From at least the time man first controlled
fire he has made use of land and water,
plants and animals, and has encroached on
the natural balance of his universe. Now
increases in population and developments
in technology threaten that balance, and
there is a special urgency to define the
problems of nature conservation and to
find solutions to them.
This book is a stocktaking of the natural
resources of the Pacific region, resources
subject to competing demands. To
establish their most effective use thus
requires evaluation in social and scientific,
economic and political terms.
The authors of this book include some
of the world’s leading experts in nature
conservation and related resource-use
problems. The problems they write about
—conservation in relation to other uses,
fauna conservation in relation to flora
conservation, conservation of wide-ranging
groups, conservation on oceanic and
offshore islands, restoration after mining—
and the solutions they suggest are of
fundamental and challenging importance.

P rin ted in A ustralia
Jacket design by A rth u r Stokes

From at least the time man first controlled
fire he has made use of land and water,
plants and animals, and has encroached on
the natural balance of his universe. Now
increases in population and developments
in technology threaten that balance, and
there is a special urgency to define the
problems of nature conservation and to
find solutions to them.
This book is a stocktaking of the natural
resources of the Pacific region, resources
subject to competing demands. To
establish their most effective use thus
requires evaluation in social and scientific,
economic and political terms.
The authors of this book include some
of the world’s leading experts in nature
conservation and related resource-use
problems. The problems they write about
—conservation in relation to other uses,
fauna conservation in relation to flora
conservation, conservation of wide-ranging
groups, conservation on oceanic and
offshore islands, restoration after mining—
and the solutions they suggest are of
fundamental and challenging importance.

P rin ted in A ustralia
Jacket design by A rth u r Stokes

'A nadyr

ALASKA

Bering
P Karaginski I

Sea o f Okhotsk
Am ur

Sakhalin
V ancouver i;
Manchuria
Primoryi,

u

N I

D

S T A T E S

JAPAN

KOREA

Guadelupe I. •

t. Bonin Is

M E X I C O / G u lf o f M exico \ ] “ *

•• Volcano Is
'

Hawaii

West Indies

Revilla Gigedo Is v

INDIA

• M A R IA N A IS

f P H IL IP P IN E S

P A

/G u a m

C /

O C E A N

Caribbean Sea
Chpperton I.»

M AR S H A LL

CENTRALS
AMERICA

C A R O L IN E S IS * '

M a id iv e
Celebes,

*• G ILB E R T

Nauru
•

•

Ocean I.

*

'• .

MARQUESAS
r.
IS

/

A Cora! Sea

N D

W

* .

H E B R ID E S
•.

S5L

AUSTRALIA

NEW

F IJ I IS ..
v.

TU AM OTLI

•
.

N E W V - ‘
C A L E D O N IA

\

S O C IE TY

-»*■'

i

SOUTH

I

ll" A R C H .
,

Austral

:-Mang<
Pitcairn I

)

OCEAN

AMERICA

Easter I •

* Norfolk I
•* * Kerm

Juan Fernandez»

Tasmania

NEW
ZEALAN D,

Equatorial Scale

kilometres

M acquarie I

This book was published by ANU Press between 1965–1991.
This republication is part of the digitisation project being carried
out by Scholarly Information Services/Library and ANU Press.
This project aims to make past scholarly works published
by The Australian National University available to
a global audience under its open-access policy.

N ature Conservation
in the Pacific

N ature
in the
Proceedings of the Symposium on Nature Conservation in the Pacific
of the Twelfth Pacific Science Congress held in Canberra, Australia,
18 August to 3 September 1971

Editors

A. B. C O S T I N and
R. H. G R O V E S

Conservation
Pacific

Australian
National University Press
Canberra 1973

© A u stra lia n N ational University 1973
This book is copyright. A part from any fair dealing for the
purposes of private study, research, criticism, or review, as
perm itted under the Copyright Act, no p art may be reproduced
by any process w ithout w ritten permission. Inquiries should
be m ade to the publisher.
Printed and m anufactured in A ustralia
Registered in Australia for transmission by post as a book
N ational Library of A ustralia C ard no. and ISBN o 7081 0132 1
Library of Congress C atalog C ard no. 72-78257

Foreword

T he present volume provides a valuable collection of papers bearing on the
problems of nature conservation in the Pacific region. It is of particular
interest at this juncture when conservation in the region has assumed a new
urgency, since the papers provide an excellent introduction to this broad
ranging topic. They document the situation as a kind of datum line at this
point of time.
Many of the problems dealt with are of international concern with rele
vance outside the Pacific area. The papers are not intended as a compre
hensive coverage of the field but rather as an effective sampling of the range
of nature conservation problems encountered in the region.
The papers were presented at a Symposium on Problems of Nature
Conservation in the Pacific, the largest of ten symposia at the Twelfth
Pacific Science Congress held in Canberra, Australia, from 18 August to 3
September 1971, in relation to the first of its four themes: productivity and
conservation in the Pacific. The Symposium was divided into five sections
carefully selected for relevance to the Pacific area, and these sections make
up the five parts of this book.
The Pacific Science Association or, in the case of the Twelfth Congress,
the Association’s representative organisation in Australia, the Australian
Academy of Science, is not obliged to publish Congress proceedings, and
hence many important contributions may be lost. Fortunately in the case
of the present Symposium, the Australian National University Press has
undertaken to publish the edited papers.
IUCN is pleased to be involved in the publication of these papers and
commends the book as an important international reference on problems
of nature conservation.
GERARDO BUDOW SKI

Director-General,
International Union for Conservation of Nature
and Natural Resources
Morges, Switzerland.
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In tro d u ctio n

A. B. C O S T I N

AND R. H. G R O V E S

N ature conservation is becoming increasingly important and urgent in

the Pacific area. The problems arising are of many kinds, ranging from the
reservation of extensive natural areas of land or water to the protection
and management of species in urban environments. This book presents a
representative cross-section of problems of nature conservation in the Pacific.
Most workers in nature conservation should therefore be able to identify their
own kinds of problem here and, hopefully, be assisted in finding solutions.
In the general sense nature conservation is not new. Man has been
making decisions about the use of land and water and their biota at least
since he evolved control of fire, soil and water. But, because of rapidly
increasing pressures of population and technology, there is now a special
urgency to define adequately and to find rapid solutions to problems of
nature conservation. Furthermore, because of the increasing pressures on
the same area of land or water from several kinds of land use, of which
nature conservation is only one, it is often impossible to consider nature
conservation, except in the context of other, sometimes complementary,
but often conflicting forms of land use.
Thus, the first part of this volume describes techniques for the evaluation
of land for nature conservation. The Pacific region includes countries with
widely different standards of living and the papers presented with their
different approaches amply bear out this fact. Accounts of approaches to
nature conservation and the use of land being made in parts of the United
States and Canada highlight the approach in relatively affluent ‘Western’
countries. These approaches are compared and contrasted with the situation
in Latin America—here the people, with lower living standards, are
primarily concerned with obtaining their material needs from the land,
and action on nature conservation matters tends to be initiated by inter
governmental agencies. Five specific and different examples follow of the
status of nature conservation in New South Wales, British Columbia, Micro
nesia, Sabah and South-east Asia generally.
The first part also includes two papers which present details of more
I
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specialised criteria and techniques for the evaluation and use of land for
nature conservation than are normally employed. In one, the criteria are
based on the recognition of plant morphological features of evolutionary
importance, and worthy of conservation. In the second, a correlation of
rainforest structure, floristics and bird habitat provides the bases for
identifying conservation areas. These more specialised approaches indicate
that there can be no universal formula for evaluating land for nature
conservation; each problem should be examined on its merits. Nevertheless,
the more obvious criteria such as outstanding natural beauty of an area, or
the occurrence in it of representative, key, or threatened environments,
species and communities, will continue to be used most generally as the
criteria for nature conservation.
Part two considers aspects of fauna, not independently, but mainly from
the viewpoint of vegetation as a suitable habitat for animals. Specific
problems discussed are located in South-east Asia, New Guinea, Australia
and New Zealand, though the principles presented apply equally well to
other Pacific countries. One chapter emphasises the different and often
conflicting roles of national parks and nature reserves—the former to serve
the public, the latter primarily for scientific conservation. Management of
nature reserves presents many problems, the initial and most important of
which is to define the aims for each reserved area. Thus, whilst the mainten
ance of the existing more-or-less natural vegetation is one of the most
important requirements for fauna conservation generally, optimum manage
ment for some species of animals (and plants) requires considerable
modification or periodic disturbance of the natural vegetation.
Contrasts in scale of problems of fauna conservation are seen in chapters
showing how the survival of large numbers of brilliantly coloured inland
fishes in Malaysia is threatened by removal of the forests along rivers, and
how fauna conservation generally in New Guinea depends on the immediate
reservation of a range of vegetation types. Even political and legal action
on conservation matters may have inherent dangers, as exemplified by the
fact that the fairly recent law passed in New Guinea to protect seven of the
world’s largest butterflies may be contributing to their disappearance by
attracting attention to them. The present situation in New Guinea with
large areas of almost pristine vegetation strongly contrasts with the status
of wildlife in Japan, where the problems of deforestation, reclamation,
urbanisation and industrialisation are seen to be immense, especially on
the Pacific side.
In most large countries the administration of national parks is a federal
matter. ‘National’ is often a misnomer, however, in federated countries like
Australia or Canada; it refers to the importance of the park rather than
to its administration. There is a demonstrated need for conservation
machinery to transcend national boundaries; to conserve migrating birds
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in Asia, international agreements are urgently needed. This is one of the
roles which should be played by international, intergovernmental agencies,
about which there is further comment later.
To make conservation effective we need to know much more about the
specific requirements of individual plant and animal species and the habitats
in which they occur. On this basis sound recommendations can be made for
legislation initially and management subsequently. Thus, the third part, on
Pacific-ranging groups, provides details of methods of study and results which
will aid their continued observation and conservation. A species does not
have to be rare to be worth conserving. Nature conservation aims to
preserve natural variety and this variety can be expressed by genetic forms
of the one wide-ranging common species as well as by rare and endangered
ones. Concern for wildlife must include algae and other ‘lower’ organisms
which play a large part in the continued stability of Pacific atolls and in
many other ecological systems. The presence of data on Pacific-ranging
flowering plants, mammals and birds highlights the fact that the knowledge
needed for sound conservation of smaller and less obvious organisms usually
does not exist. When knowledge of a species’ habitat requirements is available,
manipulation of the species numbers, such as a program of importations,
may be considered; one chapter describes an attempt to introduce certain
types of fish from one region of the Pacific to another.
The Pacific region contains well over 1,000 oceanic islands as well as
many offshore islands. The fourth part of this volume assesses the conserva
tion status and problems of these islands. A section of the International
Biological Program, the progress of which is reviewed in this part, is to be
continued and extended by the International Union for the Conservation
of Nature and Natural Resources. Already a most useful check list has been
prepared for Pacific oceanic islands. It summarises details of the physical
geography, ecology, biology and land use of each island or atoll together
with information on administration, size and population. Essays in this part
describe some of the past and present problems for conservation of oceanic
islands and try to predict what the future problems may be. Some problems,
such as the instability of many island systems, are inherent and this instability
has been triggered off in the past both by the indigenous peoples and by
Europeans. At no time was this more true than during World War II and
the period of subsequent atomic explosions carried out by the United States
and France. The future effects of tourism will be less obvious in the short
term but just as devastating in the long term unless controls are introduced.
There may be some hope if the islands or portions of the islands identified
in the IBP check list are reserved under international agreement. Encourage
ment is also given by an interesting account of work in progress on offshore
islands of New Zealand where regeneration of vegetation and recovery of
wildlife are being documented following the removal of introduced domestic
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mammals. For Pacific islands the idea of underwater national parks has
even more relevance; the marine and terrestrial systems are shown to be
interdependent and a study of the marine algae can obviously tell much
about the terrestrial environment.
The upsurge in mining, engineering and land ‘development’ projects in
the Pacific creates problems for nature conservation which are discussed in
part five, with emphasis on the South-east Asian region. Worthwhile
progress has been lacking in South-east Asia where one of the main
problems is the need for re-organisation of ministerial and public service
structures, which tend to be too rigid and discipline-oriented to cope with
the present multi-disciplinary environmental problems. Furthermore, govern
ments are still structured to concentrate on economic development. One
such environmental problem is the chemical pollution and siltation in some
Philippine rivers from mining activities which seriously reduce the potential
yield of fish. Another is the sand mining and open-cast mining for coal and
bauxite in Australia, incompatible with the aims of nature conservation
unless the landscape can be returned to something like its original condition.
In eastern Australia the conflicts are severe because of the concentration
of population and industry and demand for recreation on the coast, where
the sands are being mined. The complexity of such problems is greatest in
such huge schemes as that in the Mekong Basin; in Hawaii there is similar
complexity, but in microcosm. Forestry practice and nature conservation
have sometimes had similar aims in parts of Australia, although there are
often conflicts in practice, e.g. clear-felling operations and protective burning.
It is apparent from this brief introduction that the role of nature conser
vation in competition with other forms of land use in the Pacific is receiving
considerable attention. Some of this attention is very specialised, some is
more general. In this increasing attention we see considerable hope, and,
in some cases (e.g. British Columbia), models for other countries to follow;
but there can be no general model, since the varied circumstances of different
countries and problems require different approaches. The claim for nature
conservation may be made still more effective by a consideration, not just of
the scientific aspects, but of economic aspects and of the political processes
leading to effective nature conservation (subjects not covered here). In
this way the status of nature conservation will increase and its claims be
made more effective in the political decision-making process.

P art O ne
Techniques for E valuating L and
for N ature Conservation
in R elation to O th e r Types of L an d Use

i. M odern Methods and Devices
Available to Decision-Makers
in Planning Land Use
H. W. G A M P

P roblems associated with nature conservation in the Pacific, as in other

parts of the world, are many and varied. One reason for this array of
problems lies in the broadness of the term ‘conservation’, which ranges
from total preservation (non-use) to wisely-managed complete use of
resources. Conservation may be defined as the maintenance of the productive
capacity of our land and water resources, and their development or improve
ment to meet future requirements, which include those that contribute to
the health and spiritual well-being of people as well as material needs.
Unwise use and wanton destruction have no place in nature conservation.
Conservation problems of Pacific countries are similar, varying only as to
difficulty and urgency. One aspect of nature conservation is the setting
aside of areas of special interest to remain as undisturbed as possible. But
the decision-making process is basically the same, whether setting an area
aside for preservation or making use of one resource rather than another.
In all cases, careful planning is required.
Planning of land use is not a recent addition to man’s growing list of
responsibilities. We have always had to make some decisions about what
to do with the land and its resources. As time passed we have discovered
the inaccuracy or inadequacy of many of these decisions. I propose here to
summarise what is being done to improve our abilities to describe land and
land resources quickly and accurately, to identify alternatives, and to decide
the wise allocation of the many uses of the land. I shall describe very
briefly a few of the recent developments which make it possible to identify
and give due consideration to the many facts and alternatives in planning.
My discussion will be limited, however, to the planning programs being
developed and used by the US Forest Service, because these are the ones
with which I am best acquainted, although there are many other groups
and individuals throughout the world who are also developing planning
techniques.
Problems of land allocation are accentuated by the increasing rate of
urban growth, and by the consequent requirement to identify the impacts
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of urban settlements and to consider them collectively in forecasting the
ultimate combined effect on the land and its resources. Here, too, it is
appropriate to weigh the social and economic impacts. Allocation problems
are complicated even more when crusading conservationist groups each
strive for recognition of different interests to the exclusion of all others.
Methods for dealing in a systematic and constructive way with land-use
problems are needed. We can no longer cope with problems by attacking
them individually, ignoring inter-relationships between one problem and
another. Few places in the world today are entirely free of concern about
the allocation of land. If such places in fact do exist, the need is urgent
to take advantage of an enviable situation; the time to get involved in the
planning process is now. The easy decisions have been made. Now we need
the best help we can muster to make the more difficult decisions.
There are many steps in the planning process. To overlook any or treat
them lightly may have a serious effect on the outcome of the planning
effort. I shall review the steps in the planning process in the following order:
1 Selection of goals.
2 Determination of facts and information needed. This includes kind,
amount, timeliness, and limitations because of availability.
3 Setting up facts and information in a system for storage and quick,
easy retrieval.
4 Analysis, a step which should result in a set of individual plans. Each
plan is evaluated as to its practicability and related to the initial goals.
Here it may be found that the goals cannot be met and must be modified.
If this happens then earlier steps must be repeated.
5 Selecting a plan and implementing it.
The first two steps are based largely on intuition, and on expertise and
experience in collecting and judging the relevance of information. Steps 3
and 4 are most critical and have received the greatest amount of attention
from research workers. I shall briefly describe a limited number of systems
dealing with collection of information, storage and retrieval of information,
simulation, and allocation or decision-making.
The US Forest Service has been making land-use decisions since its
formation in 1905. Prime consideration has been given continually to
planning the use of resources in such a way as to maintain their permanent
value. In this work the Forest Service is committed not only to multiple-use
planning and environmental protection, but also to balancing national and
local production goals and demands against forest-resource capabilities.
Forest Service units are currently developing about fifty fully or partially
computerised systems related to resource information and multiple-use
planning. Generally, there are five types of system:
i Resource information collection and analysis.
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2 Information storage, retrieval and display.
3 Simulation of resource response.
4 Resource facility design and operation planning.
5 Multiple-use, environmental planning and decision-making.
Several of these are intended to be subsystems in a comprehensive approach
to the development of plans for multiple-use management. They are designed
to improve the balance of resource allocation on a forest management,
watershed, administrative, or other type of land unit. Other systems have
more specific objectives, related to management of only one resource or
to one protection, engineering, or administrative problem. Some are intended
to be primarily research tools; others are designed for operational use. Even
though specifically oriented, some of these can be used as components of a
comprehensive planning process.
In May 1971 the Forest Service called together systems developers,
research scientists, resource managers, and area administrators. They were
asked to:
1 Appraise each system’s capability and limitations for multiple-resource
planning at the management unit level.
2 Identify needs to co-ordinate research, development and testing and to
make the systems compatible, particularly in requirements for input data
and output produced.
3 Suggest procedures for achieving the necessary co-ordination and
compatibility.
4 Identify deficiencies in research and development for resource informa
tion and planning.
In this process several techniques were developed that could help to evaluate
land for nature conservation in relation to other types of land use. These
techniques can be considered under four main categories.
INFORMATION COLLECTION

No decision on land use is feasible without having factual information
available. A great deal of information is needed, but we must plan wisely
for the kind, amount and accuracy of data really needed. Descriptive,
quantitative and qualitative data must be provided for a continuing
appraisal of present and future status of various resource components. Levels
of reliability, detail, precision and timeliness must be specified. We can
acquire information on resources or resource use through one or more of
the following systems:
i Aerial photographs: a. analytical photogrammetry, which includes
techniques to produce corrected and accurate positions, distances, and
elevations from aerial photographs; b. classification of areas from photo-
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graphs, including timber or range, other vegetation types, soils, wildlife
habitats, or other classifications; c. identification from photographs of
streams, roads, cultural improvements, or other such features.
2
Ground surveys: a. field engineering data on distances, heights, topo
graphy, etc.; b. classification of conditions on ground areas and identification
of line or point data difficult or impossible to interpret from aerial photo
graphs; c. plotting of data collected in detail at a sample of points, including
timber inventory and range trend plots; d. continuous or periodic recording
of weather, soil moisture, fuel moisture, snow accumulation or streamflow.
Many such programs are available in the United States for generating
resource data, e.g. the Nationwide Forest Survey, the Barometer Watershed
Program, the Soil Resources Inventory, and the Recreation Information
Management Program, providing information for management of forests
for recreation. Further details of these programs and of others mentioned
later in the text are available from the Pacific Southwest Forest and Range
Experiment Station at Berkeley.
INFORMATION STORAGE, RETRIEVAL AND DISPLAY

The possible availability in the coming decade of remote sensors on
spacecraft and aircraft and the capability to read out in situ sensors by
satellite may open the way to a greatly increased efficiency in collection of
information. As larger quantities of detailed resource information become
available the consequent problems of storage, retrieval and display increase.
Resource data are useless unless supplied to the user in the form in which
he needs them. This form may be as raw data, partially-analysed data
related to other data, in-place information on maps, or information projected
to a future time.
A number of systems are either available or are being developed to fill
these needs. These systems:
1 Accept a variety of resource information from several primary sources
or analysis systems and store it according to geographical location.
2 Retrieve either all or a selected part of the resource information for a
location or area according to a specified set of instructions.
3 Correlate the information to determine inter-relations, e.g. locate areas
with both of two particular characteristics.
4 Display the information in map form with varying amounts of infor
mation.
5 Summarise and tabulate the resource information in report form. Some
of these systems are Information for Management (INFORM ), Wildland
Resource Information System (WRIS), Map Information Assembly and
Display System (MIADS, MIADS2) and Total Resource Information
Systems (T R I).
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Having collected information and provided for storage and retrieval the
next step in the decision-making process is to consider the interplay of
proposed actions. For this purpose we resort to simulation of responses to
these actions. Simulation is the estimation of results of processes that are
defined by logical and mathematical models.
The models used in these systems are abstract approximations of relation
ships in the real world. No model can be as complex as the actual process.
How closely they estimate the real processes depends on whether they
include most of the important variables influencing the processes, whether
these variables can be accurately measured, the complexity of the process
and how well it can be described mathematically, and the consistency of
the response.
Some simulation systems are available now, and additional systems should
be developed by scientists involved in the International Biological Program.
This program will conduct intensive research on all natural processes in a
number of major ecosystems and will develop mathematical, analytical and
simulation models for the energy, water, and nutrient cycles of each
ecosystem, and population dynamics for important species.
Some of the more broadly applicable Forest Service systems include the
Timber Resource Analysis System (TRAS) and the Resource Capability
System (RCS). Numerous other systems more specific in their applications
have been developed. These are especially useful in planning for a single
function or resource. There are systems to simulate timber cut regulation
for management areas; to predict water yields, flood run-off, and sedimenta
tion from land characteristics, management treatments, and other variables
in the hydrologic process; to predict fire danger ratings which are comparable
from region to region; to predict changes and cycles in insect population
dynamics so that control programs can be designed to reduce destruction
and optimise yields in spite of pests.
M U L T IP L E -U S E A N D E N V IR O N M E N T A L PLANNING AND DECISION S Y ST E M S

From the land manager’s point of view we have now reached a critical
point in the decision-making process. Flow can we really put together all
of the information and relationships developed by numerous systems to
allocate properly the use of the lands being managed? Unfortunately, this
seems to be the weakest stage in the planning process at the moment. Some
systems are being developed, however, to help determine the best combina
tions of resource activities to achieve stated goals. All cases require that the
criteria for ‘best’ be explicitly stated, either in terms of achieving specified
goals or benefits at least cost or in terms of maximising benefits.
A base common to many of the systems being developed is the mathemati
cal technique of linear programming. Linear programming is well adapted
to multiple-use forestry problems with many resources, inter-related

12

Nature Conservation in the Pacific

processes, and numerous outputs, though it is not a panacea for solving all
multiple-use and environment problems. A linear program for a reasonably
complete multiple-use analysis of an area as large as a Ranger District, say
40,000 hectares or more, is enormous in terms of formulating the problem
and preparing coefficients for activities and restrictions. Major computer
programs have been written to automate this tedious work. Solving the
problem is relatively simple if a large enough computer is available. An
example of such a program is the Resource Allocation Model (RAM) being
designed to help wildland managers explore alternative ways of managing
forest lands. RAM is only one example of several systems being developed
to make it possible for an administrator to weigh alternative programs of
management. We are still a long way from having a totally sufficient
system. It is important to remember that the final selection of a plan or
program must be made intuitively outside the system because all relevant
social and political considerations cannot be incorporated in the valuing
of the inputs and outputs. We have come a long way, though, in developing
tools to collect more adequate information and give it more equitable
consideration in planning the allocation of our land for various uses. The
plan may be for nature conservation, timber harvesting, recreation, wilder
ness, or a great number of combinations of uses. The main objective is to
plan in a manner that will safeguard the interests of generations to come.

2. Collecting, Storing and Evaluating
Data for Nature Conservation
Purposes
D. S. L A G A T E

o n s e r v a t i o n of land is a complex problem involving an understanding of
the interdependence of resources, the appropriation of public funds, the
enactment of laws and of zoning ordinances, and the marshalling of public
opinions nationally and internationally (Udall 1963). Many land-allocation
decisions may be based more on the political, legal and social constraints
within a region than on a well-documented technical justification for the
establishment of a series of reserves for nature conservation. I shall sum
marise here some of the methods for conducting and evaluating resource
inventories that are being employed in Canada and parts of the United
States as one set of inputs in land conservation and regional planning
programs.

C

COLLECTION OF INFORMATION

It is essential, as Rowe (1971) points outs, to recognise at the outset
that land or resource inventories and classifications can be primary, second
ary or tertiary, depending on how close to the data in the primary physical
inventory the resource planner or evaluator works. For example, if a planner
examines a large land area and makes a resource-classification map based
on physical and biological features, he is working at the primary level, e.g.
classical soil surveys, forest inventories, surficial geology. The Canada Land
Inventory (CLI) program under the Agricultural and Rural Development
Act (ARDA 1970a) is an example of secondary or interpretive classifications
based on primary data. The CLI program rates land areas according to
their capability or suitability for forestry, agriculture, wildlife habitat and
recreation. A study of economic and socio-political feasibility could lead to
a tertiary level of land classification and interpretation.
A comprehensive inventory of land resources at the primary level is a
prerequisite to any rational evaluation of land for nature conservation in
relation to other types of land use. Many resource inventories in the past
have been undertaken to serve single disciplines or interest groups. Until the
mid-sixties the program in resource inventories in Canada, for example, was
13
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a fragmented one in terms of continuity, organisation, disciplines involved,
and the kinds of landscape-resource features that the various investigators
classified and mapped. Many of the resource surveys were initiated by
agencies whose main functions and objectives were research. As a result, the
programs were frequently pilot studies or tests of classification schemes. It
was rare to find a co-ordinated program involving the inventory of all land
resources to serve as a base for land-management and regional planning
decisions involving such uses as forestry, recreation, wildlife, selection of
natural areas, and transportation development.
Land classifications can take many forms depending on the purpose of,
and the types of disciplines involved in, the primary classification of the
resource base. Because many of the areas of concern are large land masses,
the evaluation of land for nature conservation purposes in relation to other
types of land use suggests that a multi-purpose overview is basic. If our aim
is to identify areas that are representative of the dominant landscape, and
features that are unique, the land-resource inventories will of necessity have
to focus on procedures that begin with a reconnaissance overview of the area,
with more detailed examinations and evaluations being carried out at specific
locations as needs arise. To examine these large areas of land we do not
have the time, the financial resources, or a large pool of expertise to justify
the development of a scheme that starts at the specific and builds up a
framework of information of significance to a variety of users.
Initially, it is essential that broad regional subdivisions be established to
provide some guidelines to the number of landscape patterns that may be
present and that may be worthy of consideration for nature conservation
purposes, as, for example, in British Columbia (see Krajina in this volume),
where the initial survey work for ecological reserves is based on a scheme of
eleven biogeoclimatic zones.
Many of the operational land and natural resource classification programs
in Canada and the United States rely to a great extent on the use and inter
pretation of aerial photographs as a basic source of information. Examples of
these programs are the Canada Land Inventory Program, the New York
State Land Use and Natural Resources Inventory, the Biophysical Land
Classification pilot projects initiated in several regions of Canada, the Arctic
Land Use Research Program and the standard resource inventories such as
the forest inventory, soil survey and surficial geology programs. Colwell
(1968, 1970) has discussed the role of aerial photography in making a landresource inventory.
Secondary or interpretive levels of classification may also be employed in
the classification of land resources for conservation purposes. Here the con
cern is with the rating or ranking of land areas to provide information for
allocation of regional resources and land-use planning. A variety of landcapability surveys have been initiated and completed as part of on-going
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physical environmental inventories. These capability inventories are often
based on guidelines outlined in a series of handbooks prepared by the US
Department of Agriculture (Klingebiel and Montgomery 1961).
The stated purpose of most of these capability surveys is to assess the
potential of the land for improved systems of land use within its physical
limitations (New Zealand Soil Conservation and Rivers Control Council
1969). It is clear, however, that because of long-standing traditions and
concerns for agricultural production, many of these interpretive classifica
tions focus on schemes for potential agricultural development, soil erosion
assessment, and biological production potential for agricultural or forestry
crops.
The Canada Land Inventory Program, which was initiated in 1963, is
composed of a series of interpretive classifications designed to cover the
settled portions of rural Canada (approximately 2.5 million square kilo
metres). The basic concepts and procedures of the US Department of Agri
culture capability system were adopted. They were applied primarily in only
the sector of the inventory program to do with capability of soil for agricul
ture. The other resource sectors, although accepting the concept of capability,
developed additional concepts toward land-resource interpretations. The CLI
Program took the approach that all lands had the potential of classes 1-7
for a variety of uses and functions. The interpretive classifications employed
were therefore assessments of land capability for several distinct user groups
or sectors—forestry, agriculture, recreation and wildlife (capability for un
gulates and water-fowl were rated separately). The capability of the land
scape for each use is examined independently and rated from classes 1-7
(class i being the best and 7 the poorest), and a series of five separate
capability maps is generated for the same area of land. This is a unique and
very valuable approach, especially since it provides opportunities to highlight
and document values other than the usual agricultural production biases
common to most land-capability surveys.
The capability information is presented on maps at scales of 1:125,000 or
i : 250,000; therefore, detailed information required for management of indi
vidual parcels of land may be difficult to extract at this level of generalisa
tion. The CLI Program is designed to provide information for use at a
reconnaissance level or as an overview of the land resources but not for on
site management planning. There are indications, however, that some of the
information could be used for planning and management at the present levels
of resource management that are common in some areas of Canada.
The agricultural capability inventory is based primarily on the re-interpre
tation of the primary data and maps provided by the co-operative federalprovincial soil surveys that have already been published. These capability
ratings focus on the physical limitations of the land as they affect crop
production. Productivity ratings are not tied in directly to the capability
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class, although in some areas this has been attempted where the information
on crop yields is available. A detailed description of the classification is
presented in the Canada Land Inventory Report No. 2 (Agricultural and
Rural Development Act 1969a).
The Land Capability for Forestry classification (Agricultural and Rural
Development Act 1970b) indicates those areas of land on which intensive
management practices might be justified. The objective is to describe the
potential capability of the land with indigenous tree species, growing at full
stocking, and assuming good management. Potential productivity ratings
(based on a range in mean annual increment) are tied to the capability
classes 1-7 in the Forestry sector ratings. Because the soils of many of our
forested and associated wildland areas had not been surveyed in the past as
a part of the federal-provincial co-operative surveys, a program of recon
naissance soil surveys and biophysical land-classification projects has been
initiated to provide background information on physical attributes of the
landscapes as a basis for the interpretive forestry ratings.
The classification of wildlife capabilities has some unique problems related
to the great diversity of species, their different habitat requirements, and
their mobility. One national series of maps could not effectively represent
the capability of land to produce or support all species of wildlife. For this
reason the CLI wildlife-capability inventory is restricted to two main groups
—ungulates and waterfowl—because of their general economic value and
their wide national distribution (Agricultural and Rural Development Act
1970c).
The classification of land for outdoor recreation (Agricultural and Rural
Development Act 1969b) emphasises the significance of recreational attrac
tions rather than soil or land limitations. The agriculture, forestry and wild
life classifications indicate why an area is not class 1, i.e. they present infor
mation on physical limitation and degree of limitation. The recreational
classification, however, does not take this negative limiting factor approach—
it adopts a ‘positive information’ viewpoint. The rating scheme indicates why
a given area has a high rating (why it is not class 7) on the basis of signifi
cance of attractions. The subclass designations are symbols used to describe
the types of attractions or outdoor activities that are present in a given area.
Class i lands, for example, must lend themselves to intensive use or be
exceptionally attractive. They may include good natural beach areas, excel
lent ski areas, or outstanding natural phenomena and historic features
(Brown 1968). In addition to providing an overview of the quality, quantity
and distribution of natural recreation resources in the settled parts of
Canada, the survey also identifies lands or features possessing outstanding or
unique values. The information on recreational capability is presently being
used in various regions of Canada in the preparation of provincial land-use
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plans, in the disposition of crown lands, and in the reservation of public
lands for recreational and educational purposes.
In summary, the CLI interpretive classification program focuses on five
separate rating schemes for forestry, agriculture, recreation, wildlife and
waterfowl sectors. In addition, coverage of present land use is obtained and,
regionally, socio-economic classification data and agro-climatic data are
compiled. The significant aspect of the CLI program is that through the
recreation and wildlife sector surveys, a mechanism is provided by which
nature conservation and associated recreational values of the land can be
identified and considered at the same time as, and have equal status with,
the land-development type of capability classification.
STORAGE AND PRESENTATION OF INFORMATION

Resource data banks are presently being developed in many parts of the
world—for example, there is the program described by the working group on
land classification and data storage (Military Engineering Experimental
Establishment 1966), the International Biological Program (IBP), in which
check sheets describing candidate natural areas are filed and stored on
tape for computer retrieval, and the data bank program in Quebec which is
attempting to set up a common code for all past, present and future ecolo
gical observations that will allow the handling of a vast amount of data by
means of computers (Study Group on Ecology Applied to Land Use 1970).
Here we shall highlight only examples of those systems in which mapped or
spatially located data are stored or reproduced (systems that display how
much of what is where).
The two computerised land-use and natural resource inventory projects
that are most advanced operationally in Canada and the United States are
the CLI Program and the New York Land Use and Natural Resources
(LUNR) Inventory respectively. The CLI system of storing information, as
originally conceived, has been described in several papers (Tomlinson 1967,
1968). The Canadian Geographic Information System (GIS) is a computerbased system designed to read, store, analyse and compare maps of resource,
social and economic information. These maps may be capability maps, census
maps, soil maps, surficial geology maps, recreational capability maps, maps of
natural areas or any other map, since the basic capability of the geographic
information system is that it accepts and stores all types of location-specific
information, that is, any information which can be related to an area, line,
or point on a map. The system can be thought of as being basically in three
parts—the input procedure, the map reduction system, and the retrieval
system. In the input procedures three types of data are taken from the
original source map. Firstly, a scribed map, which contains the boundary
information, is placed on a drum scanner and the scanning operation pro
duces a digitised map of the boundaries on magnetic tape. Secondly, each
B
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of the map units or map elements is numbered on a transparent overlay
which in the broad sense shows the location of each of the areas on the map.
Thirdly, the corresponding classification data for each map area are tran
scribed to a data sheet for punching into cards to be read by the computer.
These three sources of information, after passing through a drum scanner, an
X-Y digitiser, and an encoder respectively, are later combined on magnetic
tape in the computer to form the input to the map reduction system (Foster
i 97o) .

The second procedure—the map reduction system—converts the input
data into a manageable form; it detects cartographic errors; it calculates the
areas of the map units and adds maps to the data bank. These functions are
performed by nine major programs or phases (Foster 1970).
The last phase of GIS is concerned with retrieval of the stored informa
tion. One of the basic requirements for any system for processing maps is the
ability to compare two or more maps of the same landscape—comparing, for
example, a map of present use with a map of capability for recreation, or a
map showing the location of unique natural areas. This is accomplished in
this system by making a composite map of the region from two or more of
the existing processed map coverages. The result of this overlay procedure is
a new coverage that in itself can be treated as an original source map and
used as an input to another overlay operation.
The Canada Land Inventory Geographic Information System is in many
ways unique, and in some respects much of its effort could be classed as
being basic research into the problems of resource data bank development.
Originally it was planned to process all the maps of the CLI at a scale of
1:50,000 (an estimated 30,000 maps). It would now seem that input at a
scale of i : 250,000 can be justified, but not at a scale of 1150,000. It has been
estimated that to complete the program as originally conceived would be very
costly and would take seven to ten years. The drafting and scribing proce
dures alone are major tasks that were underestimated both in time and costs
involved. Moreover, if one assumes that all the provinces would eventually
want to have their own computer storage and retrieval systems for their own
planning operations, the staff and equipment replication for regional centres
throughout Canada would be very costly and difficult to justify.
As a result, a continuing process of reviewing alternatives has been initiated
as part of the CLI Resource Data Bank System. One is the use of line
digitising techniques to avoid the optical scanning process, which is expen
sive; and the second is the use of a grid centroid approach which basically
involves the superimposition of a rectangular grid on a Universal Trans
verse Mercator (UTM) map and the assignment of data on a point basis to
the centroid of each grid square. If this approach is used significant savings
can be realised in the design and production ends (Foster 1970).
The New York State Land Use and Natural Resources (LUNR) program
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is an inventory of over 135 items concerned with land use and natural
resources conservation (Cole 1970). Interpretation of aerial photographs is
used as a source for about 80 per cent of the inventory information, the
balance being obtained from existing maps and reports and through personal
familiarity with the area. The general procedure is to transfer information
on land use and natural resources as interpreted from aerial photographs
directly on to overlays for each US Geological Survey quadrangle map.
Information is then coded for each one kilometre square grid cell within
the map sheet. The New York LUNR classification is composed of nine
major land-use categories, which include sixty-five categories of land use and
seventy additional types of use identified within various categories. The landuse maps produced are themselves a most useful source of information for
resource planning and management. However, to provide access to the
computer, the LUNR project adopted the Synagraphic Computer Mapping
(SYMAP) computer program developed at Northwestern University by H.
T. Fisher. The SYMAP program as described by Degelman (1969) utilises
standard computer equipment and procedures to analyse and display spati
ally located information from a variety of original source maps. Maps are
generated showing the values of data according to their actual geographic
location. In the LUNR program, three types of map are available: confor
mant maps presenting the values of data assigned to each point, contour
maps showing the variation of data over the whole study area, and
proximal maps with non-data points being given the value of the nearest
data points (Shelton 1968).
The digitally computerised inventory provides a variety of end products
consisting of computer-produced maps, a set of data books, a computerised
data list, and an area map. This is not a data bank approach. Instead the
program focuses on collections of raw resource information, which can then
be manipulated through computer programs to produce over 20,000 different
first order computer maps true to scale and location (E. E. Flardy pers.
comm.). The SYMAP program enables several unique quantitative and
spatial analyses of the data to be made, with the results displayed graphically
by digital plotter. Tabular summaries are also produced.
The New York State (LUNR) system is designed more nearly to meet
the needs of areas of intensifying land uses, whereas the CLI system is
designed basically as an information system for planning of large areas at
the national to regional levels. The LUNR system also features great flexi
bility. New information can be added as and when required, and the grid
intensity can be varied depending on the purpose of the survey. For example,
in the study for the Hudson Valley Commission, a 0.25 square kilometre
grid was used as the reference base for land use, and for cultural and
natural resources inventories tailored to meet the Commission’s specific
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needs. The LUNR system is also relatively inexpensive compared with the
equipment and programming costs associated with the CLI program.
In Canada, tests of the SYMAP computer mapping system have been
initiated recently in the Provinces of Ontario and Alberta. The Regional
Development Branch of the Ontario Department of Treasury and Economics
(Agricultural and Rural Development Act ig7od) is analysing resource data
using a grid system in which each cell is approximately 400 hectares in size.
The Foothills Resource Allocation study (Nowicki 1971) is a project initiated
and designed to meet the planning needs of the Province of Alberta. Under
the CLI Pilot Land Use Planning Projects, an agreement has been negotiated
between Alberta and the Government of Canada to carry out this land-use
planning project which, for the present, is focusing primarily on the analysis
and synthesis of land-capability information from the five major resource
sectors of the Canada Land Inventory. In this study, the spatial unit for
data collection and analysis is a quarter section unit (65 hectares).
Information and data on land resources or land capability can also be
stored and displayed in the more conventional form of maps, overlays,
mosaics of aerial photographs or ortho-photographs. These sources of infor
mation can be used to derive secondary or tertiary summaries of basic data,
or they can be compared, combined or sieved directly to provide a framework
for land-use and conservation decisions.
LAND EVALUATION

The common techniques used to analyse and synthesise the collected and
stored information can be classed into two groups—the sieve-map method
or the computer method. Both approaches involve essentially the super
imposition and comparison of maps and information to obtain a display of
the constraints or favourable attributes of the land.
McHarg’s (1969) system of evaluation is a significant contribution to
ecological land-use planning. His procedures involve the superimposition of
a series of overlays (sieve mapping) to develop background knowledge for
land-allocation problems. The opportunities and limitations to various land
uses are derived from the basic resource data which are interpreted and
reconstituted within a ranking system into a gradient of five values. A series
of maps are made into transparent negatives which are superimposed and
photographed. In the selection of areas intrinsically suitable for conservation
in his Staten Island study, for example, the factors selected were: features
of historic value, high quality forest and marshes, beaches, streams, waterassociated wildlife habitats, unique geological and physiographic features,
scenic land and water features and scarce ecological associations. In evalu
ating these summary maps to produce a final composite land-use map, it is
difficult to resolve all the suitabilities, compatibilities and conflicts by super
imposition and photography, hence the pre-emptive method is used. This
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consists of locating all primary suitabilities not in competition with any other
primary values and mapping them, thus pre-empting the appropriate areas;
this pre-emptive process is continued with secondary and tertiary values
(McHarg 1969).
One of the methods proposed in the CLI program is a computer method
of comparison and evaluation in which composite maps are made of a given
area from two or more stored coverages which are at a common scale and
frame size. The result is a new plotted output which can then have its areas
measured and summarised in the same way as any other map in the system.
In the overlay procedure, the boundaries of the area of concern could be
census districts, county boundaries or, for example, an arbitrary zone to
obtain a display of all the unique areas within a 37 or 55 kilometre radius
of some centre of population or linear transportation corridor. Development
work is currently under way to make this plotted output as meaningful as
possible (Foster 1970).
A program of Land Capability Analysis using overlays of the five resource
sector capability maps has been under way in British Columbia since 1967.
This is basically a sieve-mapping technique that is carried out as a co
operative undertaking by an interdisciplinary group of resource specialists
(Agricultural and Rural Development Act 1970c, ig7of).
The New York LUNR program, the Ontario Land Capability Analysis
program and the Alberta Foothills Resource Allocation studies are focusing
on the SYMAP computer system to generate maps showing information
according to their geographic location. Line printer symbols are used to
produce a black and white spatial diagram which displays the range of
values recorded for the grid cells. Single factor maps or maps showing any
combination of factors can be combined on to a single map surface.
The grid system seems to be adequate for the general handling and display
of information at the overview stage of information analysis. One of the
weak points, however, is that the actual data values recorded for each grid
are often generalised into groups, and each group is assigned a graphic
symbol. Complexes of values within each arbitrary grid cell are generally
recorded for computer input on the basis of the dominant element occupying
over 50 per cent of the area. For some land-planning decisions the resolution
or density of the grid cells may be a problem. Of course, the resolution
could be increased by using smaller cells (such as in urbanising areas), but
where does the increase in resolution stop, and what if most of the on-site
land-management and allocation decisions require that a very small cell grid
be applied throughout a very large area?
The problem is that many conflicts in land use cannot be solved by mani
pulating and superimposing a mass of single or composite displays of resource
information. These displays of information are of considerable value at
certain stages in the program as summaries of the kinds and geographic
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location of significant values within the landscape, but they should not be
used as the basic framework for many land-management and land-allocation
decisions. It is only at the management level that conflicts of land use can
be solved.
A unique habitat or natural area or geologic formation, for example, can
be identified, located, coded and stored on a map or in some form of
computerised information system, but this may not provide the key informa
tion that is needed to evaluate this tract of land for nature conservation
purposes. Let us assume, for example, that a new highway is to be located
in a given area. One might think that this poses no severe problems because
a printout computer map or other display would clearly indicate the location
of this unique area and the proposed road could be re-routed to avoid the
identified grid square or spot on the map. When a decision is to be made to
avoid some significant ecological area, however, it cannot be based solely on
the outer boundaries of the ecological site itself or some arbitrary protective
zone. The boundaries do not provide the information that may be needed to
evaluate the geographic position of the specific site of interest in relation to
other processes within the surrounding landscape. The surface drainage
pattern, groundwater recharge values and air drainage patterns that occur
around the area (these may be of some significance for a distance of kilo
metres) may also have to be considered if contamination or alterations to
the proposed nature conservation area are to be avoided. I cannot conceive
of a reasonable number of overlays that could be generated to handle all the
types of information that would be needed to assist in these kinds of prob
lems. The information needed would vary considerably from one area to
another depending on the type of nature conservation area that is to be
protected, the structure of the landscape and the type of alteration or
development scheme that might be proposed, be it a highway, a pipeline, a
town site or an airport. As Mabbutt (1968) has emphasised, the character
of land cannot be understood fully in terms of local controls acting in isola
tion, but is in part determined by relationships with adjoining areas. A
recent examination of sources of resource information (Lacate 1970; Hamil
ton and Lacate 1971) indicated that aerial photographs can also be a
valuable tool in the evaluation of land resources. In this study, which dealt
with resource inventories and landscape ecology in the selection of highway
routes, the aerial photographs were employed as composite, three-dimensional
models of landscape features—a composite that could not be developed
except through the generation of an extremely numerous and complicated
series of overlays or computer maps.
Aerial photographs present a display of all features, the spatial relation
ships of one feature to the landscape as a whole, and a display of features
not often considered to be large enough or of sufficient significance to be
shown on standard maps—these are the micro-forms and features discussed
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by Belcher (1959). Rowe (1969) has pointed out that ‘it is the aerial
photograph more than anything else that has revealed, in recurring pattern,
the basis for a science of landscape ecology’.
In terms of their land-evaluation potential, aerial photographs are also an
invaluable tool in obtaining information on the same land area for prior
time periods (sequential photography) for the purposes of examining trends
in changes in land use or other features (e.g. floodplain development or
alterations) that may have some bearing on the status of the area in question.
D IS C U S S I O N A N D S U M M A R Y

If the evaluation of land for nature conservation is thought of as a process
structured hierarchically with several levels at which activities and decisions
can be generated, then the various sources of information (aerial photog
raphs, field descriptions, maps, overlays, computer maps, etc.) and the
evaluation procedures can be sorted out into functional roles at different
levels of generalisation. Aerial photographs, for example, are most useful
firstly at the initial phases of the process involving the preliminary inventory
of landscape features to highlight the types of values and natural determin
ants of land use that are considered to be unique or significant; secondly in
the evaluation stages when they can be used as the composite model through
which the complex of features at specific locales, and the interaction of these
between locales, can be studied; and thirdly in the sequential examination
of processes over short or long periods of time.
Usually, maps and overlays are inefficient tools for the evaluation of
complex phenomena. However, they do provide a means by which the
unique and representative patterns of the landscape that have been identified
can be readily displayed and examined by the decision-maker. At their
present state of development computers and computer mapping systems are
not designed to provide the necessary integrations and interpretations that
can be made by trained landscape or land-use ecologists who are familiar
with the landscape and production ecosystems of the area, and the types of
interactions that should be considered. Over-enthusiastic statements con
cerning the attribute of automation of information are not unlike the over
sell that has taken place on some occasions in the broad field of aerial and
space remote sensing.
We should examine critically existing data collection and data storage
techniques because, as Webber (1967) has suggested, many of the new data
banks are little more than grab-bag collections of data, and many of them
seem to be storing data just because these specific data are easy to obtain.
This is reflected, for example, in the emphasis on the collection and storage of
present land-use information that is common in many land-survey projects.
The CLI program, on the other hand, has attempted to collect and store
data from secondary level classifications based on professional interpretations
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and experience. The objectives and aims in any program designed to further
our concern for wise use of land and environmental design need careful
examination because the information that may be needed to serve policy
with respect to allocating land for nature conservation may call for very
different sets of basic information.
We should also re-examine the generally accepted assumption that, be
cause we will have a large amount of data, we will have to rely on computers
and computer mapping techniques. In many of the data storage projects
that have been initiated it has not been stated clearly where the procedures
undertaken fit into the overall planning process. In projects that I have
worked on (concerned with natural resource conservation and the values of
educational, recreation and historic resources in the environmental planning
process), the types of information used did not preclude the use of the pre
emptive, or manual, or ocular integration of information. First of all, many
of these decisions were site specific—they were concerned with unique habi
tats or natural resource features that occur in a limited area in a specific
landscape pattern. In addition, if one is operating within a set of national or
provincial goals that state that a principal objective is to conserve, improve
and protect the natural resources and environment and control water, land
and air pollution, then a framework of fairly high priorities concerning the
types of value that should be looked at is established, and this eliminates a
host of sources of information that are irrelevant to reaching a decision
within this context.
Automatic techniques of collection and storage of data will certainly have
wider applications in the future but the extent of these will depend on the
nature and purpose of the land-classification and evaluation project. In
terms of the collection and storage of information there are a variety of
viable programs and techniques that are being tested, or are operational, in
many countries. The evaluation phases of many of these programs have not
been in operation for any length of time and are still evolving; therefore,
they are difficult to assess at this time. Pressures for the consideration of new
conservation policies, however, should lead to refinements and new applica
tions of the existing techniques.
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INTRODUCTION AND CLARIFICATION OF CONCEPTS

I t i s assumed here that proper methods for evaluating lands for nature
conservation are desirable and are effective in promoting action leading to
successful conservation programs. By comparing land-evaluation methods
between two geographically and culturally different regions, it soon becomes
obvious that important contrasts exist—as well as a few similarities—and
that, hopefully, a better knowledge derived from such comparison may lead
to much more effective follow-up programs. The latter is particularly true
in view of the large number of technical and other assistance programs
presently found in Latin America (including Mexico, Central America, the
Caribbean and South America). Such programs are carried out by organisa
tions that are much more familiar with conditions prevailing in North
America.
In order for the evaluation of land for nature conservation to be success
ful, techniques are required to take the prevailing economic and social fac
tors into account while at the same time assessing short and long-term needs
and, hopefully, future trends. Such assessments are obviously linked with
prevailing policies, legislation and administrative frameworks but they must
equally predict future trends, including for instance the growing awareness
of conservation aspects and the increase in international assistance programs
for conservation.
In comparing the two geographical regions, the main emphasis will be
on assessing conditions prevailing or likely to arise in Latin America, as
judged against a North American ‘background’. However arbitrary this
treatment may be, principally because North American conditions also
change continually, it has the merit of being better understood by a scientific
community that is, generally speaking, much more familiar with North
American conditions, owing to better communications media and a greater
literature.
1 This chapter represents a condensation and integration of two separate papers on
the subject. The authors are cited alphabetically, with no implication that one is
senior.
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Latin America is a very large region, far from uniform in either language
or culture; this is even more evident when it comes to ecological or economic
criteria used in land evaluation. Many of the opinions here given, therefore,
are necessarily generalisations, and there are important and noteworthy
exceptions. However inappropriate such generalisations may be in a particu
lar case, they offer the best method of describing prevailing situations in a
field that does not lend itself well to quantitative evaluations. They are based
on criteria reflecting the size of the territory involved, the amounts of money
spent, their importance politically (particularly when they lead to farreaching consequences), and interactions with scientific, social and economic
aspects. Noteworthy exceptions will be pointed out since they may reflect
important trends or indicate promising lines of action.
It seems particularly desirable to outline a few basic facts concerning
policy, legislation and administrative structure regarding conservation pro
grams in Latin America—as well as the status of areas presently set aside for
conservation purposes—before a comprehensive discussion on the evaluation
of land for nature conservation can be held.
POLICIES, LEGISLATION AND ADMINISTRATION
CONCERNING NATURE CONSERVATION IN LATIN AMERICA

Who Evaluates Land for Nature Conservation?
The evaluation of land for nature conservation varies greatly with the insti
tutional or organisational situation within each country. In both Latin and
North America land evaluation is being carried out by private as well as
public groups which depend upon a wide range of financial, political, legal
and technical support. In Latin America, it is generally carried out either by
the official forest, park or wildlife agencies of the central or state govern
ments, or, in rare cases, partially or exclusively by private or non-govern
mental organisations. Evaluation in North America is done primarily by the
official governmental agencies which deal with forests, parks, and wildlife,
but there is very strong activity among private organisations which both
evaluate the resources and assist in purchasing and ensuring management
of key wild lands. While the universities of Latin America are only recently
beginning to take some responsibility for nature conservation, the North
American universities and the College of the Virgin Islands in the Caribbean
have been involved in virtually all aspects of nature conservation including
training of management personnel.
Reality on Paper and in Practice
It is often very difficult for an outside observer in Latin America to distin
guish between official declarations that are interpreted as policies and what
actually happens. The most outstanding example concerns the ‘protected’
and ‘managed’ status of land set aside for nature conservation. The situation
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described on paper is often quite different from that in the field. To ascertain
the truth has been the difficult job of the Chairman of the International
Commission on National Parks of IUCN, Professor Jean-Paul Harroy, in
the preparation of the UN-commissioned list of national parks and equivalent
reserves. Pie chose to apply the criteria that were agreed upon by his Com
mission and ratified by IUCN’s General Assembly, with as much double
checking and flexibility as possible. The result is a great disparity between
official reports describing areas set apart for nature conservation and those
in the UN list. In fact, the UN list also describes, although summarily, those
areas that do not qualify for inclusion but that may be found in the lists
given by local authorities (IUCN 1971).
One reason for this discrepancy lies in the different criteria used in the
twenty-seven countries of Latin America (including three European coun
tries that have territories within the region) for setting aside land and, what
may be much more important, for implementing the policies that have
guided these criteria.
Attitudes Concerning Nature Conservation
Implicit and fundamental in many Latin American countries is the deeply
rooted belief that there is plenty of idle land which needs only the input of
man and his technology to be ‘opened’ for agriculture, grazing, mining or
other use of the natural resources. This concept is particularly true of
natural forest and water areas. Transmitted through many generations, it is
so strong that it is likely to remain a fundamental force in policy-shaping,
often clashing with conservation interests. By comparison with North
America, a very large part of the population of Latin America is rural,
between 20 and over 80 per cent according to the country. Of this popula
tion a high proportion is illiterate, poor and hungry, with no leisure time, no
cars, and few similarities to the attitudes towards, and uses of, natural areas
found in North America.
Generally speaking, there is a strong and easily understood longing for
the cities, and considerable distrust of wilderness. This feeling is certainly
more prevalent than in North America. Opening up and settling an area
through the removal of forest, installing drainage systems, and building
communications media are considered right; while allowing wilderness to
encroach on or reclaim land that may be potentially used for crops or
grazing is wrong. The forest very often is the enemy. Exceptions to these
rules are, however, on the increase and may be found principally in urban
societies, particularly among the better educated groups; they are particu
larly prevalent among those trained in the biological sciences.
Legislation
It is impossible in this chapter to summarise the volumes of legislation relevant
to land evaluation for nature conservation. There exists a convention pro-
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moted by the Organization of American States regarding the desirability of
setting apart national parks, natural monuments, fauna and flora reserves
and other protected areas, and it has been ratified by many Latin American
countries. Many local forest and land laws contain important provisions
regarding land use on watersheds, river banks, seashores, higher mountains,
all leading towards their conservation. Their real value, generally speaking,
has been rather insignificant, with the possible exceptions of those for certain
areas, particularly watersheds, which, because they lie close to cities, can be
easily supervised. There is an unfortunate tendency in many Latin American
countries to change the law as a remedy to an unsatisfactory situation, a
trend that is likely to continue.
The results, however, have rarely fulfilled the hopes of the legislators.
Legal battles and public hearings, as known in the United States, are prac
tically unknown in Latin America. Nevertheless, a distinct advantage may
be claimed for Latin America when it comes to taking unpopular measures
involving land allocation for conservation purposes. The strong power of
certain central governments or of certain leaders often makes it possible for
them to take drastic decisions involving the legal change of status of land.
Indeed, the origin of many national parks and equivalent reserves in Latin
America can be traced to the influence of some widely respected and
influential personality. Some of these men are now justly famous in countries
such as Argentina, Mexico, Brazil and Venezuela (Budowski 1968). One
may, of course, recall the historical similarity prevailing in the United States
some sixty to seventy years ago, when people like G. Pinchot influenced
Theodore Roosevelt. In Latin America, such influences may have been the
single most important factor in getting national parks and equivalent reserves
declared and set up—although many have subsequently failed to be properly
protected or properly managed.
National Administrative Structures Concerned with Land Evaluation for
Conservation
Evaluations regarding land use in Latin America rarely benefit directly from
widespread assessments related to nature conservation. Areas not fit for agri
culture or grazing (class 5 or above of the still widely used US land-use
capacity scale and usually referred to as ‘marginal’) may, by definition, be
used for wildlife management or water and soil protection. The authors of
these evaluations are mostly agronomists, with a rather limited concern for
systematic surveys regarding the country’s nature conservation needs. Even if
such surveys suggest areas to be set aside, there is often a failure to follow
the recommendations because of relatively weak administrative structures.
Nature conservation is frequently a branch of forestry and soil conservation—
with the notable exception of Argentina, where the administration of
national parks is at the same level as the Forestry Service—and, generally
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speaking, enjoys a relatively low rank in the administrative hierarchy. Several
Latin American countries have no office concerned with any aspect of nature
conservation. Specialists or well-trained personnel are notably lacking. A
course in nature conservation is offered at only a few universities, mostly by
forestry faculties.
EVALUATIONS FOR NATURE CONSERVATION

The following methods of evaluating land for nature conservation are
available: ecological methods, including mapping; informal or ad hoc
methods; economic/marketing methods; land-use methods; multi-disciplinary
and comprehensive methods.
Ecological Mapping
Possibly the most important step towards an ecological basis for land use
involving nature conservation was taken by Ploldridge and his followers in
Latin America, when they prepared life-zone maps at a scale of 1:1,000,000
or i : 500,000. These maps, prepared according to a uniform system showing
potential vegetation on zonal soils according to climatic criteria, have been
completed for Peru, a large part of Ecuador, Colombia, Venezuela, Panama,
Costa Rica, Nicaragua, Honduras, El Salvador, Guatemala, Haiti and the
Dominican Republic. The map for Bolivia is in preparation. In a report
which accompanies these maps, each life zone is discussed with regard to its
possible land use, and promising areas for nature conservation are suggested.
In Peru, laws have been enacted to prevent areas mapped as unfit for
agricultural development being opened by official or other action. In Costa
Rica, detailed surveys within one of the life zones led to the eventual demar
cation and subsequent declaration of a national park, but only after a
detailed management plan was proposed by two park planners (Miller and
von Borstel 1968). A survey of the life zones of Central America led to the
description and subsequent choice of natural habitats that should be pre
served as representative samples of important communities. The criteria used
were the threat of the complete disappearance of these communities; the
size of the threatened communities; the extent to which such action may
conflict with present agricultural development schemes; and, finally, the
importance of wildlife—here restricted to animals (Budowski 1968).
Although the use of ecological criteria appears promising as a basis for
systematic surveys to evaluate land for nature conservation, it must be
admitted that, so far, their net effect in promoting widespread action has
been rather small. With increasing interest in conservation, this situation may
possibly change in the near future.
Among other scientific methods at present in use it is worth mentioning
the world survey of protected areas—natural and man-influenced—-under
taken by Section CT of the International Biological Program on the basis

32

Nature Conservation in the Pacific

of returns from check sheets that describe these areas in detail. The informa
tion is put on punch cards for computer use. It is hoped that one result of
this computerised survey will be to point out the gaps in the variety and the
location of protected areas. This should lead to increased land-evaluation
studies to complete the network (Peterken 1967). The results of this survey
have, however, been rather disappointing for Latin America. In an attempt
to obtain more meaningful material, it has now been decided to concentrate
on the accumulation of information on the tropical rainforests using simpli
fied check sheets. Finally, it should be mentioned that IUCN has undertaken
the task, in co-operating countries, of systematically surveying promising
areas which may be declared and successfully managed as national parks and
equivalent reserves. The first country likely to be surveyed, by a team includ
ing an ecologist, an ornithologist, a mammalogist and a dendrologist, is Costa
Rica, where a dynamic and co-operative national park service exists.
Informal or Ad Hoc Methods
Ad hoc is here used to refer to an action based on rather local, and specific,
needs and motivations, as distinct from systematic and wide surveys and
long-term planning. It has proved to be by far the most prevalent, and at
present most effective, method leading to action programs involving the
setting aside of land under some protected status. Many areas of outstanding
recreational and scenic value have been surveyed and assessed on their
merits and following strong efforts by influential conservation leaders or
organisations. Although much of this work has been carried out haphazardly,
one must recognise that it has received the backing of many decision-makers.
In the United States and Canada, federal, state or provincial authorities
are empowered to assess such areas on their value for nature conservation.
The above applies equally to lower administrative structures. Important
private organisations are often at the root of many actions involving such
assessments. Many of them have powerful financial backing from individuals
or foundations. Scientific institutions, especially universities, often lend their
support to these actions. Prominent among the private institutions are the
Sierra Club, Audubon Society, the US Nature Conservancy (which specialises
in purchasing land for conservation purposes), and the Conservation Found
ation. There are many others. Spectacular conflicts of interests often result
when so-called ‘development projects’ clash with conservation interests. This
involves particularly dam building, highway construction through wilderness
areas, airport construction, swamp drainage and canal digging. Far-reaching
victories were recently won by US conservation groups in stopping the
building of a barge canal and a jetport in Florida, and drainage of swampy
areas was successfully prevented on the grounds that the maintenance of the
actual status for recreative and hunting purposes, coupled with water flow
regulation, was superior to any other land use, including economic gain.
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The Alaskan oil pipeline controversy involving multi-billion dollar interests
is at present raging along the same lines. Very few of these conflicts are to
be found in Latin America, partly because this aspect of the quality of life
has few supporters, and much of the organisational framework willing to
battle government or privately-backed projects that affect conservation values
is lacking.
Most action involving land evaluation for nature conservation is taken
at the federal or central level with the noteworthy exceptions of Argentina
and Brazil, where some initiatives arise from the provinces (or states). Action
sometimes originates from the input of local organisations and powerful
private individuals, but to a much lesser degree than in North America.
A favourite method in Latin America is to obtain approval of resolutions
affecting specific areas at national or international gatherings, thereby
prompting the relevant government into taking appropriate action. National
meetings on conservation of natural resources have been repeatedly held in
various countries and have atti'acted wide publicity. International meetings
such as IUCN’s General Assembly held in Caracas in 1952, and the Latin
American conference on conservation held in Bariloche, Argentina, in 1968
have been important means of demanding better land-evaluation techniques.
The inclusion of conservationists in land-use evaluation teams has repeatedly
been advocated during these meetings. Other international meetings organ
ised by the Latin American Committee on National Parks of IUCN
(CLAPN) have also stressed these points. The Food and Agriculture Organ
ization (FAO) has recently attached great importance to the assessment and
enhancement of ‘marginal’ areas and pointed out their conservation value,
particularly in developing countries. To what extent the resolutions emanat
ing from such meetings have prompted government action remains to be
seen, but it is by no means negligible.
Technical assistance from international organisations has been an equally
powerful instrument in evaluating land for conservation in Latin America.
At the inter-governmental level, the Inter-American Institute of Agricultural
Sciences of Turrialba, Costa Rica, with the services of several FAO experts,
has introduced a series of land-evaluation techniques for use in Latin
America, some of which have been successfully applied. While part of the
program has been discontinued, one of the FAO experts has been able to
rally considerable support from a private United States based foundation to
increase these activities at the FAO Regional Office in Chile.
UNESCO has undertaken two surveys in Bolivia and Jamaica to evaluate
areas that need to be set apart for conservation purposes. The Conservation
Foundation (a private organisation based in Washington DC) has under
taken a detailed survey of the Caribbean island of Dominica which is
stimulating the setting apart of land for a national park. Similar studies have
been carried out by the Foresta Institute (based in Nevada, USA) for certain
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areas in Chile and other Latin American countries. A recent FAO study
dealt with the delimitation of several national parks in mainland Ecuador,
while UNESCO actively supports conservation efforts in the Galapagos
Islands through the appointment of a Scientific Director and an associate
expert, whose duties include the exact delineation of the Galapagos National
Park.
Possibly one of the most powerful aids to inducing action has been the
provision of funds to allow local or foreign experts to carry out assessments
of land specifically for nature conservation, at the request of governments
or other Latin American institutions. In this endeavour the World Wildlife
Fund (WWF), backed by the scientific advice of IUCN, has been very
active. Joint efforts of governments and several foundations and organi
sations—including FAO, the Frankfurter Zoologische Gesellschaft, and the
German and Belgian bilateral assistance programs—have been successful in
establishing several national parks and reserves in Peru and Bolivia, par
ticularly for vicuna conservation. Other projects by IUCN and WWF involve
proposed national parks delineation in Costa Rica and Panama, and
sanctuaries for threatened species such as the green turtle, the mountain
tapir, and certain species of crocodile, as well as for rare birds.
Economic/ Marketing Methods

Universities, private institutions, and various governmental agencies in North
America have intensified work in the evaluation of wild lands. While some
work deals directly with wilderness and other conservation areas, most of it
deals with combinations of nature conservation, recreation, timber manage
ment, water production and regulation, and other generally compatible uses
of wild land. The question of ‘trading off’ natural value with recreation or
other activities remains a major obstacle for economic evaluation. Rigorous
economic analysis requires that the commodity or service under analysis be
assigned a cost for its production and a price for its worth on the market,
and that a relationship between resources invested and benefits received
(inputs and outputs) be established. This also requires that useful units,
such as kilograms and hectares, be established for the items being analysed
(Miller 1968).
Where nature conservation has been combined with outdoor recreation,
such as in national parks, some work on the evaluation of suitable locations
for these activities has been carried out. A review of the various methods
for the evaluation of outdoor recreation and associated areas where nature
is to be conserved has been presented by Clawson and Knetsch (1966).
Wildlife depends to varying degrees upon some form of management of
natural areas. In Latin America, wildlife is valued mainly as a protein source
for rural peoples, and for animal products primarily for export. In North
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America, wildlife is considered both in relation to hunting for sport and
meat, and for viewing in protected areas.
Many agencies in North America are now applying several models from
the economics and marketing fields to guide their planning decisions. Where
recreation and timber are produced on the same areas of land, it is often
possible to impute the benefits which are apparently derived from the natural
aspects of the site. In many cases, the evaluation can include the marketable
benefits of water resources, but even such aspects as flood control, irrigation
and industrial water supply, and erosion control, often require special treat
ment in order to quantify the related costs and benefits. The value of natural
areas to science, research, and education are claimed in both Latin and
North America, but as with cultural values, they remain largely unquantified.
Land-Use Methods
The analysis and planning of land use in Latin America has gained in
importance during the last decade. Theoretically, all factors related to the
utilisation of the land resource, including soils, climate, land tenure and
technology, are studied in a co-ordinated manner. Most methods, however,
have presented only a partial view of the entire system of variables which
actually influence land use. In most cases, it is difficult or even impossible to
locate and gather information on even some of the factors to be analysed.
In Latin America, Plath and van der Sluis (1968) at the Inter-American
Institute of Agricultural Sciences developed a methodology for determining
potential land use based upon such variables as soil, topography, drainage,
climate, size of area, transportation, market influences, ownership pattern,
and other related sociological factors. In the study on El Salvador by
Gonzales (1968), the establishment of reserves, parks and protection areas
was recommended as part of overall development for agriculture and forestry.
In Canada, land classification has been highly developed in which different
types of conservation, recreation, and wildlife zones can be evaluated as part
of a general program for land-use development (Brown 1967; Hills 1961;
Lacate in this volume).
Multi-disciplinary and Comprehensive Methods
In most Latin American countries, national or regional planning bodies
have been established with the purpose of carrying out comprehensive
analysis and planning of entire regions and nations. These studies review
such resources as minerals, timber, and soils, as well as possibilities and prob
lems for urbanisation, industrialisation, and navigation, along with the many
related social aspects such as agrarian reform. These bodies often have
responsibility for the co-ordination of the national or local budgets, and
therefore play an important role in the ultimate allocation of land in the
immediate future.
Since 1945, different methods for comprehensive planning have been

36

Nature Conservation in the Pacific

advocated. In all cases, however, there has been an element of multi
disciplinary and integrated action by professionals and specialists from the
many fields related to the problem. Whereas the land-use methods mentioned
deal primarily with specific sectors, such as agriculture, and thereby work
with a somewhat restricted set of factors, the multi-disciplinary or compre
hensive methods face the difficulty of providing an adequate overview of the
area under study, of reviewing all the opportunities and problems deserving
consideration, and of having the boldness to take into consideration those
factors like nature conservation which may not be quantified at present, but
do play an important role in the local and world community.
At the Inter-American Institute already mentioned, it was found that
postgraduate professionals from various disciplines, and from both regions,
were very interested in gaining an overall view of the planning problem.
They felt a need for a more generalist approach to resource analysis to
distinguish more clearly among all possible combinations of costs and benefits.
An annual field trip was carried out for the purpose of evaluating selected
rural areas where resources such as timber, agriculture, livestock, water, and
tourism, and the related infrastructure and urban facilities, could be studied.
While the unquantified items such as nature conservation could not always
receive rigorous analysis and evaluation, the multi-disciplinary team approach
did insure exhaustive discussion and consideration of the problems and
opportunities.
The Organization of American States (OAS) has been carrying out
comprehensive survey and evaluation studies of natural resources in Latin
America. The study on the Dominican Republic included programs for the
conservation of forests, soil and water, and proposed several national parks,
forests and natural scenic areas (Union Panamericana 1967).
Integrated planning has been carried out in North America by govern
mental agencies, private institutions and universities. Most of the recent
studies, including those of the Delaware River Basin and several of the
Tennessee Valley Authority, place some degree of importance on conserva
tion of specific lands within the area being planned. Most conservation
aspects are treated, however, in terms of recreation, watershed management
and erosion control only.
F U T U R E TR EN D S

Increased concern for quality of life, linked with the establishment of an
ever-widening network of land dedicated for nature conservation purposes,
based on ad hoc assessments, is likely to be a dominating factor in future
evaluation studies in North America. Multiple use with a heavy emphasis on
conservational aspects will be a fundamental consideration to achieve these
objectives.
In Latin America three important trends may be visualised:
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1 With the rapid shrinking of natural areas, resulting in the depletion
and extinction not only of certain animals and plants, as witnessed by the
IUCN Red Data Books, but of entire plant associations, the interest of the
whole world, particularly the scientific community, is expected to lead to
much stronger action to save and protect representative samples.
Hopefully, the ad hoc approach should be replaced by more systematic
surveys. Since it is unrealistic to expect that most Latin American countries
will provide funds for this purpose, the major input will have to come from
inter-governmental and non-governmental organisations. UNESCO’s Man
and the Biosphere program and FAO’s Chilean-ba6ed program, each with
very different objectives, are likely to increase activities in land evaluation
for nature conservation. Other governmental and non-governmental organi
sations, in particular WWF and IUCN, will doubtless increase their activities
through specifically short-term, action-oriented intervention to complement
the impact of inter-governmental actions.
2 Better utilisation and proper management of the land set aside for
nature conservation and for the enjoyment of the general public, inter
national tourism and scientific and educational purposes are likely to in
crease considerably. The highly successful example of Kenya and its system
of national parks, where international tourism is the principal source of
income, and the smaller scale but no less successful example of Costa Rica,
where scientific and educational tourism based on natural resources has
proved to be important economically, are likely to trigger important and
similarly oriented developments in other countries.
3 The setting up of policies and action programs as soon as possible as a
deterrent to the exponential destruction of natural areas by increasing
populations and their impact on resources. It is a race against time, where a
concerted effort (in particular, through pressure from the scientific com
munity) should lead to properly co-ordinated crash programs, based on a
combination of appeals that best suit each individual country of Latin
America.
In this endeavour much hope is placed on the current interest in conser
vation which we hope will become a political issue. It will certainly be
discussed in Stockholm during the 1972 UN Conference on the Human
Environment, where different conservation action-oriented projects, such as
a convention on natural areas that qualify for world heritage, ratification
and extension of the wetlands convention, and other items, are likely to
influence land evaluation for conservation purposes and direct more technical
assistance for such purposes.
May we conclude by emphasising that much more involvement and guid
ance from the world scientific community are necessary to influence decision
makers, so that they may properly evaluate land, which will, in turn, lead to
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a world network of representative and sometimes unique examples of eco
systems and biological forms.
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4- T echniques for Selecting and
A llocating L an d for N atu re
C onservation in A ustralia

L. J. W E B B , J. G. T R A C E Y , J. K I K K A W A
and

W. T. W I L L I A M S

N atural communities already reserved within Australia and New Guinea
were generally considered to have no or little value for agricultural or
pastoral development, and the land was originally selected, with few excep
tions, because of its tourist appeal and accessibility, e.g. waterfalls, rugged
mountain scenery. Such land also generally had a low potential for com
mercial forestry. Despite the grossly inadequate coverage of natural eco
systems, and the parks’ variations in scientific interest, tourist attraction,
security of tenure, administration and management (Australian Academy of
Science 1968), the early system of national parks has been valuable for
nature conservation.
National parks and reserves selected specifically to preserve characteristic
natural plant communities were largely neglected until the pioneering survey
in South Australia by Specht and Cleland (1961, 1963). Several earlier
attempts had described specific ecosystems but deal cursorily with the fauna,
while emphasising plants, soils and topography (e.g. Costin 1954, Coaldrake
1961), so that a total biological view of the natural environment has been
slow to emerge. Zoologists such as Frith and co-workers (for references see,
for example, Braithwaite and Frith 1969), Main (1968) and Main and
Yadav (1971) have contributed substantially to the physiological and
ecological basis of management of wildlife populations of economic import
ance.
The Committee on National Parks and Nature Reserves set up by the
Australian Academy of Science organised sub-committees in the various
states to report on the problems and status of national parks; the most
comprehensive report was prepared for Western Australia (Australian Acad
emy of Science 1965). The state reports served as a basis for a general report
by the Academy Committee (Ibid. 1968), which emphasised the urgent need
for an inventory of Australian fauna and flora associated with different
land types, and recommended the early dedication of adequate parks and
reserves, especially in the arid zone, along the eastern coastline, and in the
marine environments of Australia.
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The method employed by Specht and Cleland (1961, 1963) dealt only
with higher plant species and vegetation formations. The technique was
later applied to Victoria (Frankenberg 1971) and has influenced the assess
ment of vegetation types reserved in the various Australian states by the
International Biological Program’s (IBP) Committee on the Conservation
of Terrestrial Communities (CT). The classification follows the structural
forms proposed by Specht (1970), and incorporates floristic criteria, usually
at the alliance level. The results are being compiled as lists of the important
plant alliances recognised by ad hoc committees of botanists and others in
each state, and will be used as the basis for recommendations by the IBP
Committee for future reserves in Australia (Australian Academy of Science
1968). It is unfortunate that most of these lists of floristic alliances have
generally not been derived from systematic ecological surveys for the pur
pose of reservation, although it may be argued that the situation is so urgent
that expediency is preferable to informed but belated campaigns in the
future (Webb 1966).
A method of classification and identification of communities in Queens
land has developed from structural and ecological analysis of rainforest
vegetation (Webb 1959, 1968) and this has been applied to wildlife habitats
(Kikkawa and Webb 1967). This method would appear to be particularly
appropriate for ecosystems such as rainforest, for which floristic data are
incomplete, as in New Guinea. In New Guinea, conservation policy is poorly
developed at the administrative level, there is no large conservation area or
national park, and the complicated land-tenure system renders it difficult to
allocate land to preserve representative habitats and landscapes (SchultzeWestrum 1971). The current interest in mining and logging, the projected
wood-chipping industry, the accelerated clearing of forests for agricultural
and pastoral development, and the increasing availability of shot-guns among
the meat-protein hungry indigenous people all pose serious threats to the
integrity of the important ecosystems which still remain in many parts.
TH E PROBLEM OF HABITAT AND NICHE DESCRIPTION

If ecological patterns of fauna distribution could be established within
broad zoogeographical zones, and if niche-occupation patterns could be
defined within each site, a firm basis would be laid for selecting representa
tive reserves to preserve habitats, and for management of the habitats in
terms of the requirements of the animal species. This undertaking, as Elton
(1966) pointed out, is difficult even in well-known temperate vegetation,
and presents extremely complex problems in tropical and sub-tropical rain
forest vegetation. The problem may, however, be simplified by tackling it in
several progressive steps, and the results integrated at the end.
Here we shall restrict our attention to the more formal biological problems
of habitat classification of tropical rainforest areas, and shall describe the
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results of pilot surveys to relate the vegetation communities recognised by
plant ecologists to the distribution and abundance of wildlife, using birds as
a convenient indicator of fauna. Birds were used as a model for other forms
of wildlife for the following reasons: birds form part of wildlife; they are
taxonomically best known; estimates of their numbers are more reliable than
those of other forms; they represent a wide range of higher trophic levels
and thus reflect community organisation; they are sensitive to changes in
environment; therefore the classification based on their distribution and
diversity is most likely to produce habitat systems also applicable to other
forms of wildlife; they are easier to see than other wildlife. It would also be
desirable to know how the structural, floristic, and micro-environmental
features used in the classification of habitat are related to the nicheoccupation patterns of birds.
Compared with most temperate forests, the forests of the tropics and
sub-tropics have special features which present difficulties in the classification
and identification of wildlife habitat: the floristic complexity; complex
trophic relations produced by co-evolution of plants and animals in long
stable tropical forests, including those involving pollination and seed dispersal
of many plant species, which often occur independently of floristic and
physiognomic-structural features used in classification; rarity of structural
uniformity in tropical forests, the distribution of animals not necessarily
matching mosaic patterns produced by vegetation in response to local
edaphic and topographic factors; and the probabilistic occurrence (within a
determinate ecological context, regionally or locally) of plant species which
are ecologically vicarious, but which may not have the same niche-occupation
relationship to animals means, in addition to seasonal changes in niche,
long-term changes in niche pattern.
Recent studies in north-eastern Australia have shown that the structural
types of rainforest vegetation can be defined intuitively by reference to a
small number of structural features, and arranged along gradients of some
primary ecological factor such as temperature, rainfall, soil nutrients or soil
drainage (Webb 1959, 1968). Within the wet tropical lowlands of Queens
land, avian habitats were broadly correlated with structural types of forest
arranged along gradients of soil drainage, solonisation and nutrient avail
ability (Webb 1966, Kikkawa and Webb 1967). Structural components
alone were inadequate, however, for precise definition of avian habitats, and
it is necessary to add information about seasonal abundance of certain flower
ing and fruit-bearing tree species, and the types of ground cover and micro
topography (Kikkawa 1968). The application of numerical methods to
problems of classification in rainforest, particularly the comparison of the
properties of floristic and structural data in relation to their efficiency in
producing classifications for use in ecology (Webb et al. 1970), now provides
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a basis for extending the investigation to causal relationships between
wildlife and vegetation.
We have shown that an acceptable classification of tropical rainforest
vegetation, in terms of broad environmental factors, can be obtained from
a restricted set of physiognomic-structural features noted on a pro forma
(computer-questionnaire) which is then subjected to numerical analysis. A
somewhat superior classification of vegetation types and sites is obtained by
the use of floristic data from twenty-five canopy (nearest-neighbour) trees,
preferably in duplicate, at each site, but this method is limited in application
because of the time involved and the difficulty of securing botanical identi
fications in some areas. If, however, a minimum number of physiognomicstructural features of the vegetation and the environment that are relevant
to avian habitat is selected, and botanical features (such as availability of
nectariferous flowers or succulent fruits known to be sources of food) are
added, it may be possible to identify the most significant components of the
forest without resort to extensive taxonomic studies.
The initial problem is the selection of biologically significant features, the
validity of which can only be checked a posteriori by matching the two sets
of classification, one based on the distribution of bird species, the other based
on the components of the habitat. In this way it may be possible to define
more precisely the niche breadths of bird species in terms of multi
dimensional component vectors. It is therefore necessary to design an exten
sive pro forma, including components considered from experience to be of
possible significance, and subject it to empirical test by a variety of numerical
techniques. It should then be possible to refine the pro forma to a small set
of relevant attributes, as has been done in the conventional classification of
rainforest vegetation.
STUDY AREA

Fifty sites representing a wide range of predominantly rainforest vegetation
were selected in mainly coastal north-eastern Australia (approximate latitude
i i -29°S). The rainforest sites covered all the structural types of the wet
and dry tropics and sub-tropics listed by Webb (1968, p. 299) with the
exception of the forests dominated by palms. In addition, the sites occupied
by sclerophyll vegetation included heath, layered forest, grassy woodland,
open scrub and mangroves as defined by Specht (1970). The soils were
highly variable, ranging from well-structured clays of basaltic origin through
lateritic lithosols to podzolics and solodics with impeded drainage. The sites
were therefore an extremely heterogeneous set.
METHODS OF DATA COLLECTION

A very detailed pro forma was devised after a series of trials in the field
in different habitats, to record information about the physical environment
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and structural and floristic components of each site. The components
recorded were selected on the basis of experience of the requirements of
birds for breeding (nesting sites, cover, food supply for young), and for
survival in the non-breeding season (food supply, cover). Following the code
T able i.

Classification of Niche Occupations by Tropical Land Birds (based on
feeding and nesting habits)

i

Insectivorous species which normally feed in trees and shrubs but may also feed on the
ground or in the air, and which nest in trees, shrubs or human artefacts
1a Species that habitually accompany army ants
2 Tree-nesting herbivorous species which normally feed on nectar, flower, fruit, leaves,
etc., in trees and may also feed on fruit, etc., on the ground
3 Tree-nesting omnivorous species which normally feed on nectar, fruit, insects, spiders,
etc., in trees and may also feed on the ground or in the air
3a Species that are insectivorous or omnivorous during the breeding season but feed
exclusively or nearly exclusively on fruit and/or seed during the non-breeding period
4 Small predators and scavengers including large omnivorous species which normally
feed on the ground or in trees and nest in trees, banks, termite mounds
5 Mainly insectivorous species which feed on the ground or among grass and nest in trees,
shrubs or grass
6 Mainly herbivorous species which feed on the ground or grass
7 Ground-feeding species, either insectivorous or herbivorous, which nest on the ground
7a Species smaller than House Sparrow
7b Species of the size range between House Sparrow and Rock Pigeon
7c Species larger than Rock Pigeon
8 Diurnal and nocturnal aerial-feeding species which nest in trees or on the ground
9 Large diurnal and nocturnal predators and scavengers which nest in trees
i o Parasitic breeders
10a Omnivorous parasitic breeders

on a master sheet, the features observed in the field were entered directly in
five rows for each site on a computer data sheet, as follows:
Row I : Physical features of the site
Row II: Vegetation: type and distribution of cover
Row III: Vegetation: types of leaves, crown shape, branching, etc.
Row IV: Vegetation: features of tree trunks, abundance and type of
plant resources (fruits, nectariferous flowers, etc.)
Row V : Floristics: spot list of plant species at the site
The occurrence of bird species during the breeding season was noted
separately, and the niche-occupation pattern classified according to the
categories in Table I, which follows Kikkawa and Webb (1967) and
Kikkawa and Williams (1971).
M E T H O D S OF A N A L Y S IS

Three aspects require attention: these are the treatment of the presenceor-absence data for birds or plant species; the corresponding treatment of
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the pro forma records; and the comparison of the bird results with those
from the floristic or pro forma results.
1 Presence-or-absence data: for an ordination of sites on such data it is
best to operate on the inter-site correlation coefficients calculated over all
bird or plant species (Webb et al. 1967; Noy-Meir 1970). These coefficients
can then be ordinated by the ‘principal co-ordinate analysis’ of Gower (1966,
1967). The co-ordinates of all points (i.e. sites) on a given Euclidean axis
appear as a latent vector from the Gower matrix, the successive axes
accounting for successively smaller proportions of the total inter-site infor
mation. We shall refer to such a string of values, one from each site, as a
‘bird vector’ or ‘floristic vector’ as the case may be; we have worked with
the first five vectors in each case.
2 Pro forma data: unfortunately, the design of the pro forma proved
unsuitable for processing by standard numerical methods. Many of the
attributes represent a mixture of ordered and unordered multistates; since
for rigorous treatment these require quite distinct algorithms, an attribute
which encompasses both is numerically intractable. Because of these short
comings, a relatively crude method of site-comparison was all that could be
attempted.
Sites were compared in all possible pairs by calculating a simple ‘matching
coefficient’; an attribute-comparison was given a score of o if the two sites
were in the same state, 1 if they were in different states; the resulting
accumulated score was averaged over all those cases for which both attributes
had been recorded. The resulting matrix of inter-site matching coefficients
was again ordinated by principal co-ordinate analysis. In view of the large
amount of information in the pro forma, it was decided to make independent
comparisons for each of the sections.
3 Comparison techniques: we now possess, on the one hand, a set of five
bird vectors; and, on the other, five such sets of vectors covering the floristic
data and the four major sections of the pro forma. The requirement is to
compare the bird vectors with each of the other five sets in order to ascertain
the nature of the closest possible correspondence between the bird data and
the floristic or pro forma data. This is the province of canonical analysis;
and the advantage of comparing vectors rather than raw data is that the
normally complex procedure of canonical analysis is then much simplified
(Williams and Lance 1968; Webb et al. 1971).
The result issues as a set of canonical vectors which successively define
the closest possible cross-correlation in terms of the original vectors on the
two sides of the comparison; it is now necessary to express these in their turn
as functions of the raw data, since we require to know which attributes are
mainly responsible for the correlations obtained. For the bird and floristic
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data there is again no difficulty; a simple procedure of back-correlation
exists which enables the desired information to be found directly. We shall
consider only those correlation coefficients with an absolute value of equal to
or not less than 0.5. For the pro forma data it was again necessary to devise
a cruder ad hoc method. Each element of a given pro forma vector corres
ponds to a single site, and thus to a single state of any given multistate
attribute. For every attribute the mean of the element values was calculated
for each state, and the inter-state variance used as a measure of comparison ;
a high inter-state variance is taken to imply a high degree of correspondence
with the attribute in question. The method is numerically weak, but its
improvement must rest on redesign of the pro forma.
RESU LTS

We shall consider the comparisons in turn by the pro forma rows. Only
the first two vectors will be considered in each case; the canonical correlation
coefficient for each comparison is included.
Row /, Physical Features of the Site
Vector i : coeff. 0.889. The birds associated with the top of the vector are
strictly rainforest species in southern Queensland e.g. brown pigeon (Macropygia phasianella), large-billed scrub-wren (Sericornis magnirostris), eastern
whipbird (Psophodes olivaceus), catbird (Ailuroedus crassirostris), and
rufous fantail (Rhipidura ruffrons). The pale yellow robin (Tregellasia
capito) and wompoo pigeon (Megaloprepia magnifica) were in residual
groups in northern New South Wales sites (see Table 1 of Kikkawa 1968)
because they were rare in those sites, although strictly rainforest species, and
included in the present association. The crimson rosella (Platycercus elegans)
is the only species with an ecological range extending to dry sclerophyll
forest (western slopes of tablelands in northern New South Wales), but is
absent from such habitats in Queensland. The birds at the bottom of the
vector e.g. rufous whistler (Pachycephala rufventris) and red-backed wren
(Malurus melanocephalus) are widely distributed semi-arid species.
Physical features of the site which accompany the ordination at the top
end of the vector include leaf-litter accumulation, moist well-structured clay
soils, scattered logs and absence of fire damage, all of which are character
istic features of complex humid sub-tropical rainforest. Site features at the
other end of the vector include gravelly and stony dry soils, semi-permanent
freshwater or tidal zones, and absence of snail shells and medium logs; these
are associated with semi-arid and open woodlands.
Vector 2: coefF. 0.647. The bird species associated with the top of the
vector typically belong to the monsoon forests of Cape York Peninsula,
although some extend their range to the north Queensland rainforests near
Cairns. A similar zoogeographical pattern is discussed by Kikkawa and
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Pearse (1969). Accompanying physical features include semi-permanent or
permanent saline swamps, tidal zones, creeks and gullies, and abundant
small holes in many of the fallen logs. These features characterise the
monsoon forest environment; they are rare or absent at the other end of the
vector which is associated with widely distributed birds of dry open wood
lands.
Row II, Vegetation Cover
Vector i : coeff. 0.770. The birds associated with the top end of the vector
belong to complex humid rainforest of north and south Queensland, but
not Cape York Peninsula, and the niche occupation is definitely biased
towards fruit-eating. Many of the bird species are shared with vector 1 of
Row I. The scrub fowl (Megapodius reinwardt) and grey swiftlet (Collocalia
francica) are the only two restricted to north Queensland. The birds at the
bottom of the vector are similar to those in Row I, i.e. widely distributed
semi-arid species.
Vegetation features which accompany the rainforest birds include robust
woody lianes, orchids and strap-leaf plants, mosses and lichens on ground
and rocks, densely spaced tree trunks, and the absence of grasses, sedges and
rushes. By contrast, vegetation features of the semi-arid end include decidu
ous trees and annual or perennial herbs.
Vector 2: coeff. 0.599. The birds associated with the bottom end of the
vector are an interesting group with species bordering sclerophyll forests of a
cooler, moister type in southern Queensland and north Queensland table
lands (cf. Table 1 in Kikkawa 1968). The vegetation features which
accompany them are variable (e.g. foliage density). Lianes, succulent herbs,
deciduous trees and grasses are uncommon, but logs, dead trees and ferns
and mosses are well represented. At the top end of this vector, there is a
small group of bird species characteristic of inland grassy woodlands.
Row III, Vegetation (Leaf Features)
Vector i : coeff. 0.834. The birds associated with the top end of the vector
are all characteristic of complex humid rainforests of north Queensland
(both tableland and lowland), although all but one (scrub fowl) occur in
southern Queensland. Many are fruit-eaters and ground birds. None of the
typical species of Cape York Peninsula is included. The list, in fact, closely
resembles that of vector 1 for Rows I and II. As with the latter, the birds
at the bottom end are semi-arid species.
Vegetation features accompanying the rainforest birds include a low order
of branching and crown extension greater than half for shrubs and small
trees; some prominence of cylindrical and conical crown shapes of low shrubs
and tree seedlings; predominantly wide laminate leaves; and the crown
extension of the tall trees is mostly not the upper third of the tree height.
By contrast, for the semi-arid bird species, the crown extension of trees is
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mostly upper third of the stem, laminate leaves tend to be hard and mem
branous, and a high order of branching is better developed.
Vector 2: coeff. 0.708. The birds associated with the top end of the vector
are, with the exception of the willie wagtail (Rhipidura leucophrys), all
arid (not semi-arid) adapted species, and include the galah (Cacatua roseicapilla), zebra finch (Taeniopygia guttata), fork-tailed kite (Milvus
migrans), cockatiel (Leptolophus hollandicus), and spotted harrier (Circus
assimilis). Vegetation features include bushy trees and shrubs with crowns
extending to near base of stems. The birds are characteristic of the arid
region south of the Gulf of Carpentaria.
Row IV, Vegetation (Tree Trunk Features and Plant Resources)
Vector i : coeff. 0.914. As with the other rows, the birds associated with the
top end of the vector all belong to complex rainforests of the sub-tropics
(tablelands and lowlands) and tropics (tablelands but not characteristic of
lowlands). Birds at the bottom end of the vector are semi-arid adapted.
Vegetation features accompanying the rainforest bird species include abun
dance of plant buttresses, palms, banyan figs, succulent mature fruits,
epiphytes, low shrubs and wire lianes, and finely-textured but not flaky nor
coarsely-textured barks.
Vector 2: coeff. 0.542. The birds associated with the top of the vector
are definitely a community belonging to Cape York Peninsula monsoon
forests. There is not a single species which occurs in north Queensland
(Cairns region from Mossman to Cardwell) in the list, which includes the
magnificent rifle bird (Ptiloris magnificus), tawny-breasted honeyeater (Meliphaga chrysotis), manucode (Phonygammus keraudreni), yellow-billed king
fisher (Syma torotoro), white-faced robin (Tregellasia leucops), red-sided
parrot (Lorius pectoralis) and little scrub wren (Sericornis minimus).
Vegetation features associated with these monsoon forest birds include
abundant woody lianes, large epiphytes, succulent mature fruits on ground,
flaky and coarse-textured barks, tree trunks with fluffy climbers and mosses,
and a well-developed ground cover with roots. At the bottom end of the
vector, the grey fantail (Rhipidura fuliginosa) has a wide distribution in
both wet and semi-arid habitats.
Row V, Floristics
Vector i : coeff. 0.956. The birds associated with the top end of the vector
are almost identical with those in Rows I, II and IV, as are the birds at the
bottom end of the vector. It is of interest that floristics and vegetation
features match so well (cf. Webb et al. 1970).
Vector 2: coeff. 0.933. At the top end of the vector are birds of the Cape
York Peninsula monsoon forests and the north Queensland lowland rain
forests, but the birds at the bottom end of the vector also characterise
rainforest habitats.
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TH E PATTERN OF NICHE OCCUPATION

For each comparison, the niche occupation (for types, see Table i) was
examined for all bird species for which the absolute value of the correlation
was 0.5 or above. The niche occupation pattern for each comparison is shown
diagrammatically in Figures 1 and 2. The similarity of the pattern for Rows
I-V in vector 1 (top), and to a less extent for vector 2 (bottom) parallels
the similarity of the associations of birds in these different habitats and
zoogeographical zones.
At the bottom of vector 1, the patterns for semi-arid birds are somewhat
variable, e.g. niche type 9 (large diurnal and nocturnal predators) does not
occur in Row V (floristics), but the proportion of these bird species is
similar for all other rows, indicating the irrelevance of botanical composition
for this type. The proportions of the other niche types are, however, similar
in most of the rows.
The patterns for vector 2 are rather erratic, and the proportions of birds
in the different niche categories are more loosely related to the different
features of Rows I-V. At the top of vector 2, the proportion of tree-nesting
insectivorous species (niche type 1) is most similar for floristics (Row V)
and physical features (Row I), or for leaf (Row III) and tree-trunk features
(Row IV ), but not for vegetation cover (Row II).
At the bottom of vector 2, there is some similarity in the patterns reflected
by features of physical environment (Row I), vegetation cover (Row II),
and floristics (Row V ). The similarity of the niche-occupation patterns for
these rows does not, however, match their close similarity in bird associations.
The differences are presumably related to the different significance for niche
occupation of features in the monsoon forest, arid, and cool-moist habitats.
DISCUSSION

The distribution of the bird species in vector 1 of the ordination of attri
butes for the five sections primarily reflects rainforest versus non-rainforest
habitats, and for vector 2 tends to separate the monsoon forest and aridadapted types. The usefulness of the vegetation features, as well as the
physical site factors, suggests that physiognomic-structural attributes should
be studied further. They may, in fact, prove to be more satisfactory than
floristics, where interpretation requires inspection of a large number of plant
species along the vector, in contrast to a limited number of significant
structural and environmental attributes which show such high correlations.
There is some evidence that structural features, acting as orienting stimuli
for animals, may play a role in habitat selection and niche occupation
because animals ‘function as morphologists rather than taxonomists’ (Sexton
et al. 1964), and this would also apply to the quantity and quality of food
resources.
In spite of the relatively weak numerical method used for the analysis of
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the pro forma data, there are striking similarities of associations of birds
between the Rows I-IV for structural and environmental features, and
between these and Row V for floristics, which was subjected to a more
rigorous analysis. Moreover, vector i and vector 2 separated the ecological
and the biogeographical trends in every case. Thus the results are extremely
encouraging, not only for the classification of habitat types, but also for the
causal analysis of distribution.
The consistency of results for vector 1 in the niche occupation patterns
(Figures 1 and 2) raises the possibility of grouping measured structural
components of the habitat to define the niche breadth for each bird species.
These groupings could then be used to produce various synthetic patterns of
niche occupation (irrespective of conventional taxonomic or ecological pat
terns) characteristic of particular bird species. Such patterns may well reveal
casual relationships, and thus a more realistic classification of habitat types.
The quantitative data are already available in the completed pro forma.
Further studies will be undertaken, using a modified pro forma in which
the field data are rearranged in a form suitable for more direct analysis to
define niche dimensions of birds, and to discover which combinations of
habitat components, with appropriate weightings for importance order,
produce a classification of habitat systems which is best matched by the
ecological distribution and diversity of bird species.
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5- Further Case Studies in Selecting and
Allocating Land for Nature
Conservation

New South Wales

d.

F. M c M i C H A E L

T h e allocation of land for nature conservation in Australia is the responsi

bility of the state governments, and only in the case of the Australian Terri
tories, the Commonwealth government. In New South Wales, the National
Parks and Wildlife Service (NPWS) was created by the state government in
1967 to assume responsibility for the establishment and management of land
reserved for nature conservation, and for the management of wildlife,
historic sites and Aboriginal relics generally. Currently there are eighteen
national parks (1,070,032 hectares), seven state parks (10,996 hectares) and
seventy-seven nature reserves (228,879 hectares) throughout the state,
ranging from some very small nature reserves of a few hectares set aside for
the protection of particular species or breeding sites, to Kosciusko National
Park of 611,881 hectares which includes all the alpine and sub-alpine land
above 1,676 metres in the state. The total of about 1,300,000 hectares
represents about 1.7 per cent of the area of New South Wales. Before 1967,
parks and reserves were established by the Department of Lands on a
haphazard basis, usually as the result of submissions from nature conservation
societies and the former Fauna Protection Panel, and then only if no other
significant form of land use had been found for the land in question.
The NPWS has commenced a systematic survey of the lands which might
be suitable for nature conservation and is rapidly increasing the number
and size of parks and reserves, having added 710,370 hectares to the system
during the last five years. The following procedures have been adopted:
1 A Parks and Reserves Scientific Committee was established to advise on
the optimum sample of the various ecosystems throughout the state which
should be reserved for scientific purposes from those lands still essentially in
the natural state, or capable of being restored to something approximating
the natural state. This Committee has recently completed a broad survey
of the whole state, which included a rather more detailed consideration of
the coastal sector.
2 The National Parks and Wildlife Service also receives recommendations
from various nature conservation bodies, and from other government
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Figure 3. National Parks and Reserves in New South Wales.
agencies and from its own field staff, for the reservation of lands for nature
conservation
3 The Resources Division of the Service takes the following steps on any
such recommendations:
a) The area is investigated by qualified officers of the Service (biologists
and geographers) who make an initial assessment of the worth of the
proposal and establish possible boundaries on a map.
b) The area selected (if suitable) is notified to the District Surveyor of
the Lands Department, in order that any Crown lands affected will not
be disposed of without reference to the Service.
c) The area is referred to other government land-use agencies, including
the Lands Department, the Mines Department, the Forestry Commission
of NSW, the State Planning Authority, the local government body respon
sible for the area, and any other relevant authorities (e.g. the Water
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Conservation and Irrigation Commission, State Fisheries Branch and
Western Lands Commission, as may be appropriate).
d) Detailed investigation of the area, with special reference to the flora
and fauna, geography and geomorphology, and recreational potential, as
well as tenure and status of the land, is undertaken.
e) The proposal is discussed with any authority who may object to the
reservation of the land in question, in order to reconcile any conflicting
interests. Reconciliation may include modification of boundaries, special
agreements on particular needs (such as guaranteed access for fishing
purposes; a limit on the depth of the reservation to permit subsurface
mining; or provision for certain essential works to proceed following
reservation, under licence from the Service).
f) If apparently irreconcilable conflicts arise, the proposal may be aban
doned, subjected to joint inspection and subsequent compromise, or sub
mitted for decision to the Ministers of State concerned as to which land
use should have priority.
g) If the majority of other authorities agree with the proposal, valuation
of any lands which would need to be acquired (either by purchase with
consent of the owner, wflthdraw'al of leases, or resumption) is undertaken,
and with ministerial approval, the necessary acquisition steps are com
menced. Land is purchased or compensation paid from the National Parks
and Wildlife Fund which receives annual grants from the state Treasury.
Recently a National Parks and Wildlife Foundation has been established
to raise funds from private sources to supplement the moneys available
to the Service for land acquisition and development.
h) A decision is then made as to the type of reservation for which the
land is best suited. Where recreational values predominate, the area is
reserved as a national park (greater than 4,000 hectares) or a state park
(less than 4,000 hectares) ; where wildlife conservation values predominate,
the area is reserved as a nature reserve.
i) The proposal is then submitted to the Minister for approval to the
necessary reservation action. Once reserved, the lands may be revoked
only by Act of Parliament.
Currently about 800,000 hectares of land are under consideration for
parks and reserves. These lands cover the whole state, though the majority
are in the coastal strip and the Great Dividing Range. Generally strong
support has been received from both the government and other land-use
agencies for the reservation of an adequate system of parks and reserves.
There have been some irreconcilable conflicts of interest, but these have
been relatively few. In addition to new park proposals, lands may be added
to existing national and state parks and nature reserves. Somewhat similar
procedures are adopted, but many of these additions are initiated by the
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Service following investigations of existing boundaries, with the aim of
rationalising them to permit more satisfactory management.
The present situation is that approximately 5 per cent of the land along
the coast of New South Wales as far west as the Great Dividing Range is
securely reserved. The greatest deficiency is in the western division of the
state where only about 0.13 per cent of the land is so reserved. It is hoped
to increase this to about 1 per cent within the near future.
In addition to these securely reserved lands, there is an extensive system
of privately-owned and Crown lands, proclaimed and gazetted as wildlife
refuges. These are multiple-use lands, generally farming or grazing properties
whose owners have voluntarily entered into agreement with the National
Parks and Wildlife Service to maintain at least a portion of their properties in
a natural condition suitable for wildlife. There are now about 1,220,000
hectares of land so proclaimed, of which as much as one-third would be
left in its natural condition, and on which no hunting of wildlife is permitted.
The techniques used by the Service in its negotiations with other authori
ties or with private owners, to reach agreement that the land in question
should be allocated for nature conservation, are diverse. First and most
important is the assembly of data on the flora and fauna of the area in
question. Without strong data on the scientific values of the proposal, the
Service would be at a considerable disadvantage. The increasing concern
expressed by many Australians for the secure preservation of an adequate
sample of the native species of plants and animals gives political strength to
collection of data on the contained organisms. Second in value is the
demonstration of the recreational values of the area. In many cases,
especially on the coast, these are self evident. There is, however, need for
more specific information on the economic advantages flowing to nearby
communities from national parks, and for more precise information on the
recreational requirements and behaviour of park users in order to support
these arguments. The Service is undertaking some research in this field, and
is encouraging others to do so as well.
The value of the work of the Scientific Committee on Parks and Reserves
in establishing a scientific basis for the nature conservation program cannot
be over-emphasised. The involvement of independent scientists, including
geologists from the Department of Mines (a competing land-use authority)
gives to the recommendations of the Scientific Committee an impartiality
which cannot be achieved by either the Service itself or by the amateur
nature conservation bodies. Most of the work of the Committee has been of
a fairly superficial nature—based on brief field surveys and the accumulated
knowledge of the Committee members. Some attention has been paid in
recent years to more detailed studies of particular floras, faunas or areas and
it is expected that the Committee will now turn its attention to developing
case studies of specific areas which are considered to be of special significance.
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V.

j.

KRAJINA

I shall describe here the techniques successfully applied in British Columbia
to the allocation of land for nature conservation purposes. The requirements
for nature conservation are urgent, especially in the tropics. Already, some
types of ecosystem have been lost forever and their organisms have become
extinct.
The nature conservation (ecological reserves) program and the creation
of a favourable environment for its promotion in British Columbia is a
complicated operation with scientific, public and political aspects. These
aspects need to be harmonised, as has indeed been done in British Columbia,
if a nature conservation program is to be successful.
SC IEN TIFIC A SP E C T S

The major scientific aspects of nature conservation in British Columbia
may be summarised as:
1 Outdoor laboratories for biologists, foresters, agriculturalists, wildlife
specialists, soil scientists, biochemists, microclimatologists, geomorphologists
and workers in other disciplines whose research may serve the dual purposes
of pure science and resource management.
2 Conservation of all kinds of natural environmental conditions imperative
for survival and maintenance of large and heterogeneous gene pools of
different natural organisms. This is particularly necessary in a world whose
current tendencies are to simplify, modify and destroy all that is not
immediately useful to man. The diversity of life in natural land units is a
national and international treasury which should remain available forever.
3 Outdoor classrooms for the education and aesthetic appreciation of the
increasing numbers of people who consider primaeval landscapes and their
biota a cultural heritage which should not be completely alienated from
them.
4 Samples of vegetation and its fauna as benchmarks against which to
gauge land-management, practices dealing with soil fertility, water yield,
biomass production, energy flow and biogeochemical cycling.
Equipped with these scientific reasons for nature conservation, we who
were concerned in the program for the location of future ecological reserves
approached the Minister of Lands, Forests and Water Resources in 1965 and
received from him and other members of the provincial government co
operation which has broadened and deepened yearly since we started. These
locations must be backed by a convincing general scheme, based on simple
biological principles. The scientific approach, dealing with the potential
location of ecological reserves, was accomplished by a study carried out at
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the University of British Columbia over the last twenty years of two types
of synecological integration: biogeoclimatic units and plant associations.
1 Biogeoclimatic units: every part of the earth’s biosphere has its general
macroclimate which is more or less unchanged in the short time of a human
life and could be considered as constant. There are certain regional eco
systems which we called biogeoclimatic zones (Krajina 1965, 1969), the
vegetation and soil of which are primarily products of the macroclimate in
which they occur. These ecosystems are, therefore, characteristic of a macro
climate which dominates the soil and biotic properties of the system. Thus,
every biogeoclimatic zone is a product of many processes and each has its
own zonal plant association.
Only tree species, which are shade tolerant in mesic habitats in each
biogeoclimatic zone, are able to perpetuate and reproduce continuously in
such an environment. If they become dominant, they should be used for the
name of this zone (e.g. Douglas fir, western hemlock, etc.). In the tropics,
where many species of the same genus or even many genera of the same
family may be represented under such conditions, the names of a genus or of
a typical family (e.g. Dipterocarpaceae) may provide the names of the
zones. In some cases even several families could be applied as the names of
zonal units.
Every biogeoclimatic zone has its lower zonal units (biogeoclimatic sub
zones) and higher zonal units (biogeoclimatic regions and biogeoclimatic
formations) which are unified by similar environmental overtones, especially
in their macroclimates, as well as by physiognomic aspects of their tallest
vegetation.
In British Columbia, geographic area 948,600 square kilometres, eleven
biogeoclimatic zones have been recognised (Krajina 1965, 1969) in seven
regions and four formations. The soils in the province are young, developed
mostly from glacial drift within the last 12,000 years. Thus, the relatively
short time factor is causing much less variation in soils in British Columbia
than it would in the tropics, where soils might also be young (e.g. under
volcanic and river activities) but are usually much older.
2 Plant associations: the second significant type of synecological integra
tion is based on the concept of plant associations (Braun-Blanquet 1932) or
biogeocoenoses (Sukachev 1944). Every biogeoclimatic zone has a range of
different plant associations, the vegetation and soil of which are products
of environmental and evolutionary processes. There are lower units than a
plant association (sub-associations, etc.) and higher units (alliances, orders,
classes) which may be used to describe further aspects of each biogeoclimatic
unit.
As a result of continued graduate student programs at the University of
British Columbia, it is now possible not only to present a basic division of
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British Columbia into eleven biogeoclimatic zones, but also to provide a
fairly accurate assessment of the number of forest associations (130), of
grassland and alpine associations (sixty), and of aquatic—marine, lacustrine,
swampy—habitats (eighty). The total number of different habitats repeat
edly occurring in British Columbia is thus about 270.
It is hoped that three areas of each general habitat and its associated
biota, represented in every zone, will be set aside to ensure a better likelihood
of survival from natural catastrophe (fire, landslides, floods, cyclonic winds,
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etc.). In only one of the three protected areas may the necessary scientific
experimentation be undertaken.
NATIONAL AND PROVINCIAL PARKS IN BRITISH COLUMBIA

British Columbia has five national parks—Mt Revelstoke, Glacier, Yoho,
Kootenay and the recently proclaimed West Coast Park on Vancouver
Island (see Figure 4). Besides these national parks there are 279 (as at
October 1970) provincial parks with a total area of 2,623,784 hectares.
Inside these provincial parks there are seven well protected nature conser
vancy areas:
1 Big Beg (Strathcona Park), 12,058 hectares.
2 Central Strathcona (Strathcona Park), 87,009 hectares.
3 Comox Glacier (Strathcona Park), 23,476 hectares.
4 Eutsuk (Tweedsmuir Park), 254,674 hectares.
5 Murtle Lake (Wells Gray Park), 212,748 hectares.
6 North Garibaldi (Garibaldi Park), 17,819 hectares.
7 Rainbow Mountain (Tweedsmuir Park), 49,332 hectares.
Thus, the total provincial nature conservancy areas cover 657,116 hectares.
In relation to the eleven biogeoclimatic zones recognised for British
Columbia (Krajina 1965), these nature conservancy areas are representative
of three zones only, whereas three other zones are represented only margin
ally. Five other biogeoclimatic zones are not represented at all. However,
even these conservancy areas cannot be considered protected in the strict
sense of ecological nature reserves, because they are open to the public.
ECOLOGICAL RESERVES

To create ecological reserves in British Columbia, an Ecological Reserves
Committee of the Government of British Columbia was established. It is
composed of government officials and interested scientists who will consider
and act on proposals prepared by survey groups. It has been decided to
focus attention on uncommitted Crown lands rather than areas already
under some form of park management.
BRITISH COLUMBIA ECOLOGICAL RESERVES ACT

In February 1969 the Minister of Lands, Forests and Water Resources
informed the legislature that the Government of British Columbia had
embarked on a program of establishing ecological reserves on Crown land.
During the session of the legislature in the spring of 1971 the Ecological
Reserves Act was passed as Chapter 16 of the Statute of British Columbia,
1971. According to this Act the intention of the legislature is to have one
hundred ecological reserves established by the end of 1975. By March,
1972, thirty-three ecological reserves had been created on the basis of
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eighty-seven applications presented to the provincial government by the
Committee.
Any area established as an ecological reserve under this Act is immedi
ately withdrawn and reserved from any further disposition that might
otherwise be granted under the provisions of any Act or law in force in the
province, including dispositions under the Land Act, Forest Act, Grazing
Act, Water Act, Mineral Act, Placer-mining Act, Coal Act, Petroleum and
Natural Gas Act, Water Resources Act, or Mines Rights-of-way Act.
Fifteen advisors to the minister including a number of conservationists
were named and are to advise in any complications that may arise in the
future. British Columbia’s Ecological Reserves Act could well be considered
as a model for other provinces of Canada as well as for other countries.

Micronesia, a Multiple Land-Capability Inventory
Method N. P. K N O T T
The story of man and his frenetic striving for advancement is repeated
throughout world history. It can be summed up in three words: explore,
exploit and exhaust. Micronesia, or the Trust Territory of the Pacific
Islands, composed of the Marshall, Caroline and Mariana Islands, excluding
Guam, contains more than 2,140 islands and about 1,800 square kilometres
of land area which supports about 100,000 people. To some extent this area
has been less exploited and exhausted than larger, consolidated lands.
Since discovery by the rest of the world, commencing with Magellan’s
voyage in 1521, the use of land in Micronesia has been to a greater or lesser
extent determined by non-Micronesian foreign administrations. Lands were
used for the production of agricultural exports. Forests and minerals were
removed for export. Foreign fishing industries were established. Strange
plants and animals were introduced. Foreign uses were made of lands and
resources with little or no participation by the Micronesian people except
as a limited part of the labour force. Environmental and cultural changes
resulting from exploitive land use and exposure to different foreign groups
have limited the uses which can be made of land in some areas and probably
have reduced the biological carrying capacity of the area for people under
existing land-use practices.
The United States administration has differed from previous ones in that
it has not extracted Micronesian resources for non-Micronesian benefit. The
Micronesian people are major participants in all governmental and domestic
functions. Although their lands are of limited quantity and quality there
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are a variety of potentials for the development of a satisfactory economy.
Before the development of an economy based on land and its resources, it
is necessary to know who owns what land, what it is capable of being used
for and what the resources of the land are.
In recognition of these facts and assumptions the government of the Trust
Territory of the Pacific Islands decided that a land-use capability inventory
was necessary to serve as a rational basis for land-use programs aimed at
meeting the changing needs of the people of Micronesia. To be of use to
the Micronesian people the results of any such inventory must consider
cultural patterns and human environmental needs. Further, to be accepted
and of real use the findings and their supporting data must be understood
by the individuals of each cultural and linguistic group. These factors call
for the participation of individuals from each group in the collection and
analysis of the basic data. As there is an acute shortage of Micronesian
citizens trained in any resource area a program had to be devised permitting
the utilisation of techniques that could be rapidly mastered by non-technical
personnel. The direction of training is critical in that the ideas and philoso
phies gained during this period, when fitted together with cultural con
straints, will form the basis of value judgments which must be made once
the basic information is secured.
The program for a multiple land-capability inventory in Micronesia is
based on two assumptions: that the goal of any sound land-use program
must be the conservation of man through the perpetuation of a primarily
beneficial environment; and that the uses made of land should be dictated
by the capability of the land and the abundance of its resources in relation
to the continuing needs of the people. It is not a complicated or a very
refined program. It has weaknesses. Certainly there will be a need for more
sophisticated approaches in the future. The program does, however, provide
data not now available. It provides for the use of this data by Micronesian
people in determining what uses they will make of their lands.
As developed, the system is based on the rating of fourteen measurable or
observable scoring factors on a Basic Land Capability score sheet (see Figure
5). Each of these factors is given five different stations or score classes on
the sheet. Each station or score class for each of the 14 scoring factors is
assigned a numerical value dependent upon the severity of limitation it
would impose on the use of land for agricultural purposes. In use, the
appropriate score for each factor is listed in the score tally column and
totalled. The sum of the assigned scores is divided by fourteen and the
average score thus obtained places the land in one of seven basic capability
classes. These classes are established arbitrarily by dividing the range between
the highest and lowest possible scores into seven units.
Class i land has no significant limitation for agricultural use imposed
by its physical and chemical characteristics. All classes of land below class 1
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have one or more factors imposing a limitation on or increasing the problems
involved in making use of them for agriculture. The class designation for
any class below i carries the indicator letters for the two scoring factors
with the lowest assigned scores. Thus a steep slope exposed to strong pre
vailing winds might be designated as class 5TC indicating that its major
limitations for use are topographic and climatic. The relative severity of the
limitation is of course revealed to a degree by the assigned primary class.
The designation of a parcel as land class 2DM would indicate better land
of moderate depth and soil of fair moisture-retaining quality, whereas a
designation of 5DM would indicate an area of very shallow soil liable to dry
out quickly.
An examination of the score sheet (Figure 5) will reveal that while the
basic soil data are being collected information is also being gathered con
cerning the biological resources, recreational potential and other factors
needed for consideration in formulating recommendations for land use. The
basic objective of the program is to determine the capability of the land for
agricultural, forestry, recreational and environmental conservation uses. An
analysis of the data gathered during the completion of the basic agricultural
capability rating furnishes most of the basic data needed for determination
of the use value of any land unit for other purposes. The special use limita
tion or sub-class designator Z may be used as an added and over-riding
designator for areas of historic, cultural, scenic, conservation or other special
values or features.
Field performance follows two courses. The first entails a generalised
survey and collection of information covering a large area, such as an entire
island. The second involves a more detailed analysis of small parcels of
land. The Trust Territory Government has initiated a Land Cadaster
Program. Under this program land titles are being determined and boundar
ies surveyed. Upon the completion of boundary determination, the land is
classified both as to its present use and its use capability. This information
becomes part of the permanent record in the Land Registry. As the work
progresses the data from the individual tracts can be grouped into area maps
and reports.
The comparative land-use values for agriculture, forestry, recreation and
environmental conservation are determined and an overall land-use capability
map is prepared. The majority of land units are able to be used in a variety
of ways. A map is prepared which proposes within general categories what
use should be made of each land area and this must be based on a variety
of judgments including the overall needs of society as well as the inherent
capabilities of the land. Comparative values must be weighed and decisions
reached. It is at this point that the direction of our training exerts its
maximum influence. If we have, in traditional fashion, put ideas in little
boxes, neatly labelled agriculture, recreation, forestry, nature conservation,
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etc., the students will continue to think within these prescribed limits. Their
judgments will reflect which idea box they feel contains the most value. To
avoid this, we ourselves must recognise that in any human society the values
are those assigned by the people in relation to and arising from their needs
and desires. Certain of these needs as food, water and shelter, are obvious
needs. Certain of these needs are not as obvious but, although intangible,
they may be quite as compelling. If we can establish the dignity of these
requirements, sound value judgments will be reached which will assure
the allocation of land for the conservation of nature, including man.

South-east Asia

M. N U M A T A

Nature conservation may be thought of as both inorganic and organic—the
former comprising conservation of soil, water or air, the latter involving a
study of the place of living things in ecosystems. ‘Organic’ nature conserva
tion may be directed to vegetation or animal populations or aquatic com
munities. Representative climax vegetation types may be conserved in a
range of ecological situations in South-east Asia. But often vegetation types
serai to the climax are conserved; for example, secondary forests and grass
lands in the forest climax area. Wherever actual areas of floristic distribution
have been described by plant geographers an attempt should be made to
preserve them (Boysen-Jensen 1949) and the potential area of distribution
may also need protection ; especially if some of the species have decreased or
disappeared as a result of cultivation, burning or urbanisation. Animal
populations and their habitats may need legal protection, especially aquatic
communities where the problems may be greater.
METHODS OF NATURE CONSERVATION

i For reservation in a good state: areas in South-east Asia have been
reserved for research, educational, or scientific reasons. Many of these areas
are maintained under absolutely natural conditions as in a wilderness area.
The climax vegetation is the end product of such a ‘laissez-faire’ approach.
Fallen trees are not removed and insecticide is not sprayed on diseased ones.
We expect natural regeneration to occur in such areas.
Conservation of the serai stages of vegetation is similar to that of the
climax. However, if we want to keep vegetation serai we must treat it
semi-naturally by burning, mowing, etc. Grassland types in the forest climax
region are not maintained if they are not mown or grazed, for example.
Rhododendron kiusianum and R. japonicum are reserved in national monu
ments and national parks in Japan for their beautiful scenery, but they are
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species of serai stages and therefore the areas in which they occur cannot be
maintained as wilderness areas (Table 2). These reserved areas maintain
diversity at species, habitat and community levels and thus the system is
T a b le 2.

E x am p les o f N a tu re C o n se rv a tio n in J a p a n
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generally more stable. The climax ecosystem established in a severe environ
ment is often non-reversible if it is destroyed. Such ecosystems should be
protected as a strict reserve.
2 For utilisation and maintenance in a good state: these areas are not
strictly reserves, but managed areas with vegetation and animal populations
harvested to maintain a constant level of productivity year by year. Regula
tion of harvested biomass of salmon and trout or crab in the Northern Sea
of Japan; of Gracilaria verrucosa (Rhodophyta) in Lake Akkeshi (Hok-
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kaido) ; frequency of harvesting of the high-grass meadow dominated by
Miscanthus sinensis; grazing intensity of the short-grass pasture dominated
by Zoysia japonica, are all examples of biomass management. Prevention of
denudation by over-grazing, erosion control by strip-cropping of terraces
that follow contours, and maintaining soil fertility by forage crop rotation,
are some methods of maintaining a good state of the habitat.
Limitation of entry into a public garden to prevent the over-trampling of
lawn is a kind of grassland conservation for recreation. A nature study park
in Tokyo has this entry limitation so as to conserve various types of
vegetation.
For scientific management of a natural area we can adopt effectively a
measure of succession, for example DS (degree of succession), to judge the
dynamic status of vegetation (Numata 1969b, 1971).
DS = / ( 2 d l c ) / n j- v
where, d, 1, c, n and v are the summed dominance ratio, the life span
(years), climax adaptation number (1 of pioneer to 5 of climax species),
the number of species, and ground cover (o to 1 corresponding to 100 per
cent) respectively. DS for typical Miscanthus sinensis grassland in Japan, for
example, is about 500; but when DS is 250 the grassland has been degraded
by strong mowing and approaching an earlier stage in grassland dominated
by Zoysia japonica; and when DS is 750 the community is becoming shrubgrassland as a result of a program of too weak mowing or bad management
(Table 3).
Table 3.
Stage
ist-year pioneer stage
2nd-year pioneer stage

Degree of Succession of Serai Stages and Climax
in Central Japan (Numata 1969b, 1971)
Dominant
A m b r o s ia a r te m is iif o l ia
E r ig e r o n a n n u u s,

DS (mode)
100
150

E . c a n a d e n s is

Perennial grass stage

M is c a n th u s s in e n sis ,

500

I m p e r a ta c y lin d r ic a ,
P le io b la s tu s d is tic h u s

Pioneer tree stage

Q u e rc u s s e r r a ta ,

2000

P in u s d en siflo ra

Climax stage

S h iia s ie b o ld ii

4000

Semi-natural vegetation like heath and grassland is managed by a com
bination of season, period, and intensity of grazing, and fertilisation, mowing,
burning, etc. (Gimingham 1970).
3 For environmental conservation in a wide sense: programs for soil
erosion control, flood control, etc., are familiar. Besides these, we have
today’s serious problems of air pollution, water pollution, soil pollution, etc.,

South-east Asia

69

as a result of industrialisation and urbanisation. Quantitative standards of
pollution to maintain human health are being established at present, and
conservation from this stand-point means keeping the air and water clean.
4 For reconstruction of ecosystems: man has changed and reconstructed
ecosystems on the earth since his appearance. We have experiences of climatic
change by clear cutting and afforestation, making an artificial lake, etc.
Using such methods consciously leads to positive nature conservation, e.g.
establishing green belts, green spaces, etc., in urbanised areas. Reclamation
of lagoon and seaside is a large-scale reconstruction of ecosystems, sometimes
economic for industries. But the latter may destroy the habitat of seabirds
and is the opposite of nature conservation. A method of reclamation con
sidering conservation values should, however, be able to be developed.
O T H E R IM PO R TA N T PR O BLEM S

We have other important problems in South-east Asia which are difficult
to solve for nature conservation.
i Size of reserved area: we must consider what land to reserve and how
much land to reserve for nature conservation. What to reserve has been
discussed above but, if the vegetation is part of a continuum, it is often
difficult to select and allocate typical and representative communities. The
amount of land to reserve, and the size and shape of reserved areas are very
important problems. In practice we may estimate an appropriate size for a
nature reserve based on the territory or home range of an animal or animal
population, the border effect of vegetation. If, for example, the minimal
area for a Japanese bear is 50-100 hectares, an area of 2,500-5,000 hectares
becomes necessary for the life of fifty individuals. If the area of nomadism
of a group of Japanese monkeys is about 2,500 hectares, the area of 25,000
hectares is necessary for the life of ten groups, and this area may be affected
by topography, diversity of vegetation, human impact, etc.
For protection of a vegetation type, it is necessary to have a buffer zone
around the protected area. In productivity studies of forests, the buffer area
is considered to be an area of at least two tree heights in width around the
sample area, not subjected to any disturbance which could affect the sample
area (Newbould 1967). However, a study area which acts mainly as a
large-scale buffer zone may be necessary for an associated study of mammals
and birds (10-100 hectares). The former buffer area in a wide sense is
similar to the mantle community and the sleeve communities of R. Tiixen
(pers. comm.) and Mfiller (1962). The evergreen needle-leaved forest of
Abies mariesii and A. veitchii on Mt Fuji has been destroyed from the margin
with the construction of a highway, because of the absence of such mantle
and sleeve communities. Such edge effects reduce the real sizes of reserves
(Hooper 1970).
As a standard for sizes of nature reserves, Hooper (1970) has referred to
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the species approach considering the genetic population size of a single
species and also the habitat approach based on the habitat of a single
species. In general, we must decide the size of a reserve so as to maintain a
desirable level of diversity of an ecosystem, including its key species.
2 Restoration of damaged communities: natural restoration of land
depends on the principle of ecological succession, for example a plagioseral
stage of Zoysia japonica pasture under grazing proceeds to an orthoserai
stage of Miscanthus sinensis meadow after grazing ceases (Numata 1969b).
The Zoysia pasture goes back to the denuded initial stage with overgrazing.
Such deterioration and restoration of vegetation are successional phenomena.
The vegetation of the Oze moorland in the Nikko National Park, Japan,
has been damaged by an increasing number of visitors, particularly by
trampling. The high moor vegetation (e.g. Scheuchzerietea and OxycoccoSphagnetea) deteriorates to bare ground through Carex omiana-C. michauxiiana var. asiatica community or the Carex omiana initial stage. If w’e
transplanted Sphagnum to the denuded, eutrophic dryland, it would not
succeed. In the restoration of such Sphagnum moorland areas, we must
firstly sow Carex omiana, C. michauxiana var. asiatica, etc., omitting the
stage of Plantago asiatica-Carex albata community, and then include gradu
ally Moliniopsis japonica, Scheuchzeria plustris, etc. We can increase the
speed of restoration by sowing and transplanting serai species; we cannot,
however, succeed in restoration by neglecting the serai sequence or making
a jump from an initial stage to a climax or sub-climax stage (Miyawaki and
Fujiwara 1970, Yano et al. 1971). This successional principle for natural
restoration of land may be applied to afforestation of reclaimed land or to
revegetation of a denuded slope following the construction of a motorway.
In the South Pacific islands, introduced trees like Leucaena leucocephala
and Casuarina equisetifolia are widely distributed. These trees occupy the
position of original trees and bring a quasi-equilibrium to plant succession.
However, Pinus lutchuensis, introduced in the Bonin Islands, occupies a
vacant niche in the orthosere and its stage gradually develops to the climax
forest of Schima mertensiana (Numata and Ohsawa 1970). The introduction
of and replacement by exotic species are, in general, undesirable for nature
conservation, but sometimes there is nothing to worry about, as in the case
of Pinus lutchuensis.
3 Human impacts on natural ecosystems: man’s main alteration to
vegetation in previous times was caused by fire. Spencer (1966) indicates
that land in shifting cultivation or fallow may amount to as much as 100
million hectares in South-east Asia. According to him, most of the mature
forests there are not virgin forest in the proper sense, but merely old forests
that have reached a fairly stable equilibrium of ecological succession after
some earlier clearing by human or natural means. The savanna forests of
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northern and eastern Cambodia may have originated from the activities
of m an and fire (Wharton 1968). A ground fire in the dry season, either
accidentally or intentionally induced by the inhabitants, is the most import
ant biotic factor in the formation and maintenance of savanna forests in
Thailand (Ogawa et al. 1961). Large areas in tropical Asia are often covered
by semi-natural vegetation, such as Gleickenia linearis fernland, bamboo
brakes, wastes of Imperata or Lantana (Stamp 1926, Troup 1926, Numata
I 9 6 3 > 1969c)-

Cultivation on a steep slope in a monsoon climate often causes severe
soil erosion, especially to abandoned fields, after shifting cultivation in the
Himalayan region (Numata 1966). In Nepal, the undergrowth of lowland
mixed forests is used for forest grazing and some of the natural forests are
burnt to create grasslands. In high altitudes above the upper limit for rice
cultivation, cattle-raising is a major use of land and there are many overgrazed pastures. Spencer (1966) indicates the damage to land of combined
firing and grazing in South-east Asia.
M an has often changed the delicate natural balance between soil, plants
and animals as it has evolved. According to van Steenis (1961), if the non
commercial trees are killed and a mixed evergreen forest is converted thereby
into a commercial forest, the land will lose the irreplaceable biotopes and
plant communities belonging to the primitive forest. The lowland flora in
tropical and sub-tropical Asia is now almost entirely destroyed, swamps have
been drained, swamp forest has disappeared and the dryland forest has been
replaced by fields and plantations.
As Vidal (i960) stated, the prime motive for burning is to obtain pasture
for domestic cattle, and even the alpine zone at an altitude of 4,000 metres
in the Nepal Himalaya is burnt to promote tender growth of grasses. The
original forest at Erimo Cape, Hokkaido, Japan, has been lost and denuded
by sheep grazing and it is almost impossible to restore the natural vegetation.
On oceanic islands, the locally endemic plants, and even many of their
ancestors, evolved in a situation completely free from large grazing, rooting,
or browsing animals (Fosberg i960). The trees tend to be shallow-rooted
and extremely sensitive to trampling. Spines, stinging hairs, and substances
poisonous or repellent to higher animals are rarely developed by island
plants. The vulnerability of such island floras and the destruction of the
flora and vegetation by escaped goats has been shown in the ecological
survey of the Bonin Islands by Numata and Ohsawa (1970).
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Sabah, Virgin Jungle Reserves and Other Conservation
Areas p. F. C O C K B U R N 1
Although only 160,000 hectares of Sabah was constituted forest reserve before
1940, all reserves were of a protective nature. Timber production at this
time was small and it was not until 1950 that it became more obvious that
logging was to play an increasingly important role in the economy. In that
decade important concession agreements were signed and large areas put
under productive forest reserve to offer security of tenure to the agreement
holders (see Table 4). At the same time in West Malaysia, Wyatt-Smith
(1950) introduced a system of land reservation to retain small areas of
each forest reserve under their original vegetation cover. Such areas were
known as virgin jungle reserves.
Table 4.

Area o f Forest Reserves and Production of Tim ber in Sabah, 1920-69

1920
1931
1939
!949
1959
1969

Area of Forest Reserve
hectares

Total production in
000s cu. m.

48,666
160,062
181,507
924,889
2,916,340

65
158
270
241
1,586
6,201

By 1961 more than 1,600,000 hectares were under forest reserve and at
the same time production had risen to 2,596,000 cu.m., ten times that for
1939. About this time the first virgin jungle reserves were selected in Sabah
and the idea of a national park around Kinabalu was mooted.
In 1970 timber production amounted to 6,562,000 cu.m, with a total value
of some $USi55 million. This value will be exceeded in 1971. Commercial
interest is therefore very high, and this factor alone constitutes the greatest
problem to nature conservation in the state. Most of all timber cut in Sabah
comes from the dipterocarp forests which are confined to lowland areas,
usually below 1,000 metres. Mangrove forests are also worked on a small
scale for poles and firewood, and soon they will be worked for chips on a
large scale. Seasonally inundated forests on the Kinabatangan and peat
swamp forests on the Klias peninsula are almost worked out. Mountains
and hills are not usually affected by the logging industry but in the past
the impact of shifting cultivation on the west coast has been very extensive
and in some areas is still important; recently prospecting and mining interests
1 I should like to thank Messrs. J. E. D. Fox and A. J. Hepburn of the Sabah Forest
Department for their interest and help in preparing this paper.
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have begun to creep in. The biggest problems for the conservationist are
therefore concerned with the rich lowland dipterocarp forests.
CATEGORIES OF LAND RESERVES

There are three types of reserves relevant to conservation in Sabah:
forest reserves, national parks, and virgin jungle reserves, which by definition
must occur within forest reserves (Figure 6).
Forest Reserves
The Forest Enactment 1968 and Rules 1969 allow for the creation of forest
reserves of which there are four classes. Class I, protection forest, is for such
purposes as water production and catchment stability. Class II, commercial
forest, is for logging on a sustained yield basis. Class III, domestic forest, is
for the supply of timber and forest products for local consumption. Class IV,
amenity forest, is for local amenity and arboretum work.
The procedure for reservation is as follows. A Government Gazette noti
fication states the area involved and the intention to make it a forest reserve.
Not less than three months later, the Resident, of which there are four in
the state, holds an inquiry and considers the views of those who wish to raise
objection or may lose rights and privileges as a result of the proposed
reservation. It is usual that hunting rights and firewood collection are
allowed if there is sufficient local pressure. The recommendations of the
Resident and the Conservator of Forests are then passed on to the Minister
responsible for matters relating to natural resources and, if the proposal is
approved, the Yang di Pertua Negara (Head of State) by Gazette notifica
tion declares the area to be forest reserve.
Forest reserves under Classes I and IV, which cover areas of steep land,
water catchment, limestone hills and hot springs, etc., are to some extent
conservation areas, but where either of these classes overlaps with ‘loggable
forest’, logging can and does take place, e.g. Tawau Hills and Gunong
Lumaku. An annotated list of forest reserves in these classes is given in Table
5. Sepilok Forest Reserve is the most important area in this group. It is an
area of lowland dipterocarp forest undisturbed since 1957. Parts of it, having
been logged previously, provide excellent opportunities to study regeneration
and management treatments. It is an area of 4,470 hectares barely 24 kilo
metres from Sandakan Town, the headquarters of the Forest Department,
and it is easily approached by land or sea. It contains a large number of
experimental plots, numbered trees, and meteorological study areas. Although
early records are somewhat incomplete, more modern ones are very extensive
and an up-to-date handbook is soon to be published. The Japanese Com
mittee for the International Biological Program has shown great interest
in the reserve and it has been selected for some studies which are due to
start soon.
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Forest Reserves of Glasses I and IV Which Are of Special Conservation
Interest
Hectares

Bod T ai
K eruak
P u la u Sakar
M t Pock. T aw au
P u lau T im bun M a ta

Bod G aya
Selangan Island

259
259
769

8,806
12,141

707
116

B eradaya Forest Reserve
B abanga Forest Reserve
M em balua Forest Reserve
T in a g at Forest Reserve
T anjong Forest Reserve
Gem ok Forest Reserve
W ullersdorf Forest Reserve
Andrassy Forest Reserve
M t Q uoin
Bald Hill
Pasir Puteh Forest Reserve

Proposed

P ang Burong Forest Reserve
K lias Peat Swamp

Proposed
Proposed

Sosopodon Forest Reserve
P ulau Gaya K ota K inabalu

11
1,269

Sepilok Forest Reserve
K inabalu N ational Park

Limestone hill w ith b ird ’s nest caves
Limestone hill w ith b ird ’s nest caves
Some areas virgin, some reserved after
logging; ultrabasic
Partly logged, the rem aining unloggable
L arge areas under scrub an d Imperata;
m ost good forest logged out, b u t unin
habited
Scrub w ith a fine orchid flora
Some felling has been allowed an d will be
on a lim ited scale

29'

28

71

l
226 j

585
446 <
9d 42\
2,995 /
64I

573 /

4,452
68,894

R em aining areas of low land dipterocarp
forest on steep volcanic hills around
T aw au ; scenic value of some im portance
and close to population centre
All the lower slopes logged; ridge and hill
forest rem aining
H un tin g and cutting by natives are
allowed
Forest on white sand — w ith K eruing and
yellow seraya
Forest rich in Vatica spp.
T he only surviving area of R am in forest
in the state
H ill forest adjoining the N ational Park
M ostly virgin; interesting Philippine
species; great am enity value
See text
See text

National Parks

Kinabalu is the only national park so far constituted under the National
Parks Ordinance 1964. In addition, Pulau Gaya at Kota Kinabalu, already
a small forest reserve, has been suggested as a national park because of its
great amenity value; it also has a number of interesting Philippine elements
in its flora.
The Kinabalu National Park, originally gazetted as 71,225 hectares,
covers the unique Mt Kinabalu (4,100 metres), the highest mountain
between Northern Burma and New Guinea, and its sister peak, Tambuyucon
(2,575 metres). In places the park provides an uninterrupted gradation of
forest from 300 metres to the summit, although generally the lower boundary
is about 1,200 metres.
The park has a tremendous potential for local and tourist amenity and
for scientific investigations. Recently, after considerable prospecting, 2,850
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hectares of it have been excised for the production by open-cast mining of
copper ore at Mamut. The disturbance to fauna and flora, both at the site
and downstream, have yet to be calculated, but the effluent could be highly
dangerous. It is to be hoped that there will be no further inroads into this
unique conservation area.
Virgin Jungle Reserves

These areas, which occur in forest reserves of Classes II and III, do not
have the legal status of forest reserves. Selection is made by district or
research staff of the Forest Department in the case of areas of special
interest, and by Circle or District Forest Officers at the time that coupe maps
are prepared. An effect of the latter type of selection is that areas of steep
ridges or inaccessible and poor timber stands are often reserved within
primary productive forest. The procedure for setting up a virgin jungle
reserve in forest under licence agreement necessitates the approval of the
Conservator of Forests and the co-operation of the company concerned. A
map is then prepared and circulated to relevant authorities. This map is
transferred to the forest reserve control map held at headquarters and a
record file is maintained by the officer responsible for virgin jungle reserves.
The preservation of natural vegetation habitats as a virgin jungle reserve
provides for:
1 Scientific study including ecology, phenology and botany.
2 Control experimental areas for the surrounding managed forest, which
has been felled and is regenerating.
3 The preservation of natural standing trees for educational and limited
recreational activities.
4 The preservation of particular floral and faunal species which are
threatened or of record size, etc.
5 The preservation of natural habitats within managed forests which act
as gene pools.
There are at present fifty-four virgin jungle reserves which are properly
demarcated. Nine of them are over 400 hectares, while fourteen are under
80 hectares. The total area amounts to 15,600 hectares. It is very difficult to
estimate what size is essential to maintain stability and minimise edge
effects. It is obviously very dependent on forest type, topography and, above
all, what surrounds the area. Wycherley (1969) notes the dangers of the
external environment: ‘in particular the lateral penetration of strong sunshine
and drying winds’. The species area curves for ‘average’ lowland dipterocarp
forest are very different from those for a given temperate community. Half a
hectare may contain as many as a hundred different tree species, and 2
hectares two hundred (Nicholson 1965). Larger areas always produce more
species although the rarer ones may only occur once in 50 hectares. It is
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difficult to estimate therefore which virgin jungle reserves are self-supporting
and which will change gradually.
A full list of virgin jungle reserves is given in Table 6. Some of the areas
are not profitable to log and that is the main reason why they will remain
undisturbed. Although the departmental policy of 2 per cent virgin jungle
reserve has not been fully achieved, a large number of the known forest
types are represented and all new concession areas are being carefully
watched for the opportunity to make more. Reservation of the only remaining
Ramin ( Gonystylus bancanus) peat swamp forest in Sabah is under consider
ation. There are, no doubt, some forest types as yet undiscovered in areas
which are unexplored scientifically. A high-level swamp forest, consisting in
the main of Hopea pentanervia, has been considerably cut down by the new
east-west highway and an associated air strip. However, access has been
afforded and the area near Telupid is also under consideration for reserva
tion. On Bukit Tavai nearby, another forest type of Casuarina forest at 9001,200 metres will probably be conserved by the proposed gazettal of Tavai
Forest Reserve.
In addition to the three conservation categories already mentioned, there
are areas in the state reserved specifically for wildlife, although regulations
also protect wildlife in forest reserves. Recently an area of some 6,700 hectares,
to be known as the Lokan Sanctuary, has been put aside for the protection
of the Orang Hutan. There is a proposal for more than 131,300 hectares in
the Ulu Tungod to be gazetted as a game reserve, and islands which support
large turtle breeding populations have recently been purchased by the
government. The protection of wildlife is generally well covered in the
Fauna Conservation Ordinance, but there are great difficulties in explaining
to the public why these laws exist and in enforcing them. Even when
offenders are convicted, the penalties are often light (S. de Silva pers.
comm.). The status of the rhinoceros is a matter of considerable concern
and further development could reduce the numbers still further. Elephants
and the largest deer, payau, seem to be able to survive logging and in fact
are probably on the increase owing to the more herbaceous vegetation which
succeeds logging.
FUTURE PROSPECTS

Regrettably, prospects for the future do not include a great deal more
reservation of virgin areas. The most important future task, therefore, is to
ensure that the present areas are left intact so that the general public can
be educated in the principles of conservation. At present the dangers lie in
the very rapid expansion of the timber industry and related development
projects, most of which require large areas for their economic success. Settle
ment schemes are a great help to the nature conservationist by reducing
shifting cultivation, but they require large areas of forest to obtain the
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capital for planting up considerably smaller areas to agricultural crops.
Agricultural schemes which have involved the clear felling of large areas
have in some cases had disappointing results. Freedom of manoeuvre is
often granted to entrepreneurs with little or no reference to informed opinion,
often because of an acute shortage of professionally-trained staff and adminis
trators with technical knowledge. In any rapidly developing country there
is a lack of knowledge of the real purpose of permanent reservation.
What is required is a larger number of professionally-trained officers in
the fields of agriculture, forestry and land-use in general, whose abilities
would be called upon so that a compromise situation could be agreed to in
each difficult case. Likewise, education and publicity regarding conservation
principles suffer from the wide distribution of a small population and com
munications which are only just beginning to be developed along modern
lines. It is perhaps ironic that the recent introduction of television services,
which could really improve public feeling towards conservation, has resulted,
through the siting of relay stations, in the destruction of one virgin jungle
reserve by an access road, and the removal of two hill tops in water catch
ment areas.
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6. Relict Plants in the Australian Flora
and their Conservation

R. M E L V I L L E

A ustralia has remained isolated from the rest of the world for a very long
period of time, probably since some time in the Cretaceous, with the
exception of relatively brief contacts between Cape York Peninsula and New
Guinea. These short contacts have enabled the Malaysian element in the
flora to enter Australia and migrate southwards along the eastern dividing
range. The south-west of Australia has been isolated from eastern Australia
at times by marine incursions into central Australia, and at other times arid
conditions have severely restricted plant movements. Prolonged isolation and
a lack of severe fluctuations in climate have provided the relatively stable
conditions which favour the survival of ancient forms. As a result, the flora
of the south-west of Western Australia is remarkably rich in endemic genera
and species which include a number that retain primitive features. Circum
stances have combined to leave a concentration of such relict species in the
south-west, though in smaller numbers they are scattered throughout the
continent.
Two classes of relict plant can be recognised:
1 Species that have retained floral characters generally accepted by
taxonomists and morphologists as primitive. On the whole, these are well
known and well documented.
2 Species which retain early stages in the evolution of the leaf, shoot and
inflorescence morphologies. The significance of many of these features in
connection with the evolution of the flowering plants has not been recognised
in the past. Plants from both groups need further study and it is important
that special care should be given them to ensure their survival.
Among the Class i plants is Eupomatia, a genus with remarkable floral
construction and a very primitive type of stamen, at one time placed with
the Annonaceae, but now considered to represent a distinct family. There
are two species of which one (E. laurina R. Br.J extends from southern New
South Wales through Queensland to New Guinea. This may be present in
some of the existing national parks, but the second, E. bennettii F. Muell.,
is confined to the Brisbane area and may need a special reserve. Himan-
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tandra, Austrohaileya and Blepharocarya also represent distinct familiesHimantandra is represented by H. baccata Diels in Australia occurring in
the Mt Bartle Frere area in Queensland, with two other species in New
Guinea and the adjacent islands. It is notable for possessing the most
primitive type of foliar stamen now extant. Austrobaileya is a liane probably’
related to Monimiaceae. 1 'he leaves have a double midrib arising from ai
unilacunar node (Bailey and Swamy 1949). From the vascular anatomy, the
stamen appears to have evolved by the condensation of a fascicle but the
pollen is of a primitive monocolpate type. It is confined to the Atherton
Tableland in north Queensland where there should be a reserve to maintain
it.
Blepharocarya is another unique Australian genus originally placed in the
Anacardiaceae, but now considered a distinct family. The inflorescence
consists of a laciniate cupule on the inside of which the flowers are borne.
The genus needs a thorough morphological and ontogenetic study for it may
give a clue to the evolution of the cupule in the Fagace and may form a link
between Anacardiaceae and Fagaceae. It has two species, one very local in
Arnhemland and the other more widespread in northern Queensland. B.
depauperata Specht is confined to the sandstone hills near Oenpelli in
Arnhemland where it is associated with a number of other local endemics.
The locality is in the middle of an Aboriginal Reserve where one might
assume the plants would be safe were it not that the rights of the Aborigines
to their land have recently been declared without legal foundation. It seems
that the question of a floral reserve within an Aboriginal reserve should be
given serious consideration. The other species, B. involucrigera F. Muell.,
although more widespread is not abundant and steps should be taken to
ensure that it is given protection.
Emblingia is another genus requiring special consideration. It was first
placed by Mueller in the Capparaceae, but, in spite of much controversy,
recent investigations (Erdtman et al. 1969) show a balance of evidence in
favour of a relationship with the Goodeniaceae. It probably represents an
early offshoot of the goodeniaceous stock. It is not a conspicuous plant and
may be more widespread in Western Australia than at first thought.
There are many other endemic Australian genera which should be given
consideration by conservationists, although they do not have the special
claim of relict status in a major evolutionary sense. Lists of these will be
found in Burbidge (i960). Attention also must be drawn to two species of
Drimys (Winteraceae), D. insipida (R. Br. ex DC.) Druce and D. stipitata
Vickery. Whereas other species are advanced by reduction, this pair retains
the most primitive type of conduplicate ‘carpel’ still in existence (Melville
1969 and Figure 7), not excluding that of Degeneria, which is reduced from
a syncarp (Swamy 1949). The ventral bundles of these species supply the
ovules and also send sterile branches into the stigmatic crest, which are not
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developed in the stigmas of more advanced species (Melville 1969). Both
are understorey shrubs in the rainforests of New South Wales and southern
Queensland. They may be present already in existing reserves, but their
continued survival should be maintained.

Figure 7. Drimys stipitata Vickery. Dorso-lateral View of Cleared Ovary,
showing the paired dorsal (d) and ventral (v) vascular strands. The ventrals
have relict branches (s) directed towards the stigmatic crest and recurved ovule
bearing branches directed towards the cavity of the ovary (as in Figure 8(b),
Melville 1969).
To turn now to the second group of relict species, some of the most
interesting of Australian plants exemplify early stages in the evolution of the
leaves of flowering plants. In the past, most of the work in this field has
been done with plants of the northern hemisphere which are all more or less
advanced. Even so, Zimmermann (1952) has put forward his telome theory
in which he derived modern leaves from dichotomous branch systems by the
processes of webbing, planation and overtopping. Zimmermann’s starting
point could be found among plants of the Psilophytales of Silurian to
Devonian age, but it was not realised that any plants at this stage of evolution
had survived into the modern era. Examples can be found in the Proteaceae
and Liliaceae of Western Australia. Among the Proteaceae four species of
Stirlingia, S. tenuifolia (R. Br.) Endl., S. simplex Lindl., S. abrotanoides
Meissn. and S. teretifolia Meissn. have leaves with linear, regularly dichoto
mising segments each with a single vascular strand. These leaves are quite
unlike modern leaves and look like small, divaricately-branched bushes. None
of the four plants, although rather widely scattered in the south-west, is ever
abundant and they appear to be just holding their own. A fifth species, S.
latifolia Steud., demonstrates the next stages in leaf evolution in which the
linear segments are aggregated into flat lobes, still arranged dichotomously
or into simple flat leaves. The veins are now in one plane and they anasto
mose with one another reproducing many of the features observed in the
fossil leaves of Gangamopteris of Permo-carboniferous age. Comparable
dichotomous leaves occur also in Franklandia in the Proteaceae in the King
George’s Sound area. These have only a few dichotomies and, of the two
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species, F. fucifolia R. Br. is scarce and scattered and of F. triaristata Benth. I
have seen no recent specimens, although I believe it still survives. Here
then are relict species on the verge of extinction, which should be given
special protection on account of their great scientific interest. Elsewhere in
the world, the only com parable example is Paranomus reflexus (Phillips &
H u tch .) Fourc., a South A frican m em ber of the Proteaceae, which bears
dichotom ously branched, lobed and simple leaves on the one plant. This,
however, is slightly more advanced in th a t some degree of overtopping can
be seen in the leaf segments (Figure 8 ).
L ater stages in leaf evolution are frequent and in the Proteaceae many
stages in the processes of overtopping and webbing are to be seen in
Adenanthos, Isopogon and Petrophile. F an shaped, rem arkably Ginkgo-\ike
(flabellate) leaves are found in Hakea baxteri R. Br., H. flabellifolia Meissn.,
and H. brownii Meissn. in w hich a simple dichotomous venation system is
supplem ented by poorly developed secondary veins. T h e developm ent of a
pinnatifid leaf from this type is illustrated by H. ceratophylla R. Br. which is
somewhat more ab u n d an t th an the other three species. In Hakea, also, simple
flat leaves w ith venation systems akin to the fossil Gangamopteris are found
in a num ber of species including H. incrassata R. Br., H. hookeriana Meissn.,
and FI. cyclocarpa Lindl. Sim ilar gangam opteroid stages in leaf evolution
occur again in the M yrtaceae, as for exam ple in the Melaleuca leucadendron
L. complex and in Drosera and the Stylidiaceae. Broad-leaved species of
Stylidium have simple Gangatnopteris-Yike venation systems w hich are
reduced in the m ore advanced narrow -leaved species. These leaves have
entire margins, as in the fossils, except in S. barleei F. M uell., w hich is
dentate. T h e latter dem onstrates how the venation p attern was modified as
the leaf became dentate. Sim ilar m arginal patterns are developed in the
Proteaceae in dentate species of Banksia and Dryandra.
Flat leaves w ith an open dichotomous venation system lacking anastomoses
Figure 8. Evolution of Branch Systems. At left: regularly dichotomous branch
systems produce lateral systems by differential growth—Psilophytalean stage. Top
row: fertile and vegetative sectors develop—Botryopteris stage. The vegetative
portion develops into a flat leaf at first without anastomoses—Palaeovittaria—
then vein anastomoses form—Gangamopteris—and later a midrib—Glossopteris.
The fertile sector remains epiphyllous and may be bisexual—Ottokaria—or uni
sexual—Pluma. In Angiosperms the fertile and sterile components of the ovary bear
a similar relationship to one another. Middle row: leaf and fertile branch join
the stem on a common stalk—the phyllophore. Sterilisation of the fertile branch
produces an epiphyllous vegetative bud which may be shed with the leaf—
Andersonia (Epacridaceae). The bud becomes axillary in more advanced Angio
sperms and may ascend the stem to a supra-auxiliary position—Meliaceae. Bottom
row: in the vegetative phase the phyllophore bears a leaf and vegetative shoot.
The system, at first dichotomous, becomes zig-zag as partial apical dominance
develops, finally straightening as full apical dominance supervenes. Initially, only
buds immediately below the inflorescence develop leading to a tufted growth
habit—Epacridaceae, Proteaceae.
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—the Ginkgo stage of evolution—certainly go back to the Devonian. In
Australia they are known as far back as the Permian, for Walkom (1921)
has illustrated examples from Queensland associated with Glossopteridae,
which can be matched very closely with leaves of modern species of Epacris
growing on the sandy heaths in the same area. E. marginata Melville and
E. longiflora Cav. are at this stage of evolution, but it is to be found in other
genera including Coleanthera. Outside of Australia, Angiosperms with leaves
at a comparable stage are known from the Himalaya and China, as in
Kingdonia (Foster and Arnott i960) and Circaeaster (Foster 1963). In
Australia, such leaf types are relatively frequent in the Epacridaceae, in
which they lead on to some unique types characteristic of the family. These
primitive leaf types often have the veins running together in pedate fashion
at the leaf base, a feature which allowed the development of a basal meristem
early in the ontogeny of the leaf and the production of leaves with parallel
veins in Richea, Dracophyllum and Sprengelia. The strap-shaped leaves
which result, which may be a metre long in Richea pandanifolia Hook, f., are
a parallel evolution to those of the grasses, but in the Epacridaceae many
stages in the evolution of this type of leaf have survived. Some of these are
rare, others fairly common, but it is important that all of the stages should
be preserved for future study.
Strap-shaped and other broad-based leaves in the Epacridaceae are stem
encircling and in some genera such as Sprengelia and Andersonia part of
the cortex of the stem is shed at leaf fall. This results in the shedding of the
axillary buds with the leaves and the only functional buds are those immedi
ately below the inflorescences. The peculiar habit of these plants with lengths
of bare stem and tufts of branches at their ends is a consequence of this
process and linked with the evolution of axillary buds. Similar habit effects
due to failure of axillary buds are to be seen among Proteaceae in both
Australia and South Africa. On these grounds Andersonia and Sprengelia
must be regarded as relicts. Many of the Andersonia species are already rare
and need special protection.
The vascular supply of the axillary bud in Andersonia and other Epacri
daceae is not attached to the stem, but joins that of the leaf either where
the lateral veins meet the midrib or just below on the single leaf trace. The
common trace then follows on down through the cortex until it joins the
stele of the stem. Structure of this kind is very ancient, going back at least
to the Carboniferous. Scott (1923) described it for Botryopteris among the
Coenopteridae. The condition arose originally as a dichotomy of the stem,
one arm of which had normal stem structure and function and the second
short arm divided again very soon, to produce a leaf and a stem. The stem
associated with the leaf could be either vegetative or reproductive. The
suppression of the vegetative stem would give rise to a bud attached to a leaf
as in Andersonia, which shows one of the early stages in this evolution. If

Australian Relict Plants

89

one follows up the stem to the flower the relationship of the parts remains
the same, but the branch becomes fertile and forms a stamen attached to a
perianth member or an ovule-bearing branch attached to one of the valves
of the ovary. This is, of course, the structure postulated by the gonophyll
theory of the flower (Melville 1962, 1963). The unity of structure through
out the plant, which is so often obscured in more advanced families, can
clearly be seen in these Epacridaceae and emphasises their importance for
evolutionary studies.
The leaf plus branch structure arises from a common vascular strand,
which represents the phyllephore of the early fossils. In Angiosperms the
relationship is generally obscured by fusion of the phyllophore with the stem,
but in Australian members of advanced families, such as Labiatae, Goodeniaceae and Solanaceae, it can often be seen as a distinct structure standing
away from the stem vasculature on clearing, as in Prostanthera ovalifolia
R. Br. In earlier stages of evolution the long and the short arms of the
original dichotomy are still apparent and cause the development of a zig-zag
axis. At later stages, perhaps as a result of apical dominance, the axis
straightens and the plant assumes a modern aspect. These zig-zag stems,
therefore, are relicts of an early phase in Angiosperm evolution. They vary
from almost equally dichotomous through zig-zag to nearly straight, some
times within a single species. Examples are Corynotheca lateriflora F. Meull.,
C. dichotoma F. Muell., C. acanthoclada F. Muell., Thysanotus dichotomus
R. Br., T. arbuscula Baker, T. spiniger Brittan, and the Western Australian
forms of T . patersonii R. Br., all in the Liliaceae. In the Solanaceae, Anthocercis genistoides Miers and A. anise ant ha Endl. provide good examples as
does Leschenaultia divaricata F. Muell. in the Goodeniaceae. Most of these
are rare plants which could easily be exterminated within a short period
of time by changes in land management.
This review of relict species in the Australian flora is not exhaustive, but it
should serve to focus attention on this intensely interesting group of plants
and the need for special attention to be paid to their conservation. Nowhere
else in the world is there such a concentration of relicts in the morphological
categories. They point to Australia as one of the centres of origin of the
Angiosperms and they constitute a natural heritage of immense scientific
value, which Australia holds in trust for the rest of the world. If effective
action is to be taken for their conservation the following steps are necessary:
1 To list the species and record their present distributions.
2 To record their presence in any existing reserves or national parks. If any
of these reserves are placed in any category lower than Grade A, there will
then be a strong argument in favour of upgrading the reserve in order to
give the maximum protection. The creation of additional reserves of Grade
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A standing will have to be considered to give protection to species not at
present in reserves.
3 To monitor the protected populations to ensure their continued survival.
Very little is known of the biology and ecology of most of these plants and
steps should be taken to fill this gap in our knowledge. Similarly, their
morphology and ontogeny need detailed study, to facilitate which of the plants
should be brought into cultivation in botanic gardens. In view of the large
number of relict species in the south-west of Western Australia, the establish
ment of a botanic garden, with the cultivation of these plants as a main
objective, should be considered, either in the neighbourhood of Perth, or
attached to one of the national parks.
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Part Two
Fauna Conservation in the Pacific
in Relation to
Conservation of Vegetation

7- T h e A dequacy an d Lim itations of Flora
C onservation for F au n a Conservation in
x\ustralia and New Z ealand

A. E. N E W S O M E 1

native peoples of Australia and New Zealand are now thought to have
changed the faces of their lands considerably. The eclipse of the giant
marsupials coincided with the increasing aridity in Australia during or since
the last Pleistocene glacial period, but it also coincided with the arrival of
Aboriginal man. Doubtless these giants were killed and eaten; but recent
palaeontological and archaeological studies suggest that uncontrolled fires
lit for hunting, as they still are today, were the real cause of the disappear
ance, through the alteration of habitats (Merrilees 1968, Jones 1968). Moas
were certainly hunted in New Zealand so recently that garments made from
their feathers survive. In New Zealand also, fires lit by Maoris along the
rivers to make travelling easier are thought to have replaced the forests with
tussock grasses and scrub (Holloway i960 and pers. comm.), perhaps to the
detriment of the moas.
Then European man arrived. Plaving come from lands where patterns of
agriculture were established if not in sympathy with, then at least in some
harmony with, the fauna, the European pioneers could not conceive of
anything more than strong protective laws for the survival of the fauna in
their new lands. They did not appreciate the great changes initiated through
clearing the land and the release of ruminant stock, or the release of other
importations like Australian possums (Trichosurus vulpecula), English weasel
(Mustela nivalis) and stoat (Mustela erminea) in New Zealand, the fox
(Vulpes vulpes) in Australia, and the rabbit (Oryctolagus cuniculus) in both
countries.
The catastrophic nature of European man’s arrival in Australia was first
indicated in Tasmania. There, the local race of Aborigines died out. Disease
was certainly one cause, and persecution was another. One other important
reason would seem to have been that Aboriginal man had cleared small
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areas of forest on the valley floors. Kangaroos and wallabies came to graze
there to be speared by the Aborigines, but these small areas made excellent
grazing for sheep, and a powerful environmental conflict arose (M. Ridpath,
pers. comm.). There was a relatively common, large, dog-like marsupial
carnivore in Tasmania, the Tasmanian wolf (Thylacinus cynocephalus),
now probably extinct. Because of its depredations on fowl-houses and,
occasionally, sheep, this remarkable creature was hunted as a pest, and
disappeared. It is now thought that hunting alone was not responsible but
that, like the Aborigines, there was an environmental cause. Farming cleared
away its habitat.
TH E INCOMPATIBILITY OF NATURE CONSERVATION AND GRAZING AND
AGRICULTURE

The reduction in the distribution of many marsupials throughout Australia
since European settlement has been documented recently (Marlow 1958;
Ride 1970; Newsome 1971b). Animals once widespread now survive only as
remnant colonies. The brown hare-wallaby, Lagorchestes hirsutus, for
example, once widespread in the arid inland, is now known on the mainland
only on two sand-dunes in the Tanami Wildlife Sanctuary in the Northern
Territory (Newsome 1971b), though it survives well in the isolation of
Bernier and Dorre Islands off the coast of Western Australia (Figure 9).
The ranges of several other species have been similarly reduced (Figure 9).
To all there has been a common pattern. As the pastoral industry expanded
and intensified, many native animals, the mammals in particular, dwindled
or disappeared to survive if at all beyond settled land (Newsome 1971b). So
severe has the impact of European settlement been that four species are now
thought extinct, several more must be close to it, and many are endangered.
Land for agriculture is first cleared, so removing the livelihood of the
tree-dwellers, for example the greater glider, Schoinobates volans (TyndaleBiscoe and Smith 1970). Then it is ploughed, disrupting ground-dwelling
birds and burrowing animals like marsupial mice (Sminthopsis) and rodents
(Pseudomys), and native plants die. Alien grasses, wheat, oats and barley,
are then planted to complete and maintain the catastrophic changes. In this
way, the dwellings and food supplies of native animals are removed, and so
therefore are the animals. The impact of cattle and sheep raising is a slower,
subtler affair, but just as devastating in the long term.
Because of easier movement and better grazing, land along the main rivers
and creeks and the open undulating park-like country so characteristic of
Australia was settled first. A variety of native animals lived in the grasslands
grazed by the stock. Some, like the kangaroos (Macropus and Megaleia),
rat-kangaroos (Bettongia), and hare-wallabies (Lagorchestes), were her
bivorous. Some, like the hare-wallabies and some bandicoots ( Chaeropus,
Perameles) made hutches out of long grass to live in. Others, like the rabbit-
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Figure 9. Reductions in Ranges of Four Marsupials as a Result of European
Settlement in Australia (after Newsome 1971b).
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eared bandicoot (Macrotis) and rat-kangaroos, lived in burrows. These nonruminant native mammals were gentler on the environment than the intro
duced ruminants which stripped the land bare of grass around water-holes
and along the flood-plains of creeks, particularly during droughts. Hutch
building hare-wallabies and bandicoots had their homes eaten by stock and
the material to build them removed for some distance around, and so they
had nowhere to go. They were first restricted to ungrazed grasslands but
later disappeared as stock-raising expanded.
It is now obvious that farming and grazing, and the maintenance of
natural bushland in Australia are incompatible forms of land use. To
remove an animal’s habitat is to ensure its demise. The best way to prevent
degradation of habitats is by the creation of nature reserves.
E S T A B L IS H M E N T OF N A TU R E RESERV ES

In the following pages the terms nature reserve and national park are
used more or less interchangeably, to include any large tract of land (of at
least 4,000 hectares in area) for which one of the primary uses of land is
nature conservation.
New Zealand’s fine network of national parks had its beginning under
the most amazing and enlightened circumstances. In 1887, Te Huehue
Tukino and other Maori chieftains of the Taupo region presented to the
people of New Zealand the land within one mile (1.6 kilometres) of three
sacred volcanoes, Ruapehu, Tongariro and Ngauruhoe, in the middle of the
North Island, to be the Tongariro National Park (Figure 10). Moreover,
this proposal came only seventeen years after the creation of Yellowstone,
the world’s first national park, in the United States of America. Since then,
nine other large national parks have been created in New Zealand, having a
total area of 2.05 million hectares. Almost one thirteenth (7.6 per cent) of
New Zealand’s area is reserved in them. In addition, there are 921 scenic
reserves (255,595 hectares), sixty historic reserves (1,375 hectares) and
forty-five flora and fauna reserves (183,049 hectares) (Lucas 1969). There
are also 914 domains (25,170 hectares) (New Zealand Tourist and Publicity
Department 1968). Thus, a total of 2,492,363 hectares of the national
heritage is preserved, the equivalent of 9.3 per cent of the total land. Figure
10 gives the location and sizes of the ten national parks in New Zealand.
The establishment of nature reserves in Australia has accelerated greatly
in recent years, owing to increased public and political awareness of the
need for, and benefit of, such areas. For example, the area protected has
almost doubled in the past three years, from 7.3 million hectares in June
1967 to 13.8 million hectares in June 1970; at least another 4.8 million
hectares has been added since then (J. G. Mosley, pers. comm.). To match
New Zealand’s performance, however, Australia needs to double its effort
and more.
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Figure io. National Parks in New Zealand (from New Zealand Department of
Lands and Surveys, 1966).
SELECTION OF NATURE RESERVES

K n ow ledge of th e d istrib u tio n of th e fa u n a a n d its ecology is essential
for its p ro p er conservation. Species once th o u g h t ex tin ct in A u stralia have
been rediscovered recently, like L e a d b e a te r’s possum , Gymnobelideus lead-
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beateri (Wilkinson 1961) and the New Holland mouse, Pseudomys novaehollandiae (Keith and Calaby 1968). The need for ecological knowledge
needs no emphasis when, almost two centuries after white settlement, a new
living mammal, the mountain pygmy possum, Burramys parvus, is discovered
by accident in the most densely settled corner of Australia (Seebeck 1967).
Burramys was known only as a fossil until, in 1966, one was caught in a
ski-hut in the high mountains of Victoria, and since then the species has
been located further north in the uplands of Kosciusko National Park
(Calaby et al. 1971). Even now the animal is known to the world only
through five dead and eight living specimens. Necessity, however, does not
render biological surveys or ecological studies less time-consuming.
The collections gained by recent biological surveys (Marlow 1958, Calaby
1966) are invaluable, but their relevance to the whole problem of fauna
conservation on the broad scale is limited by their number, nature and
extent. Surveys need to be integrated, co-ordinated and greatly increased in
number and geographical distribution to provide representative results. The
few intensive ecological studies of animals in Australia strongly indicate the
great variability of our land, not only from place to place, but from time to
time in the one place. Vastly more effort is needed.
Selection of nature reserves need not wait, however, upon complete faunal
surveys. Fortunately, animals and plants tend to come in adaptively depen
dent alliances (e.g. Kikkawa 1968; Kikkawa and Pearse 1969), the animals
using the resources of habitat to supply their livelihoods. There are, more
over, further alliances between the plants and the physical environment,
landforms, soils and climate (e.g. Perry et al. 1962). Christian and Stewart
(1953) used the tenn ‘land-systems’ which neatly defines such alliances
between plants and their physical environment in Australia. Mapping of
land-systems in the Northern Territory revolutionised ways of thinking
about the country on the broad scale for agriculture and grazing (e.g.
CSIRO 1970), and the ecological study of a native animal (Newsome
1965a). The classification of land-systems would appear to provide an
excellent basis for the understanding of the distribution of the fauna as well.
A higher classification than land-system could be evolved to include them.
One other reason why a representative network of nature reserves needs
to be set up without delay is the rapid rate of economic exploitation of
Australia’s primary resources through mining, cattle raising, agriculture,
forestry and wood-chip industries. Such nature reserves can be selected on
habitats. It is the only way to ensure that the Australian biota is anywhere
near adequately represented because the spread of settlement is too rapid.
Mass methods of clearing land quickly, of correcting deficiencies of trace
elements in soil, and of top-dressing, sowing, and fertilising pastures make
the selection of new reserves imperative. Fortunately, the vegetation of
Australia is well enough known to allow rational choice of sites for nature

Fauna, Australia and New Zealand

99

reserves, and the work of Perry (i960), Perry et al. (1962), Specht and
Cleland (1961), Frankenberg (1971), Hayden (1971), Australian Academy
of Science (1962, 1969), Charley and Cowling (1968), and Moore and Perry
( 197°), among others, keeps on improving the rationality of the choice.
T H E D IS T R IB U T IO N O F N A T U R E R E S E R V E S A N D V EG E TA TIO N

The rationality or otherwise of the present network of nature reserves in
Australia can be gauged from Figure 11, which locates 128 major nature
reserves (greater than 4,000 hectares) in fifteen major habitats, as at 30
June 1971. The broad classification of habitats has been derived from the
more detailed map of Moore and Perry (1970). (No similar map was
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Figure 11. Major Reserves (more than 4,000 hectares) and Major Habitats in
Australia (after Mosley 1968 and pers. comm., and Moore and Perry 1970).
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constructed for New Zealand despite Holloway’s (i960) excellent map,
because of my lack of understanding of the vegetation there.) The total
area of land inside major reserves shown on Figure 11 is 16,667,530 hectares.
This represents about 90 per cent of the total area of all nature reserves
(about 18.6 million hectares) in Australia, and about 2.2 per cent of the
Australian land-mass. All reserves comprise about 2.4 per cent of the landmass, far short of the 9.3 per cent of New Zealand.
Table 7.

The Areas of M ajor H abitats and M ajor N ature Reserves in Australia
30 June 1971

Major Habitats

Area
sq.
km.

Grasslands
Sub-coastal grassland
56,377
Tropica] sub-humid grassland
53 ,33 i
Mitchell grass plains
449,495
Spinifex grasslands
1,653,225
Heaths
94 ,57 i
Shrublands
Shrub steppe
455,589
Acacia steppe
1,709,602
Mallee
378,642
Woodlands
Tropical and sub-tropical
sub-humid woodlands
834,925
Temperate sub-humid woodlands 437,679
Semi-arid shrub woodlands
433,496
Arid and semi-arid low woodlands 425,876
Forests
Tropical and sub-tropical
rainforests
60,948
12,833
Temperate rainforests
Sclerophyll forests
349,329
Brigalow forest
145,807
Alpine and sub-alpine
22,779
Habitats too small to map
(salt lakes, etc.)
112,378
All Australia

7,686,882

Percentage
of
Australia

Area of
Major
Nature
Reserves
sq. km.

0-73

2,396

5-85

0
0
83,673

0.70
21.51
1.23
5-93

22.24
4-92

10.86

785
17,723

0.17
1.04

20,031

5 ,3 6 4

5 -6 4

352

0-79

1,689
785

4-54

13,657

1.46

—

1.90
0.30

IO O

0
0
5.06
5-44

5-54

0.17

4-25

5,149

10,417
1,015

5 -6 9

Percentage of
Major Habitat
in Major
Nature
Reserves

228
3 ,4 ”

166,675

5-29

0.64
2.31
0.23
0.001
2.77
6.11
3-91

0.16
14.67
—
2.168

Figure 11 and Table 7 show the biases and omissions that need rectifying.
For example, two types of grassland, tropical sub-humid grasslands (53,331
sq. km.) and the Mitchell grass plains (449,494 sq. km.) are not adequately
represented in any reserve because they are highly prized and fully leased
for cattle raising. Nature reserves are urgently required to retain examples
of these habitats (see Table 7). Similar considerations apply to nine other
major types of habitat where the proportion preserved is low. Only alpine and
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sub-alpine regions (14.67 per cent), temperate rainforests (6.11 per cent),
heaths (5.44 per cent) and mallee (5.29 per cent), among the fifteen
economically useful habitats, exceed the conventional minimum of 5 per
cent. This arbitrary 5 per cent value has, of course, no biological basis.
Conversely, the greatest area of major habitat in nature reserves is the
economically useless spinifex (Triodia) sandplains and dunefields with
83,672 sq. km. Five of the largest reserves in Australia, Tanami Wildlife
T a b le 8.

T h e S ta tu s o f M e d iu m -siz e d a n d L a rg e M a rsu p ia ls in C e n tra l A u s tra lia

Species

C attle Country

R ed kangaroo (Megaleia rufa)
E uro (Macropus robustus)
Rock w allaby (Petrogale lateralis)
Spectacled hare-w allaby (Lagorchestes conspicillatus)
Desert hare-w allaby (Lagorchestes hirsutus)
R at-kangaroo (Bettongia lesueur)

ab u n d an t
present
present
probably extinct
extinct
extinct

N ail-tailed w allaby ( Onychogalea lunata)
R abbit-eared bandicoot or bilbie (Macrotis lagotis)
Desert bandicoot (Perameles eremiana)

extinct
very rare
extinct

Pig-footed bandicoot (Chaeropus ecaudatus)

extinct

Unstocked
Desert
present
present
present
present
present
known still to
Aborigines
present*
comm on
known still to
Aborigines
extinct

* Found outside the T anam i W ildlife Sanctuary, in W estern A ustralia (J. C alaby pers.
com m .), b u t in the same type of desert country — see Figure 9 (after Newsome 1971b).

Sanctuary in the Northern Territory (3,752,933 hectares), the Simpson
Desert in Queensland (505,053 hectares), the Simpson Desert (691,534
hectares) and the Gibson Desert in South Australia (2,132,716 hectares)
and the Northern Nullarbor in Western Australia (2,495,804 hectares),
have been created in this otherwise unwanted habitat in the past decade.
The need for reserves in such a habitat is doubtful because they are selfprotecting and uninhabitable. Other reserves come into the same category,
e.g. that in the Hamersley Ranges of Western Australia (590,000 hectares).
It does not matter to the biology of these regions whether there is legal
protection or not. In fact, in any land-based economy, creating national
parks in otherwise unwanted and uninhabited country undoubtedly makes
the acquisition of economically valuable land proportionately harder. This
is especially so when the artificial quota of 5 per cent of land mass keeps
cropping up as the amount of land required for nature reserves.
This is not to say that there should be no reserves in unsettled country;
but their siting should be biologically, not politically, decided. For example,
the largest nature reserve in the arid zone, and in Australia, is the Tanami
Wildlife Sanctuary in the Northern Territory. It was created because
remnant colonies of once widespread marsupials were found there (see
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Table 8) (Newsome 1971b). The only colonies of, for example, the brown
hare-wallaby, Lagorchestes hirsutus, known on mainland Australia today are
there, on two sand dunes. Other animals now rare or vanished in cattle
country, for example the burrowing bandicoot, Macrotis lagotis, are also
relatively common locally in this reserve.
The relationship between the distribution of major nature reserves and
exploited land is well exemplified in the Northern Territory, where reserves
in the grazing land are needed, as Figure 12 shows. With the exception of
the Cobourg Peninsula Wildlife Sanctuary, there are no secure nature
reserves on valuable grazing land.
For example, there are none in the tropical sub-coastal plains (Woolwonga, Daly River and Murganella Wildlife Sanctuaries are situated inside
Aboriginal reserves and are not sacrosanct) ; none in the sub-humid eucalypt
woodlands (Katherine Gorge National Park is a large gorge in the ranges);
none in the sub-monsoonal low woodlands further inland; none on the
Mitchell grass plains; and none in the acacia woodlands of Central Australia,
although there are three reserves in Central Australia shown in Figure 10
that may be thought, erroneously, to cater for the latter.
What is presented homogeneously in Figure 11 is really an array of
habitats of considerable diversity, a problem associated with the small scale
of mapping. An extensive part (1,391,088 sq. km.) of the zone of acacia
steppe inside the Northern Territory (plus much other land besides) has
been mapped into land systems (Perry et al. 1962). The large number of
land systems in the acacia steppe (seventy-eight out of a total of eighty-eight
for the whole of Central Australia) indicates their diversity. Woodlands
change from extensive stretches of mulga (Acacia aneura) on acidic soils in
the western half to stretches of gidgea (A. georginae) on calcareous soils
in the east.
The number of land systems (Perry et al. 1962) in the acacia steppe is
listed according to their dominant vegetation and type of land (Perry i960)
in Table 9, together with the location and size of nature reserves there. The
impression gained from Figure 11, that three large tracts of the acacia
woodlands are reserved, is immediately dispelled. All are in the rugged
MacDonnell Ranges, centred respectively upon Palm Valley, Ormiston
Gorge and Simpsons Gap. All are spectacular and worthy nature reserves;
but no mulga or gidgea woodland is adequately reserved either in the
Northern Territory or elsewhere in Australia. The reason for this is that the
trees provide browse for cattle and sheep and that these extensive woodlands
and associated grasslands and water-courses are the most productive regions
in Central Australia for domestic livestock. The fauna is also diverse there
and, in places where there is not overgrazing by livestock, still relatively
common. But grazing has degraded many habitats, sometimes severely. For
example, one plant community of the semi-arid zone, formed by old man
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saltbush (Atriplex nummularia) has virtually disappeared owing to grazing
(Costin and Mosley 1969). In other places grazing in the mulga woodlands
has considerably thinned the trees, as in central Western Australia, or
thickened them into almost impenetrable thickets, as in south-west Queens
land (R. A. Perry, pers. comm.). In Central Australia, the mulga woodlands
still appear to be in good condition.
Table 9. Habitats, Land Systems and Major Nature Reserves in the Acacia Steppe
of Central Australia
H abitat
(Pastureland Symbol*)

A rea
No. of
(sq. km.) L and Systems**

R ugged ranges and in
accessible country (R)
3 0 ,1 5 3
Plains of dense Acacia wood
lands w ith short grasses
and forbs (H)
5 6 ,1 7 5
Alluvial plains with short
grasses and forbs, and few
14,198
Acacias (Hf)
Low broken hills and flatlands w ith short grasses
and forbs and some
Acacias (Hh)
2 5 ,5 5 8
Shrubland of salt-bush
{Atriplex) and blue-bush
{Kochia) (A)
515
Swamps of blue-bush
(1Chenopodium) (B)
" 7
Sandplains of ‘h a rd ’
spinifex {T riodia basedowi)
(Sh)
8,829
Sandplains of ‘soft’ spinifex
( T . pungens) (Ss)
259
2 ,2 2 0
Sand-dune country (Sd)

No. of M ajor
N ature Reserves

A rea of M ajor
N ature Reserves
(sq. km.)

i7

3

313

31

0

0

16

0

0

23

0

0

i

0

0

i

0

0

8

0

0

i

0
0

0
0

2

* Symbols and description from Perry (i960).
** T aken from Perry et al. (1962). Some land systems are present in m ore th an one h a b ita t.

Only one mammal is known to have found the changes in the vegetatioi)
of the acacia steppe suitable—the red kangaroo, Megaleia rufa (Newsome
1962, 1965a; Frith 1964) ; grazing by livestock shortened the grass and
provided more nutritious food for the kangaroo. Yet these very changes
were inimical to the other marsupials, including wallabies and bandicoots.
For some, the extra competition for food may have been too great, either
directly (e.g. Bettongia lesueur) or indirectly (e.g. Macrotis lagotis). For
others, like Lagorchestes conspicillatus and Onychogalea fraenata, however,
the stock simply ate their refuges, laying them open to predators (Newsome
197 l b ) .

In the beginning, European man was not to know that such destructive

Fauna, Australia and New Zealand

105

changes would follow the release of ruminant herds on these lands, but
there is no excuse today for the wholesale clearance of habitats like mallee
woodland for wheat and sheep, rainforests for dairying, and brigalow forest
for crops and cattle. Often not even roadside strips or shelter belts are left
as reminders, or to retain some vestige of diversity across the landscape.
All along the Great Dividing Range and inland for a couple of hundred
kilometres, the process of clearing continues despite poor markets for primary
produce and the need for subsidies to maintain production. One economic
reason for this is that clearing land is rated an ‘improvement’, and is therefore
tax-deductible. This concession has attracted businessmen and professional
people to primary industry as a tax dodge, to the continued disruption of the
natural environment.
The only habitats really well preserved are those in our small tracts of
alpine and sub-alpine country, with about 15 per cent of the 22,779 sq. km.
reserved, mostly in the Kosciusko National Park. Nevertheless the prevention
of grazing by stock was legislated only in 1958, after the high country had
been used as a summer range for sheep and cattle for over a century. The
need for nature conservation in Australia is critical, especially in habitats
so far neglected, and most notably in the more heavily populated coastal
strip.
M A N A G E M E N T OF N A T U R E RESERVES

The most important policy for effective fauna conservation is protection
of habitat and is the basis of management principles in the nature reserves
so far considered. However, there is some recent evidence that management
plans may have to incorporate considerable disturbance of the environment
to provide optimal conditions for some species. Examples are given below.
The Conservation of the Red Kangaroo
The red kangaroo, Megaleia rufa (Desmarest), was not as common on the
grassy plains of inland Australia in Aboriginal times as at present. Changes
in the pastures induced by livestock grazing, which are deleterious to so
much of the marsupial fauna, permitted the red kangaroo to flourish
(Newsome 1962, 1965a; Frith 1964). So abundant did this kangaroo become
that graziers regarded it a pest, competing with their sheep and cattle for
food, especially during drought. Studies of its ecology (Newsome 1962,
1965a, 1965b, 1965c, 1966, 1971a; Frith 1964; Frith and Sharman 1964;
Griffiths and Barker 1966; Chippendale 1968; Storr 1968) have shown the
red kangaroo to be a nomadic, opportunistic animal but, oddly enough for
an animal of the arid zone, one dependent on green herbage for food,
breeding and survival of young (Newsome 1965c, 1966).
Before the grazing industry became intensive, the open plains were
covered most of the time by tall, dry grass, an inadequate diet for red
kangaroos (McIntosh 1966) which, consequently, were not common.
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Domestic livestock grazed the tall grasses down, causing the perennial
species to produce green shoots, even during drought. Hence, the red kan
garoo multiplied. A comparison of the abundance of red kangaroos in five
counts on a grassy plain in adjacent patches 130 hectares in extent, the one
grazed by cattle, the other not, revealed that only one of 276 animals was
located on the ungrazed land (Newsome 1971b). The rest were on land
grazed by cattle.
Similar changes in pastures have increased the numbers of some other
marsupials elsewhere in Australia. They may account for the abundance of
the hill kangaroo, or euro, Macropus rohustus (Gould), in the Pilbara
District in Western Australia (Ealey 1967) ; and almost certainly for that of
the grey kangaroo (Macropus giganteus and M. fuliginosis) in semi-arid
inland Australia, and the agile wallaby (Wallabia agilis) in northern
Australia (mostly as a result of the feral water buffalo, Buhalus bubalis, and
fire).
Thus, if one aim of nature conservation is to maintain unnaturally large
wild herds of red kangaroos to satisfy public clamour and the demands of
tourists, large quantities of food must be supplied. A simpler method would
be to graze domestic livestock on native pastures, but this strategy would
eliminate habitats essential to other wildlife.
The Reappearance of Leadbeater’s Possum
Among the marsupials that became so rare as to be thought extinct since
European colonisation of Australia was Leadbeater’s possum, Gymnobelideus
leadbeateri. Up till 1961, none had been seen for fifty-two years. Then,
unexpectedly, a flourishing colony was found in heavily forested country in
south-eastern Australia. The forest where the colony lived had been fiercely
burnt in 1939 by a particularly devastating bushfire which, presumably, had
so changed the forest that, after twenty years, the habitat favoured
Gymnobelideus.
Fire has been part of Australia’s natural environment for a very long
time, long enough indeed for many plants to develop fire-resistant trunks
(Eucalyptus) and seeds (Acacia) that germinate only after fire. Specht et al.
(1958) have shown that, compared with the climax community, a rich
diversity of plant species can flourish in the sub-climax induced by fire. At
least one other animal is dependent on a serai stage of vegetation following
fire, the New Holland mouse, Pseudomys novaehollandiae, once thought
extinct (Keith and Calaby 1968). In Kosciusko National Park the newly
discovered Burramys parvus (see above) is also found in a young forest.
The Australian Academy of Science (1968) has pointed to the problems
posed by wildfires in Australian nature reserves, for example, to the recent
severe damage to Kosciusko, Wyperfeld, Flinders Chase and Warrumbungle
National Parks. Nearly 121,400 hectares of nature reserves in New South
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Wales were burnt out in 1965 alone. The extent of such damage underlines
the need for very large nature reserves, much larger than 4,000 hectares, to
help ensure that all of a nature reserve is not burnt by any one wildfire.
There is much more to learn in Australia about the ecological effects of
fire, so that it can be used more positively in the management of plant and
animal communities.
Conservation of Rare Species
The problem of conserving rare and threatened species of animal is one of
the most unyielding of them all. The reason is simple: it is difficult to learn
much about them. We need above all to know why any species is rare. Some
of the rare animals among the Australian marsupials have been mentioned
above. The example used here, however, is a New Zealand bird, the kakapo
(Strigops habroptilus), which is a large, ground-dwelling parrot. Presumably
owing to the absence of ground-dwelling predators, a surprising number of
flightless birds has evolved in New Zealand, for example the well-known
kiwi (Apteryx spp.j and the extinct moas (Dinornithidae), but there are also
other groups including this parrot. Many of these ground-dwellers have
become rare since European colonisation, owing in part to the number of
introduced predatory or scavenging mammals. The kakapo was once wide
spread in New Zealand (C. Roderick, pers. comm.), but was thought
extinct until very recently. Some were found in the grasslands of the cold
and very wet south-western part of the South Island, inside the Fiordland
National Park. These big, clumsy birds live in burrows. They will climb trees
to feed, gliding back to the ground, but are mostly ground-feeders. Their
unique method of feeding enables localities where they survive to be identified
though none has been found for two years. The kakapo chews fern fronds,
sucking the juice and leaving behind on the plant persistent balls of fibre
that turn white (J. Forshaw, pers. comm.). A kakapo recently kept in
captivity died, despite every care (C. Roderick, pers. comm.). Only a
thorough study of the species can define its critical conditions of habitat, no
easy matter with a secretive, rare, nocturnal bird living in an extremely
wet and cold environment. Meanwhile, the conservation policy has to be
strict maintenance of the environmental status quo in the hope that the
parrot will persist. One of the main problems in studying such rare species
is that the small populations cannot sustain a normal kind of ecological
sampling program. Another main problem is that many species do not
survive in captivity.
Recreational Pressures
Most national parks have the dual objectives of conservation of nature and
public recreation. Where recreational pressures are minimal, these objectives
are compatible, but they become increasingly incompatible as recreational
use increases, as can be seen in many national parks in Australia today. This
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impasse can be resolved only by proper zoning of uses, for example, by
restricting heavy recreational pressures to relatively small and ecologically
less important parts of the park, regarded as ‘sacrifice areas’ as far as nature
conservation is concerned. Application of this principle is easy in the larger,
less populated parks, as in the Ayers Rock and Mt Olga National Parks
(134,228 hectares) in central Australia where only one per cent is ‘sacrifice
area’ (W. Hare pers. comm.). But in smaller Belair National Park (833
hectares) near the city of Adelaide, recreational uses have already affected
50 per cent of the park (R. Lyons, pers. comm.). In such situations, con
sideration should be given to restricting the amount of use by the public, if
the remaining nature conservation values are to be retained. The concept
of a maximum carrying capacity needs to be worked out for the various
zones of each park.
Mining
The recent increase in mining activity in Australia also poses serious problems
for nature conservation. This is partly because of the priority of mining
legislation over many other types of legislation for the use of land in
Australia which dates from the pioneering days. Prospecting licences are still
given in national parks in some states or territories and, if economic
discoveries are made, strong pressures are brought to bear on the government
to permit mining.
The creation of a large tropical park in Arnhem Land, northern Australia,
has been delayed so far for five years and further delays are certain because
of recent finds of large deposits of uranium ore. The proposed area would
make one of the finest national parks in Australia, with its unique combina
tion of environments, escarpment, rivers, swamps and forests, and large
galleries of Aboriginal rock paintings. By contrast, there are alternative sites
for uranium at Rum Jungle and Mary Kathleen, which at present are
unworked.
In Australia, as in other countries, there is need for improved legislation
concerning the use of land and its resources, in which nature conservation
and environmental protection are accorded the same status as the more
traditional economic uses for mining and agriculture.
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8. Equatorial Forest and the Inland
Aquatic Fauna of Sundania

D. S. J O H N S O N

NATURE OF TH E FRESHWATER FAUNA

The inland aquatic fauna of the Sundanian area (defined by Johnson
1964 as including the Malay Peninsula, Borneo, Sumatra and Java and
associated islands on the Sunda continental shelf) is amongst the richest in
the world. Johnson (1967b) noted that rather more than 250 species of
freshwater fish are known from Western Malaysia and the number has since
been slightly increased. The fauna species for the whole of Sudania almost
certainly exceed 300. Similar richness is shown by other groups. There are
for instance over thirty species of freshwater prawns belonging to three
families (Holthuis 1950; Johnson 1968a, 1969). The water-skaters, Gerridae,
contain over forty Malayan species (Cheng and Fernando 1969).
This fauna has evolved in association with equatorial conditions which
have persisted for tens of millions of years and with the equatorial rainforest
associated with these conditions. It is best developed in the forested areas of
central Sundania, i.e. southern Sumatra, southern Malaya, and south-western
Borneo. To the east and north-east it becomes depauperate especially in
Sabah (Inger and Chin 1962) and Bali, whilst to the north it merges
gradually with the fauna of monsoonal South-east Asia.
The assemblage is unique in being a rich, equatorial expression of the
main freshwater fauna of Arctogaea unlike the fauna of Amazonia which
consists predominantly of ‘peculiar’ groups, at least for the fish, or of the
Congo area where there is only a restricted representation of Arctogaean
groups with many representatives of ‘peculiar’ groups. It is difficult, if not
impossible, to delimit clearly the Oriental and Palaearctic regions on the
basis of their fish fauna (Darlington 1957; Johnson i960). More northerlyareas represent a depauperate assemblage of groups, many of which have
their centres in Sundania. The Sundanian area appears to have been an
evolutionary centre from which groups have spread out over Arctogaea.
Thus the Sundanian freshwater fauna is dominated by advanced groups
and there are few relict groups. Lungfishes are therefore absent and replaced
ecologically by the advanced teleosts of the order Symbranchiformes.
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Scleropages formosus (Schlegel and Müller) is perhaps the most ancient
form but is a true teleost. This should increase interest in conservation since
there is no other area where we can find a comparable assemblage of
advanced freshwater forms adapted to equatorial conditions and especially
suited for comparative physiological studies along with related temperate
forms.
COMMERCIAL IMPORTANCE

Many of the fishes comprising this assemblage are much valued as aquarium
fish (Johnson et al. 1969) and are involved in a flourishing export trade.
Brittan (1954) lists forty-seven species of the important genus Rasbora with
thirty-seven of them occurring only in Sundania. Other important aquarium
species include: small carps of the genus Puntius; many loaches and suckerloaches in the families Cobitidae, Homalopteridae, and Gasteromyzontidae;
several catfish; freshwater halfbeaks; freshwater pipefishes; glassfishes of the
family Ambassidae; gobies of the genus Brachygobius; and numerous
anabantoids.
ENVIRONMENTAL DETERMINANTS

Johnson (1967a) has drawn attention to the peculiar freshwater chemistry
of the lowland forest areas of southern Malaya. Many of these are extremely
dilute, anion-rich, acid waters in which the calcium content is extremely low
to undetectable. Others form a blackwater series of strongly acid, peaty water
(Johnson 1968b) which culminates in an extreme type of slightly saline
water with greatly excess sulphate ions and very low pH (1.8). Similar
waters have been reported from Amazonia (Fittkau 1964; Klinge and Ohle
1964) and there is evidence that the water types are characteristic of lowland
forested areas in the equatorial belt. Elsewhere in Sundania such waters are
common in Sarawak and probably also in southern Sumatra and Kalimantan.
Marked changes in water chemistry may occur when areas are cleared,
especially if they are turned over to rice cultivation or small holdings.
In the Sundanian region streams, small rivers, pools, forest swamps, and
swamp lakes are an integral part of the rainforest community. The peculiar
chemical characteristics of the waters are in large part determined by the
nature of the forest soils and also by the fact that substances such as calcium
tend to be ‘locked-up’ in the massive vegetation of the forest canopy. The
forest environment also ensures a relatively low (for the tropics) and almost
constant water temperature. Open country waters show more fluctuating
temperatures with a distinctly higher average. Shade from the trees greatly
cuts down the available light and this may be still further decreased by peaty
colouration of the water. Combined with the adverse chemical conditions
this means that aquatic plants are scarce or absent and primary productivity
is low to zero. Thus the forest is the main source of food for the stream
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inhabitants which ultimately depend on insects and vegetable matter falling
on or washed into the habitat. Many of the larger organisms feed directly
on such food sources (Alfred 1958; Inger and Chin 1962; Johnson et al.
1969), whilst others are predators dependent on these consumers. Accumu
lations of dead vegetable matter from leaf-beds persist the whole year and
are the preferred habitat of many loaches, catfish, prawns, crabs, and
dragonfly nymphs. The more specialist of these forms fail to survive in open
country habitats even if other conditions are suitable. Other habitats and
breeding sites are created by such features as fallen logs, bank holes beneath
trees, and fine roots trailing in the water.
T H E SU N D A N IA N A SSEM BLA G E

It might be expected that these environmental factors would determine a
fauna very clearly distinct from that of open country freshwater and this is
the case (Johnson 1961, 1967b) for the fish and also for the prawns and
certain insect groups (Johnson 1966, 1968a, 1969, 1961; Cheng and Fern
ando 1969). The specially Sundanian assemblage is predominantly restricted
to forest or tree country habitats whilst open country waters are dominated by
more widespread forms or forms characteristic of monsoonal Asia (Johnson
1967b; Cheng and Fernando 1969). It is of some interest that the assemb
lages found in streams of rubber estates, oil-palm estates and, to a lesser
degree, open-country blackwaters belong to the forest type, though usually
somewhat impoverished.
D E PL ET IO N OF T H E FA U N A

There is general agreement amongst workers in the field that this Sun
danian fauna has become seriously depleted in recent years over wide areas
of West Malaysia, Singapore, and Sarawak. No one would now adopt the
hopeful attitudes of Johnson (1961) and Tweedie (1961). Johnson et al.
(1969) note this for Malaysia and the depletion of Singapore’s fish fauna is
vividly shown by the account of Alfred (1966). Where open country streams
have replaced forest streams the absolute numbers of fish may increase
considerably in the absence of severe pollution but the variety is greatly
decreased. Small forest streams in Johore may sometimes harbour over
twenty species of fish and several species of prawns whilst equivalent open
country streams will have at the most about ten species of fish and two to
three of prawns. Streams which were known as good habitats for freshwater
aquarium fish ten to fifteen years ago either have ceased to exist or would
no longer yield good catches of valuable species. Aquarium fish could still
be collected in the Tanglin area of Singapore in 1930. Now they survive
only in the small, preserved catchment area and I know of only one remain
ing good aquarium fish habitat (on private property belonging to a natural
ist) within 48 kilometres of Singapore town. Similar depleted zones surround
such towns as Kuala Lumpur and even Kuching.
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CAUSES OF DEPLETION

A variety of factors have contributed to this depletion. In densely settled
and agricultural areas general or organic pollution and eutrophication are
important (Provvse 1968; Johnson 1968c). In tin-mining areas the deleterious
effects of suspended fine particles are of special importance. Saw-mills and
timber-stocking are suspected of causing localised pollution, especially in
Sarawak. Careless disposal of arsenite weed killer in rubber estates can cause
total depletion of fish over a long stretch of stream.
The activities of collectors are more important. There is no doubt that
commercial collectors are over-exploiting streams in southern West Malaysia,
Sarawak, and probably also southern Sumatra. This over-exploitation is
induced by the flourishing export trade in aquarium fish centred on Singa
pore. Conservation measures and the development of mass breeding techni
ques are desirable if this trade is to survive in its present flourishing state
(Johnson et al. 1969).
Illegal collection of fish using poisons has long been a minor problem in
Sundania where tuba fishing is traditional. It has recently reached alarming
proportions in southern West Malaysia and parts of Sarawak. The worst
damage is done where good roads lead through tree-country areas to cross
forest streams rich in fish. Some operators are substituting fast-acting insecti
cides for the traditional tuba. Poisoners may arrive in a fast car and, as they
cross the bridge, throw into the stream an opened tin or bottle of insecticide.
On their return they just happen to stop at the stream and find lots of
dying fish, some at least of which will recover if removed from the habitat
and properly treated. Present laws are inadequate to deal with these activities,
since it is impossible to prove that those found collecting the fish are the
actual poisoners. Similar though less widespread problems are posed by the
illegal use of explosives.
THE NEED TO CONSERVE FOREST

All these dangers are less important than the continual destruction of the
lowland forest habitat which is proceeding in much of the Sundanian area.
As we have already noted the characteristic elements of the inland, aquatic
fauna of Sundania are dependent on the continuance of tree-country habitats
to provide suitable aquatic habitats. Whilst plantations of rubber or oil
palms can partially substitute for rainforest the highest diversity of species
is usually found in streams where some at least of the drainage is through
forest.
Conservation of this inland aquatic fauna is thus not primarily a problem
of conservation for a few interesting species such as Scleropages formosus.
It is or should be a question of habitat conservation and this entails conser
vation of the forests which provide the habitat. Special consideration should
be given to the needs of fish conservation when forest or game interests plan
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for preserved areas. If possible these areas should include stream and/or
swamp systems of sufficient extent and variety to act as nurseries or refuges
for the aquatic fauna. It may be necessary to provide fenced off areas
within forests, adequately patrolled by water bailiffs and with strictly
restricted access. In such areas forestry activities would be allowed only if
they did not lead to stream or swamp deterioration. All collection from
streams, even by scientists, would be prohibited except insofar as it was part
of a conservation program. Surrounding such central areas there could be
outer forest areas in which fish collecting could be allowed to continue
subject to reasonable restrictions on the methods used.
This is an ideal plan and one which may be difficult to implement. In
its absence forestry, game and fish conservation interests should still endeav
our to work together and to present a united front on the need to preserve
sizable areas of lowland forest as forest and to prevent undue alienation of
forests for other purposes.
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g. The Effect on Fauna of the Loss of Forests
in New Guinea1

J. L. G R E S S I T T

and

A. C. Z I E G L E R

T h e island of New Guinea and many of the nearby islands are still in a
fortunate position with regard to the conservation of native fauna. In general,
no complete environments, and no extensive sections of land, have been
completely transformed so as to eliminate fauna. Some species have been
pushed back from the coast by coconut or cacao plantations, and some of
the upland valley bottoms or lower ridges have had their fauna pushed
aside on to the lower slopes of the valley walls or on to higher slopes. This
has possibly happened without the extinction of any species, though this
cannot be proven. There is thus still time to make plans for the protection
of the entire native fauna. Another asset in this regard is the relatively small
number of species, and limited extent of range, of feral animals other than
pig, and in a few areas deer or giant toad. It is to be strongly urged that no
other species be introduced to the area, unless they be host-specific control
ling agents for these or other important pests. The keeping of goats should
be strongly discouraged, as they may become seriously harmful, which they
always prove to be on oceanic islands.
Schultze-Westrum (1971) has presented a set of recommendations on
conservation in the Territory of Papua and New Guinea for the World
Wildlife Fund. He has advised on education, problems relating to land
tenure, traditional culture and economic development, and has suggested
specific conservation areas in the Gulf, Southern and Western Highlands,
Chimbu, Owen Stanleys and Milne Bay areas, and measures for protecting
members of about eighteen genera of birds and mammals, as well as for a
few lizards, turtles and crocodiles.
The principal threat to the perpetuation of the native fauna of New
Guinea is in the alteration of the environment and more particularly the
elimination of native forest. The latter is very important since a major
portion of the fauna is strictly limited to the forest vegetation. This threat
stems mainly from the growth in human population and the development
of agriculture involving clean cultures of introduced crops over wide areas.
1 In this chapter ‘New Guinea’ is used broadly to mean Papua New Guinea.
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The main threat at present is in the more heavily populated areas in
the lower and middle valleys of the highland areas, mostly between 1,500
and 2,000 (even to 2,500) metres altitude. These areas, which have been
relatively densely populated for a long time, have a secondary (man-induced)
grassland maintained by annual burning. This burning may be partly to
catch mammals for food, but it prevents return of forests and often enlarges
the grassy areas.
With the growth of human population, there is a dangerous reduction in
forest areas. As new village areas are established, forests are cut to make
space for the villages. Then further areas of forest are cleared or largely
cleared for the planting of sweet potatoes and other crops. The trees cut for
these purposes are mostly burned on the spot. When firewood and timber
for house building is needed, further trees are cut with wider reduction of
forest. Up to now, with low population, a shifting (swidden) agriculture has
been practised. Sweet potatoes are grown for a period on an area which is
then abandoned and a new area cleared. The used areas come up with
second growth, and eventually revert to natural forest, so that the general
extent of rainforest did not materially diminish.
Special emphasis here will be placed on mammals and certain butterflies
which, aside from the birds, are among the better known, and more endan
gered, groups of animals. Biogeographically, most botanists and entomologists
will assert that New Guinea is part of the Oriental Region, but the endemic
mammals of New Guinea belong only to the same four orders present in
Australia, and are partly closely related to Australian mammals. This is
because there may have been a continuous water barrier between the East
Indies and New Guinea, preventing almost all land mammals, but not most
plants and insects, from crossing over from the west. South-east Asia has
nine orders of mammals lacking in New Guinea and Australia.
The New Guinea mammalian fauna is essentially a forest-adapted one—as
opposed to that of Australia where, taken as a whole, the mammals are a
dry, open land, group, in line with the relatively small proportion of forested
areas in Australia. Compare, for example, the five species of Phalanger in
New Guinea against races of only two of these in north-east Australia alone;
and the five species of tree kangaroos, Dendrolagus, in New Guinea against
a race of only one and one additional species in (again, only north-eastern)
Australia.
Over 75 per cent of the fifty to fifty-five species of marsupials and well
over 60 per cent of the similar number of rodent species found in New
Guinea are restricted to forests. More importantly, however, most of the
endemic New Guinea non-flying mammal genera are among these forest
animals. Some of these are: the Monotreme genus Zaglossus; the marsupial
mice genera Neophascogale and Phascolosorex; the mouse bandicoot Microperoryctes; the possums Distoechurus and Dactylonax; and the forest
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wallabies Dorcopsis and Dorcopsulus. Some equivalent endemic rodent
genera are: the giant rats Hyomys and Mallomys; the mimic tree rat
Xenuromys; the New Guinea jumping mouse Lorentizimys; the small
toothed rat Macruromys; as well as the brush mice and tree mice Pogonomelomys and Pogonomys.
If the New Guinean forested areas as a whole are roughly subdivided
into, say, moss forest, rainforest, and lowland gallery woods and/or coastal
vegetation, the percentage of endemic mammalian genera or species is seen
to differ in each, with the majority of New Guinea endemics occurring in
the vegetation type loosely known as moss forest. Some of the endemics that
appear to be essentially restricted to moss forest are the long-beaked echidna
Zaglossus bruijni; the striped bandicoot Peroryctes longicauda; the silky
phalanger Phalanger vestitus; the ring-tails Pseudocheirus cupreus, P. mayeri
and P. forbesi; and, probably, most of the New Guinea species of tree kanga
roos, Dendrolagus. Endemic rodents in the moss forest of New Guinea
include, at least, the following: the various Rattus species R. niobe, R. richardsoni and R. shawmayeri; certain forms of mosaic-tailed rats currently
included in the taxa Melomys rubex, M. moncktoni and M. levipes; some
species of the brush and tree mice genera Pogonomelomys and Pogonomys;
as well as, probably, several species of the water rat sub-family Hydromyinae,
such as Paraleptomys wilhelmina, Neohydromys fuscus, and Hydromys
habbema. One interesting New Guinea endemic, the slender rat Rattus
verecundus, seems to occupy only a 1,000 metre or so altitudinal band
centring around, apparently, the lowest border of moss forest or upper
boundary of rainforest throughout much of New Guinea.
A few additional New Guinean endemics are found primarily only in the
forested areas below the elevation of moss forest vegetation. These include
the white-lipped bandicoot Echymipera clara; the long-fingered possum
Dactylonax palpator; the feather-tailed possum Distoechurus pennatus; the
lowland ring-tail Pseudoecheirus canescens; the squirrel-toothed rat Anisomys
imitator; the black-tailed tree rat Uromys anak; the remaining species of
the brush and tree mice genera Pogonomelomys and Pogonomys; as well as
most of the rest of the sub-family Hydromyinae. However, most of the other
mammalian genera and species found in the rainforests and lowland forests
are not endemic to New Guinea but rather forms shared with areas of similar
habitat in Australia. Representative shared animals, of lowland forest—only
a few of which extend up into moss forest—are the short-beaked echidna
Tachyglossus aculeatus; the marsupial cat genus Satanellus; the common
and spotted phalangers Phalanger orientalis and P. maculatus; the sugar
glider Petaurus breviceps; the pygmy possum genus Eudromicia; the striped
possum Dactylopsila trivirgata \ and, among the rodents, the mottle-tailed tree
rat Uromys caudimaculatus; and, in the vicinity of water, the common
water rat Hydromys chrysogaster.

120

Nature Conservation in the Pacific

The fauna of the natural grasslands and other relatively dry open areas of
southern New Guinea (i.e., primarily Papua, south of the Central Range),
as might be expected, contains a large proportion of mammalian genera and
species also found in similar areas of northern Australia, undoubtedly as a
result of mutual faunal exchanges between these regions, especially during
the late Pleistocene. Examples of xerically adapted, shared, mammals of this
habitat are the red-cheeked marsupial mouse Sminthopsis rufigenis; the
flat-headed marsupial mouse genus Planigale; the bandicoots Isoodon
macrourus and Echymipera rufescens; the wallabies Thylogale stigmatica
and Wallabia agilis; the Rattus species R. leucopus and R. sordidus; and
the brush-tailed rabbit rat Conilurus penicillatus. The presence of continuous
mid-montane and montane forests in northern Papua at present effectively
prevents any further northern penetration of these non-endemic open country
forms—and the possibly resultant replacement of endemic northern genera
and species.
The grasslands and other open areas north of the Central Range in New
Guinea do not support such a mammalian fauna as that just mentioned. For
the most part (considering only those grasslands below timberline), these
northern areas possibly may not represent true climax vegetation but rather
may be aboriginally produced and sustained only by periodic native burning.
A few mammals, such as the dusky wallaby Thylogale bruijni; the spiny
bandicoot Echymipera kalubu; and the variable spiny rat Rattus ruber,
endemic at the specific but not generic level, do seem to occupy these
northern grassland areas extensively but they are all found in various other
northern New Guinea habitats also. The only New Guinea mammal that
seems to occur in these northern grasslands and in no other natural habitat
is the Polynesian rat Rattus exulans. (This species also occurs commonly in
native houses and gardens. Its undoubted distribution from mainland
South-east Asia by certain migrating South Pacific peoples and its present
peculiarities of habitat distribution in New Guinea are possibly one of the
best arguments that the northern grasslands of kunai are indeed maninduced. That is, the Polynesian rat came in with some early New Guinea
human invasion but was able to establish itself, in the face of competition
from native species, only when the newly produced kunai habitat opened a
new rodent niche. The species’ range of habitat on other Pacific islands is
not noticeably restricted to grasslands. It is present on a small island off
Australia but has not established itself on mainland Australia, possibly
because of the presence of various, previously adapted, grassland rodents.)
Extension of these northern grasslands, which would result whenever exten
sive deforestation occurs, therefore would probably not noticeably benefit
any mammal other than the non-endemic Rattus exulans.
New Guinea is rich in bat species. In general, the biology of the New
Guinea bats is poorly known. However, a great majority of the bats inhabit
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forested areas. Some of them may feed over grasslands, but have their
resting places in nearby forests. With reduction and disturbance of forests,
breeding places will be eliminated, and probably only a minority of the
species could adapt to nesting in houses and other man-made structures.
Aside from the loss or reduction of insectivorous bat species, this might
permit increase of pests of agricultural crops. The ecology of the many types
of fruit bats would generally be upset by deforestation, though some kinds
might be favoured by establishment of fruit orchards. Some of the larger
fruit bats inhabit second growth. Some small insectivorous bats nest in
buildings, mine shafts and other tunnels.
At least two species of deer have survived introduction to New Guinea:
the rusa deer Cervus timoriensis and the axis deer Axis axis. The former is
well established around Port Moresby and in the lower Fly River area of
Papua, while the latter presently exists in small numbers around the town
of Madang in the Territory of New Guinea. Because these types of deer
generally thrive best in brushland, open wood, or forest edge habitats,
deforestation near their present areas of occurrence would undoubtedly
result in an increase in deer population size and extent of range. However,
it is difficult to think of an endemic New Guinean mammal that the deer
might possibly displace ecologically, although the probable increased destruc
tion of habitat in general by greatly increased numbers of deer would
undoubtedly affect indirectly many native species of animals and plants.
Gilliard (1959) has described an interesting situation of hybridisation
among some birds in the Western Highlands, apparently resulting from
extension of grassland areas through forest elimination by man. So far no
parallel of this hybridising situation has been detected among the mammals.
A few years ago seven species of bird-winged butterflies ( Ornithoptera or
Troides) were declared protected in the Territory of Papua and New
Guinea. These are: O. alexandrae, O. allotei, O. chimaera, O. goliath, O.
meridionalis, O. paradisaea and O. victoriae. Of these, O. allotei is most
probably a hybrid. Some of these species have quite limited ranges. Most
occur at low altitudes and they are rare above 2,000 metres. Because of their
great size and beauty, they attract a great deal of attention, and there is
quite a business in supplying amateurs and dealers, in which many people
have participated, mostly non-entomologists. Because of the limited ranges
and restricted host-plant preference (often Aristolochia) of these bird-wings,
they are highly vulnerable to endangerment. With simple elimination of
particular forests, and with the searching out of the butterflies in all stages,
the species are seriously endangered. It has been said that since the protective
law was enacted, more collecting of them has resulted from the attention
attracted to the butterflies. Special measures are needed better to protect
them. Studies of the range of O. alexandrae suggest that its entire range
may become overrun by agriculture, as it is entirely on a coastal plain.
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In summary, loss of natural forests in New Guinea will hereafter seriously
endanger the fauna.
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io. General Problems of Fauna Conservation
in Relation to the Conservation of
Vegetation in New Guinea1
R. S C H O D D E

P r o b l e m s of fauna conservation are related intimately to those of vegetation
conservation because most animals, at least most terrestrial forms, live in
vegetation and depend upon it for food and shelter; and the more complex
the biota, as in tropical regions such as New Guinea, the more inextricable
these relationships are. Accordingly, the present paper has four main aims:
1 To analyse distribution patterns of the New Guinean fauna in relation
to vegetation distribution and other environmental factors.
2 To delimit for conservation those sectors of the biota that can be
expected to contain the fullest possible representation of the island’s forms
of life.
3 To identify those habitats that are being alienated and the degree of
alienation.
4 To indicate, in general terms, some possible corrective measures.
BIOTIC ENVIRONMENT

New Guinea has for its size one of the richest, most diverse and most
unique floras and faunas in the world: harboured in a flora of presumed
palaeotropic origin (Van Steenis 1950; Good i960) is a vertebrate fauna of
predominantly austral affinities (Mayr 1953). Except along the dry monsoonal parts of the southern coast and on the cold caps of the central
mountain spine, rainforest mantles the island. The primary rainforests of
the lowlands up to c. 500 metres altitude comprise many species-rich
families, for example, Burseraceae, Combretaceae, Dipterocarpaceae, Guttiferae, Leguminosae, Myristicaceae, Palmae, Rubiaceae, and Sapindaceae.
Palaearctic oaks ( Castanopsis, Lithocarpus) dominate on the lower slopes
of mountains c. 500-1,200 metres altitude. Above are forests of antarctic
beech (Nothofagus), Cunoniaceae, Elaeocarpaceae, Escalloniaceae, Lauraceae, Myrtaceae, and Podocarpaceae, which appear to have greater affinity
with the sub-tropical rainforest floras of the southern continents than with
any other (cf. Lam 1934; Robbins 1971). Contained in all of these forests
1 In this chapter ‘New Guinea’ is used broadly to mean Papua New Guinea.
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are the characteristic animals for which the island is so noted (cf. Brongersma 1958; Hitchcock 1968): hylid (Hylidae), microhylid (Microhylidae), and ranid (Ranidae) frogs; elapine snakes (Elapidae), pythons
(Pythoninae), angle-headed dragons (Gonocephalus), and monitor lizards
(Varanus); birds-of-paradise (Paradisaeidae), bower-birds (Ptilonorhynchidae), crowned pigeons (Goura), honeyeaters (Meliphagidae), loriine
parrots (Psittacidae), and thick-heads (Pachycephalidae) ; and monotremes
(Tachyglossus, Zaglossus), marsupials (Marsupialia) of many groups, bats
(Megachiroptera, Microchiroptera), and murid rodents (Muridae).
Compounding the intrinsic diversity of the biota are the great mountain
ranges which, running the length of the island and rising to 3,200 metres
and above in many parts, control the distribution of plants and animals
through their influence on temperature, rainfall and hence general environ
ment. For biological communities, these cordilleras have had the effect of
‘zoning’ the biota altitudinally; separating populations of the lowland and
hill-slope levels along opposite scarps; and isolating montane populations on
discrete high mountain massifs. As a result of such disjunctions, local evolu
tion and speciation appears to have proceeded at a remarkable rate in many
animal groups, for example in the hylid frogs and sub-endemic family of
birds of paradise. Birds provide perhaps the most indicative example,
chiefly because they are the only reasonably well-studied group. Nearly all
land species are confined to particular altitudinal levels. Lowland groups,
which encircle the mountain ranges, comprise forms which replace each
other in the classical ‘ring’ species configuration. Examples are the Goura
cristata and Paradisaea apoda superspecies, and the fifteen or so mainland
sub-species of Pitohui kirhocephalus. Montane groups, by contrast, are
frequently represented by chains of allopatric forms strung out along the
ranges. Examples are the races of the superb bird of paradise (Lophorina
superba) and the species of astrapia birds of paradise (Astrapia). Approxi
mately 670 bird species are now known from New Guinea and offshore
islands, which compares with some 660 from Australia, 750 from North
America, and 1,100 from the whole Palaearctic region. If sub-species are
added, the total approaches some 1,640 forms, of which 320 are endemic
species and 1,200 endemic races (Schodde and Elitchcock 1972).
There also appears to be a significant biogeographical disjunction in the
composition of the rainforest biota at c. 1,200-1,500 metres altitude. Differ
ences in the forest flora above and below c. 1,200 metres have been mentioned
above. Coinciding with this break are marked faunistic changes in some
vertebrate groups: in frogs, an unspecialised hylid fauna gives way to a
highly diversified one at the higher altitudes (Tyler 1970) ; and in birds, a
pigeon (Columbidae)-large parrot-kingfisher (Alcedinidae)-small honeyeater fauna with 41 per cent palaeotropic and 45 per cent austral affinity is
replaced at the higher altitudes by one that, with 82 per cent austral
affinity, has birds of paradise, small parrots, thick-heads, and large honey-
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eaters as dominant groups (Schodde and Hitchcock 1972). In mammals,
moreover, the main centre of endemism lies in the ‘moss forest’ (Gressitt
and Ziegler, in this volume), a zone which, in Gressitt and Ziegler’s sense
of the term, may be equated with montane rainforests above 1,200 metres.
This biota, with its many austral affinities, is not represented in any other
tropical region on earth.
HABITAT ( e CO-GEOGRAPHICAL) UNITS

From the aspect of conservation, the major vegetation habitats in New
Guinea are, in reverse order of eco-geographical significance: anthropogen
ous grassland; myrtaceous-ericaceous heathland; freshwater swamp growth;
eucalypt-paperbark woodland; alpine meadowland; rainforest, including
primary, secondary, and monsoon (partly deciduous) formations (see Figure
13). Each of them are reviewed briefly here, primarily in relation to their
bird fauna because the pattern of niche occupation in New Guinea birds
provides such a useful indicator of habitat type and diversity.
1 Anthropogenous grassland: though widespread in both lowland and
mid-mountain regions, the anthropogenous grasslands are apparently recent
in origin and impoverished in both plant and animal species. Component
plants are grasses (Gramineae) and weedy forbs (Bidens, Melastoma) of
mainly Malesian or pan-tropic distribution. Most birds, also, are representa
tives of widespread palaearctic groups, e.g. Saxicola caprata, Lanius schach,
Anthus novaeseelandiae. Endemism and centres of diversity are generally
lacking. In birds, for example, the only endemics are one bower-bird
(Chlarnydera lauterhachi) and six of the twelve New Guinean mannikin
finches (Lonchura), all of which appear to have evolved recently in response
to newly-created niches.
2 Myrtaceous-ericaceous heathland: heathlands, dominated by myrtaceous (Baeckea, Sinoga) and ericaceous (Rhododendron) shrubs, are found
locally on usually siliceous soils in the Kiunga, Morehead, and Green River
areas in central New Guinea. Because of their small size, they are not indi
cated on the accompanying map of major vegetation habitats. Heathlands
may be more extensive in parts of western New Guinea. Little has been
recorded of their fauna and it is uncertain whether any forms are endemic
to them.
3 Freshwater swamp growth: freshwater swamp lands are well-developed
only on the extensive waterways of lowland New Guinea, particularly along
the Fly (Aramia) and Sepik Rivers, and to a lesser extent in the Meervlakte
of West Irian, the Eilanden-Digoel deltas, and the Kikori-Purari delta in
Papua. In many parts, tall grasses and reeds of the genera Phragmites and
Saccharum dominate the habitat. Rafts of floating grasses (Leersia, Oryza)
are found commonly in the Fly and Sepik river systems. Elsewhere, as in
the Meervlakte and along the low-lying southern coast, swamp and mangrove
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forests are prevalent. Birds are prominent. Some, such as several rails (e.g.
Gymnocrex plumbeiventris, Megacrex inepta), a bittern (Zonerodius heliosylus), and a grass-bird (Megalurus albolimbatus), are endemic. Others, for
example several ducks (Anas, Nettapus), grebes (Podiceps), heron-like birds
(Ardea, Egretta), and cormorants (Phalacrocorax), apparently commute
regularly between Australia and New Guinea. For them, the New Guinean
swamplands may serve as important refuges during dry periods in Australia.
A number of reptiles are also harboured by the swamplands, notable among
which are two crocodiles ( Crocodylus porosus, C. novaeguineae), and long
necked tortoises of the Australo-Papuan genera Chelodina and Emydura.
In southern regions, there is also a remarkable relict, the freshwater turtle,
Carettochelys insculpta, which, as the sole living member of the family
Carettochelidae, deserves special consideration for protection.
4 Eucalypt-paperbark (Eucalyptus-Melaleuca) woodland: this woodland
is confined to dry monsoonal regions of limited area along the southern
coast of New Guinea and about the Ilydrographers Range in eastern Papua.
There are two main centres, one along the Port Moresby coast, the other
on the Trans-Fly plains. Both flora and fauna appear to represent an
extension of the eucalypt woodland biota of northern Australia. The approxi
mately thirty-six species of birds peculiar to these woodlands in New Guinea
are, for example, almost all representatives of northern Australian forms
(Table 10). Other important component animals—leptodactylid frogs (Leptodactylidae), snakes of the genus Pseudechis, the frill-necked lizard ( Chlamydosaurus), a wallaby, Wallabia agilis, and other marsupials—have similar
affinities. There are, at the same time, significant floral and avifaunal differ
ences between the two main centres in the Moresby and the Trans-Fly areas
that appear to have resulted from different times and routes of biotic
immigration. Seven bird species of the Moresby woodlands do not occur on
the Fly while the Fly woodlands, which are biotically richer, presumably
because of proximity to Australia, have twenty-three bird species confined
to them (Table 10). The point in mentioning these differences is to emphasise
the necessity for including both Moresby and Fly areas in any eucalypt
woodland conservation program.
5 Alpine meadowland: alpine meadowlands cap the high mountains of
New Guinea above the tree-line, from about 3,200 to 4,100 metres altitude.
Though extensive in the Snow Mountains of West Irian, they are confined in
the Australian-administered territories to isolated peaks and cover only c. 775
sq. km. (Gostin 1967). Comprising grassland, fen and heath, they are
basically natural, if often somewhat extended at their lower margins from
filing. Their biota is interesting from several aspects: Firstly, it is relatively
poor in forms. Secondly, its geographical affinities, as represented by Epacridaceae, Ranunculus, and Triplostegia in plants, and by a flycatcher-robin
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(Petroica archholdi) and a giant pipit (Anthus gutturalis) in birds, are
diverse, suggesting that the meadowlands have had a history of itinerant
colonisation by plants and animals. Thirdly, many component forms are
endemic to New Guinea. In plants and birds, most endemism is at species
level, though there are some interesting local genera such as the fern,
Papuapteris, the shrub, Detzneria, a snow quail, Anurophasis, and the finch,
Oreostruthus.
T a b le io .

R e g io n a l D istrib u tio n o f B irds P e c u lia r to E u c a ly p t-P a p e rb a rk
W o o d la n d in N e w G u in e a
Port M oresby district

Trans-Fly Plains

*

*

*
*

*
*

Aquila audax
Choriotis australis
Erythrogonys cinctus
Burhinus magnirostris
Geopelia striata
Cacatua sanguinea
Aprosmictus erythropterus
Tyto novaehollandiae
Ninox novaeseelandiae
Dacelo leachii
D . tyro
Hylochelidon ariel
Pomatostomus temporalis
M yiagra inquieta
M yiagra rubecula papuana
Colluricincla harmonica
Artamus cinereus
Oriolus flavocinctus
O. sagittatus
Grallina cyanoleuca
Cracticus mentalis
Gymnorhina tibicen
Melithreptus albogularis
Entomyzon cyanotis
Lichmera indistincta
Philemon citreogularis
P. corniculatus
Neochmia phaeton
Lonchura nevermanni

*
*

*
*
*

*

Geopelia striata
Dacelo leachii
Lalage sueurii
Coracina n. novaehollandiae
Gerygone olivacea
Rhipidura fuliginosa
Myiagra rubecula papuana
Microeca leucophaea
Colluricincla harmonica
Sphecotheres vieilloti
Cracticus mentalis
Melithreptus albogularis
Meliphaga flavescens

* Denotes common to both Fly an d P o rt M oresby areas.

6 Rainforest: the vast rainforests that clothe New Guinea hold the core
of the island’s land vertebrate fauna. In birds, for example, some 45 per cent
of the c. 620 land and freshwater birds indigenous to the island are confined
to primary forest, and another 25 per cent or more live at least partly in this
habitat. In other words, 70-5 per cent of the island’s avifauna are essentially
rainforest forms. The proportion is even higher in endemics, 65 per cent of
which are confined to primary forest while another 26 per cent are partially
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primary, partially secondary forest forms (data partly from Rand and
Gilliard 1967).
It appears that the seemingly uniform expanses of rainforest which support
this rich fauna are, in reality, a complex of biotopes. This is indicated by
three major partitions in rainforest habitat for birds (Table 11). The primary
partition is altitudinal. The effect of the regional cordilleras in zoning the
biota altitudinally and in isolating and promoting diversification in the
forest communities has been described already. Some bird species are
confined to very narrow altitudinal belts. Examples are the crowned pigeons
(Goura) and twelve-wired bird of paradise (Seleucidis), which are usually
found in lowland alluvial forest between 0-200 metres; also Wilhelmina’s
lorikeet ( Charmosyna wilhelminae), the spotted fly robin (Peneothello bimaculatus), and striped gardener-bird (Amblyornis subalaris), which are known
only from between 600-1,200 metres; and the dark vine-wren ( Crateroscelis
nigrorufa), shieldbill bird of paradise (Loboparadisea), and white-flanked
flag-bird (Parotia carolae), which are confined to mid-mountain forests
between 1,200-1,850 metres. Other species are more ubiquitous, the giant
cuckoo-dove (Reinwardtoena), mountain pigeon (Gymnophaps), harpy
eagle (Harpyopsis), and fantail cuckoo (Cacomantis pyrrhophanus), which
range through almost the whole gamut of forested altitudes. Still others
occur at particular altitudes in one part of their range and at different
altitudes elsewhere. For example, the stout-billed grey-bird (Coiacina caeruleogrisea), white-faced robin (Tregellasia leucops), and spotted cat-bird
(Ailuroedus melanotis), all widespread species in mid-mountain forests
throughout New Guinea, are represented by outlier lowland populations in
the region of the southern Trans-Fly plains.
Similar vagaries in altitudinal distribution are found in some trees, such
as the hoop pine (Araucaria cunninghamii) which, usually confined to mid
mountain forests between 700-1,200 metres altitude, extends commonly to
2,500 metres in the Mount Dayman Range in south-eastern Papua (Brass
I956 )*

The secondary partition distinguishes between primary and secondary
forest formations (including forest edges). Secondary forest is found
throughout New Guinea, wherever rainforest has been disturbed, partly
cleared, or is regenerating. Its flora and fauna are relatively poor. For
example, a recent avifaunal survey of the Lake Kutubu area (Schodde and
Hitchcock 1968) revealed that out of seventy species of forest birds recorded,
only twenty, all representatives of widespread New Guinean forms, were
found regularly in secondary growth. Predominant trees and shrubs are
species of the genera Ficus (Moraceae), Macaranga, Mallotus (Euphorbiaceae), Althoffia (Tiliaceae), Vitex, Guensia (Verbenaceae), and Pipturus
and Poikilospermum (Urticaceae) ; representative climbers are the rattan
palms (Calamus), and species of legumes (Leguminosae) and apocynads
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(Parsonsia); at high altitudes, Rhododendron and other ericaceous shrubs
become dominant. Though many forest birds move into secondary growth at
one time or another, few are confined to it. Typical resident forms are the
cuckoo-doves (Macropygia), brush cuckoo (Cacomantis variolosus), whiteeyes (Zosterops spp.), and superb bird of paradise (Lophorina superba).
Birds adapted to life in secondary growth formations have, in general, wider
altitudinal ranges than their counterparts in primary forest, probably because
of the greater uniformity of habitat with altitude: food plants (e.g.
Euphorbiaceae, Urticaceae spp.) of the secondary forests are also relatively
ubiquitous altitudinally.
The tertiary partition is manifested in the segregation of different birds to
different vegetation strata within the rainforest. As a rule, most parrots,
the Papuan hornbill (Rhyticeros), fruit-eating pigeons of the genera Ducula
and Ptilinopus, and friar (Philemon) and wattle-birds (Melidectes) are
confined to the forest canopy. Others, such as the thick-heads, flycatchers of
the genera Monarcha and Rhipidura, owlet-nightjars (Aegotheles), and
paradise-kingfishers (Tanysiptera), live in the middle and lower stages of
the forest interior. And occurring only on the forest floor are megapodes
(Talegalla, Megapodius), terrestrial pigeons (Goura, Gallicolumba, Henicophaps), and log-runners (Orthonychidae). Such segregation is the conse
quence of food requirements, foraging habits, and competition. Similar
segregation, based in this case on display requirements, is found in the three
closely related genera of flag birds of paradise: the enamelled bird (Pteridophora) courts from the highest branches of a tall forest tree, the superb
bird (Lophorina) performs in the forest midstage, while the ‘true’ flag birds
(Parotia) dance in clearings on the forest floor.
DEFINITION OF AREAS REPRESENTATIVE OF TH E BIOTA

For purposes of conservation, two important conclusions may be drawn
from this analysis of vegetation and animal (or at least bird) distribution in
New Guinea: because of their multiplicity of biotopes, the seemingly immense
stretches of primary rainforest are effectively smaller than they appear; and
altitudinal transects cover a broader spectrum of plant and animal species
than latitudinal ones. In other words, a tract of natural forest with its greater
length oriented up and down a mountain scarp will include a greater range
of species than one which is aligned horizontally.
The analysis also makes it possible to define areas of habitat that together,
according to current knowledge, might be expected to incorporate a repre
sentation of biotic communities that reflect an almost complete range of
biogeographical and ecological patterns. Such a delineation has been
attempted here (see Figure 13) in the hope that it will be of some value in
future planning for nature conservation in the region. The major vegetation
habitats and some notable bird species present in each delimited area are
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given in Table 12. It needs to be pointed out that firstly, the tracts delimited
in Figure 13 are not proposed as nature reserves in themselves, but rather
as areas in which large reserves might advisedly be placed; secondly,
the tracts have been oriented across the scarps of the mountain
ranges wherever feasible; thirdly, the tracts have been sited to avoid main
centres of human population as far as possible. The tracts also coincide with
and amplify a number of areas proposed as components of a desirable
national park system by Schultze-Westrum (1971) on a recent World Wild
life Fund Mission to New Guinea.
A greater number of areas has been delimited in the Australianadministered territories than in West Irian, partly because of the greater
variety of habitats there (including eucalypt woodland) and the greater
number of biogeographical communities on isolated mountain ranges (e.g.
those on the northern Sepik ranges, the Saruwaged-Finnisterre Range, and
the Mt Suckling-Mt Simpson massif). It is noteworthy that some thirty-one
species of birds of paradise are found in mainland Papua-New Guinea,
including ten endemics, whereas from West Irian, only twenty-five, including
four endemics, are known. It is also acknowledged that the biota of West
Irian, still relatively little explored, is nowhere near as well known as that
of eastern New Guinea.
The two large islands of the Bismarck Archipelago-—New Britain and
New Ireland-—have been included in the accompanying map of habitats
for two different reasons. Biogeographically, they are part of the New
Guinea region: their relatively impoverished floras and faunas appear to
have been derived from New Guinea, in many cases by colonisation across
the sea (Mayr 1941a, Galbraith and Galbraith 1962). Politically, New
Britain and New Ireland are part of the Australian-administered Territory
of Papua and New Guinea. Islands offshore to mainland New Guinea, and
the smaller archipelagos of the region, have been excluded because each
would have required individual assessment. Bougainville Island has been
excluded also because it is better considered in the context of the Solomon
Islands as a whole.
One might challenge the efficacy of the plot nature reserve system sug
gested here on the grounds that the reserves might not maintain selfperpetuating populations of all the animals that they are intended to.
Because they are so mobile, birds would seem to be the most greatly affected.
Even so, evidence from bird banding (Filewood 1971) and the degree of
avian sub-speciation throughout New Guinea (Mayr J94ib) indicate that
movements in most breeding land birds are, in fact, very local. Though
blossom and fruit-feeders—lorikeets (Loriinae), pigeons (Columbidae), and
some honeyeaters (Meliphagidae)—often flock conspicuously in food trees
from time to time, thus giving the impression of marked nomadism, their
latitudinal and altitudinal movements appear to be rarely great.
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M a cg reg o ria p n lc h ra ?
P etroica b iv itta ta
C n em o p h ilu s m a cg reg o rii?
M ela n o c h a ris a r fa k ia n a

A m b ly o r n is su b a la ris
L onchura caniceps

A c c ip ite r buergersi
P s itta c e lla p ic ta
A n th u s g u ttu r a lis

C inclosom a a ja x
L o n ch u ra caniceps

P achycep h a la rufiventris
leucogaster
A m b ly o r n is su b a la ris

M a c h a e rh a m p h u s a lcin u s
G eoffroyus s im p lex
T a n y s ip te ra danae

T a n y s ip te ra s ylv ia
sa lva d o ria n a

See T able io ; also

A e p yp o d iu s a r fa k ia n u s
G erygone chloronata
A s tr a p ia ro th sch ild i
M y z o m e la adolp h in a e

O tid ip h a p s n o b ilis
H a lc yo n nigrocyanea
P a ra d isa ea m in o r

T a n y s ip te ra danae
C am pochaera slo etii

A c c ip ite r buergersi
C rateroscelis n ig ro ru fa
D rep a n o rn is a lb e rtisii
P a ra d isa ea g u ilie lm i
M e lid e c tes fo e r s te r i

C a su a riu s un a p p en d icu la tu s
P s ittric h a s f u lg id u s
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A valuable parallel approach for identifying natural areas representative
of the New Guinean biota has been put forward recently by Kikkawa and
Williams (1971). It is based on computer analysis of a data matrix of the
distributional and ecological characteristics of New Guinea land birds.
Irrespective of how facile its method, its results, in terms of practical appli
cation for conservation, will be the yardstick by which it is judged. Here
there are several shortcomings that will have to be overcome before it can
be advocated without reservation. In particular, it indicated that ‘geographi
cal areas’ were more important than ‘altitudinal range’ without taking into
account that the geographical sectors distinguished were as much a function
of altitude as of latitude. As a result, Kikkawa and Williams suggested that
large areas in the Hagen-Wahgi ranges, the mountains north of Port
Moresby, and the Fly River basin would include a maximum variety of the
bird species found in Australian-administered New Guinea. It seems, never
theless, that the two highland areas, which have very similar bird faunas,
largely repeat each other, while the zoogeographically distinct areas of the
Sepik basin at lowland altitudes and the northern Sepik and Huon Peninsula
ranges at montane levels have been overlooked. Indeed, to secure a maximum
range of bird species and races, priority would need to be given to reserves
in each of the four following regions: the central highlands at the head of
the Strickland Gorge in the main cordillera; the Fly basin, including TransFly eucalypt woodland; the Sepik basin; and the mountains of the Huon
Peninsula.
m a n ’s im pact o n t h e biota

Even in New Guinea, which until several decades ago remained a rela
tively primeval environment, problems of flora and fauna conservation
devolve directly or indirectly upon man. Though vast wilderness areas still
remain, they have and will be encroached upon at a rapid rate from the
direct and indirect consequences of technological developments (e.g. cash
cropping, mining, timber-getting, social welfare programs) associated with
bringing the New Guinean peoples to self-government and economic selfsufficiency. Man’s impact on the biota is now being felt in three different
ways: from hunting, from the introduction of feral animals, and from the
clearing or disturbance of natural habitat.
Animals are hunted for food, for ornament, and for objects of exchange.
Birds, the rare monotreme Zaglossus, possums (Phalangeridae), and macro
pods (Macropodidae) are among the most highly valued and sought.
Cassowaries are of pre-eminent importance as, apart from the feral pig,
they are the only ubiquitous large wild animal in the region. A single bird
will furnish meat for a village, and its bones can be used in implements and
its feathers for adornment. Other birds prized for food and/or plumes are
the crowned pigeons (Goura), various large parrots and cockatoos (Psitta-
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cidae), the hornbill (Rhyticeros plicatus), mound-builders (Megapodiidae),
a harpy eagle (Harpyopsis), and the birds of paradise (Paradisaeidae).
Growth in human population, and replacement of traditional hunting
methods (bow and arrow, snare) by the more efficient shotgun, are nowadays
increasing the hunting pressure on native animals all over the Australianadministered territories. Presumably as a consequence of shooting, several
large parrots and pigeons, especially those with sedentary habits like the
great crowned pigeons (Goura), have become rare almost to the point of
extinction in many parts of their range where abundant habitat still exists.
Much has been written about the slaughter of birds of paradise for the
plume trade at the turn of the century (Mayr 1945; Gilliard 1969). Killing
for plumes continues today to provide head-dress adornments for the
indigenous peoples’ sing-sing festivals and to contribute in the obtaining of
bride prices. It is no secret that illicit trade-routes traverse the Australianadministered territories for the sole purpose of channelling plumes to
highland areas. Yet the intensity of hunting does not seem to be responsible
for any serious depletion in the number of birds of paradise. There appear
to be three reasons for this. Firstly, relatively few species are sought for
plumes: of the thirty-one currently known from the Australian-administered
territories, only seven or eight are commonly hunted (Table 13). Secondly,
of these, the red and yellow kumuls (Paradisaea raggiana, P. minor), and
superb bird of paradise (Lophorina superba), are species as much of
secondary as of primary rainforest formations. Three others, Meyer’s sicklebill (Epimachus meyeri), the Stephanie astrapia (Astrapia stephaniae) and
enamelled bird (Pteridophora alberti), are centred in primary montane
forests which, occurring in the main above the frostline (c. 2,200 metres), are
rarely encroached upon by agriculture. For these species, habitat is not
limiting. Thirdly, the paradisaeid polygynous breeding system and apparent
breeding capacity of males in immature plumage indicates that uncoloured
as well as coloured males may mate. A recent examination of ten species
and ten genera of birds of paradise (McKean and Schodde, unpublished
data) has revealed that most uncoloured males of these species had testes in
mature stages of spermatogenesis. This suggests that males are sexually
mature and capable of breeding before the brilliant adult plumage is
donned. Whether or not females are attracted to display arenas to mate in
the absence of gaudily-plumed males remains to be shown.
There are three main feral animals: the cane toad (Bufo marinus) , the
deer (Cervus timorensis, Axis axis), and the pig (Sus scrofa). All operate to
disrupt the ecology of natural habitats. Cane toads, found around lowland
towns and adjacent areas, not only eat small reptiles, insects, etc., that are
normally taken by birds and small mammals, but may also poison some of
the larger animals that prey on the toads themselves. Deer, confined so far
to certain parts of lowland southern New Guinea and the Madang area,
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and the ubiquitous pig root and forage destructively on the forest floor,
ruining the environment for the smaller ground-dwelling and ground
feeding native fauna. About towns and villages, feral and domestic cats (Felis
catus) also take their toll of small birds and other native fauna.
Loss of habitat, whether from clearing or burning for garden, village
settlement, or for hunting, has by far the most destructive effect on the
fauna. Indigenous man, it seems, has practised agriculture in New Guinea
Table 13.

New Guinea Birds Commonly Used for Adornment and Trade
Species

Plumages sought

Paradisaeidae
E p im a c h u s fa s tu o s u s
E . m eyeri
A s tr a p ia stephaniae
P a ra d isa ea raggiana
P . m inor
P . rudolphi
L o p h o rin a superba
P teridophora alberti

tail
tail
tail (and body)
flanks
flanks
flanks
breast gorget
nuchal plumes

Psittacidae
P s ittr ic h a s fu lg id u s
E clectu s roratus
C harm osyna papou
N eo p sitta c u s spp.
C acatua g a lerita

wing and tail
wing and tail
body and tail
tail
wing and crest

Casuariidae
C asuarius spp.
Columbidae
G oura spp.
Acciptridae
H a rp y o p sis novaeguineae

body
crest
wing and tail

Tytonidae
T y to longim em bris

wing

Alcedinidae
T a n y sip te ra ga la tea

body and tail

for some 5,000 years (Bulmer and Bulmer 1964; Powell 1970). In that time,
using only fire and stone implements, he has managed to clear great areas
of original vegetation in the Sepik-Ramu-Markham basin and the mid
mountain valleys of all highland regions. His potentiality today with a steel
axe, bulldozer, and power saw can only be imagined.
What effect has this had on the major vegetation habitats and their
contained fauna? Anthropogenous grasslands and secondary forest forma
tions have been augmented rather than diminished at all altitudinal levels.
Swamplands have so far remained relatively unaltered. Eucalypt woodland
and alpine grasslands are frequently burned for hunting, but are otherwise
largely undisturbed. As both, particularly the former, appear to be somewhat
fire-adapted, deleterious effects from firing may be rather slight. The
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faunally-rich primary rainforest, at both lowland and montane altitudes, is
the single habitat that has been and is being destroyed on a relatively large
scale. Because of the geographical continuity of the lowland rainforest biota,
the fauna that once lived in the former forests of the Sepik-Ramu-Markham
trough remains there in local pockets and elsewhere in lowland north
western New Guinea; the survival of component forms is not seriously
threatened yet. Such is not the case with the fauna of mid-mountain high
land regions. Not only is the continuity of the altitudinally-zoned montane
biota broken by mountain topography, thus limiting the distribution of
animal communities, but the 1,200-2,400 metres level, lying in the main
above the malaria zone and below the frostline, is also optimal for human
habitation and exploitation. In this region population growth, technological
development, and forest destruction are proceeding at a faster pace than
anywhere else in Australian-administered New Guinea. Especially endangered
are those species which are local endemics or are restricted to
narrow altitudinal belts. Notable examples in eastern New Guinea are the
blue bird of paradise (Paradisaea rudolphi), one of the flag birds of paradise
(Parotia lawesii), the red sickle-bill bird of paradise (Drepanornis albertisii), the satin bird of paradise (Loria loriae), a tube-nosed bat (Nyctimene
cyclotis), and Archbold’s bower-bird (Archboldia papuensis sanfordi). The
former five apparently depend for survival on large tracts of tall (primary)
forest on gently sloping land surfaces betvveen 1,000-1,800 metres altitude;
the last, as far as is known, is confined to primary (Nothofagus) forest slopes
between 1,800-2,400 metres in the Mt Hagen-Mt Giluwe ranges.
CONSERVATION MEASURES

What of the future? In eastern New Guinea, the Australian Administration
has a good record of legislation designed to protect native fauna from
hunting (Shaw and Downes, 1972). Present ordinances (e.g. the Fauna
Protection Ordinance 1966) not only stringently control the export of
fauna, but also prohibit internal buying and selling of plumes and the use
of shotguns to kill birds of paradise; specially protected species are defined.
One particular problem confronting the present strong legislation is the
difficulty of policing and enforcing it effectively throughout the more remote
parts of New Guinea. In these regions, fauna protection laws are often
honoured as much in the breach as in the observance. By failing to make a
concerted effort to educate the indigenous peoples to the value of the rarer
or more resplendent animals, the Administration runs the serious risk of
having its well-founded legislation held in contempt.
The introduction of feral plants and animals to Australian-administered
territories is now strictly controlled by quarantine ordinances (1953-65). The
protective measures, however, concern the welfare of indigenous flora and
fauna only indirectly. Care is still needed to control the importation of any
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feral or domestic animals that are not host-specific controlling agents for
existing feral pests. It is also desirable that herds of feral deer and domestic
goats, both potentially prodigious destroyers of natural habitat, are eventually
eliminated.
Yet, notwithstanding comprehensive legislative protection, the basic
solution to the problem of conserving the New Guinean biota lies in the
establishment of a system of nature reserves or parks that incorporates a
coverage of adequate areas of all biotic communities over all altitudinal
levels along both northern and southern scarps of the central New Guinean
cordillera and on outlying mountain ranges and islands. There remains today
a serious dearth of protected natural areas. The Australian Administration,
under its recently constituted National Parks Board, 1967-71, has so far
succeeded in gazetting small reserves of c. 1,060 hectares near Port Moresby
(Wariarata National Park), c. 2,080 hectares of forest in the Bulolo Valley
at present in the process of being transferred from the Department of Forests
(McAdam National Park) and c. 60 hectares at Baiyer River (Hallstrom Park
Bird of Paradise Sanctuary). Small forest reserves, whose security is less
certain, have also been set aside by the Department of Forests at Brown
River near Port Moresby and at Kerevat, New Britain. How adequate these
are in containing a cross-section of the New Guinean biota may be judged
from their position and size in relation to the representative areas and
habitats identified here. No data on reserves are available to me from West
Irian (cf. Westermann 1947). There the need for habitat preservation does
not seem to be so pressing, mainly because of lower human population
pressures.
Confounding the setting aside of nature reserves in New Guinea is the
intricate system of land tenure with its vexingly complex titles. Nearly all
land is, as it should be, in the hands of the indigenes. If the Australian
Administration can be criticised for sins of omission in nature conservation,
the blame may be laid on its failure to engender in indigenous man the idea
that the preservation of representative samples of the natural environment
is in his own interest scientifically, culturally, and economically (at least
in respect of tourism). Such failure is all the more serious if it is acknow
ledged that the barely comprehensible changes involved in raising a New
Guinean stone-age society to current standards of technological capability
and economic viability should be carefully balanced against conservation of
the traditional culture and the environment. In practice, balancing these
needs means that if a large area of primary forest land is clear-felled near
Madang for a wood-chip industry, at least some should be retained under
natural forest, if only to exemplify principles of resource management.
Notwithstanding that he may at times be bewildered, even carried away
by the panoply of European technologies, indigenous man is readily and
sympathetically responsive to the need for habitat conservation. Tracts of
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forested land are apparently still maintained in the densely-populated Tari
Valley as sacred groves of the sun, providing a home for a rich bird fauna
(Bulmer 1961). Elsewhere in New Guinea, areas of primary or tall secondary
forest are left intentionally as hunting or fauna protection preserves. So it
would appear that there is no universally insurmountable impediment to
the planning and establishment of nature reserves throughout Papua-New
Guinea, provided that the areas for reservation are reconciled with native
ownership of the land and local community needs. Practical ways and means
of achieving this goal have been suggested by Bulmer (1961) and SchultzeWestrum (1971).
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ii. Special Problems of Fauna Conservation
in Heavily Populated Areas of Japan

S. AS A H I N A

the last twenty years the destruction of natural vegetation in Japan
has been extensive and is intensifying as population increases (especially on
the Pacific coast), together with deforestation, reclamation and general
urbanisation programs. Problems of air, water and soil pollution are consider
able and are adversely affecting human health, e.g. heavy photochemical
smog as in Tokyo, and intoxication of human nervous systems by methyl
mercury (Minamata disease) and by cadmium (Itai-itai disease).
Damage to wildlife has been just as great. Urbanisation and application
of pesticides on the coastal plains have eliminated many plant and animal
species. One protected mammal, the Japanese otter (Lutra lutra whiteleyi),
is now almost extinct and two protected endemic birds (Nipponia nippon
and Ciconia ciconia boyciana) will soon be extinct. Common freshwater
animals, such as frogs, newts (Tritrus pyrrhogaster) and a common mud fish
(Misgurnus anguillicaudatus) have almost disappeared from the plains. An
introduced lobster (Procambarus clarki) has been eradicated by repeated
spraying of pesticides on rice fields. The numbers of a most delicious deepsea shrimp of Suruga Bay, Sergestes lucens, have been depleted by wastes
from paper industries at Fuji City.
As for insects, well-known traditional pets such as fireflies, dragonflies and
rice-plant locusts are now very difficult to see around cities and cultivated
fields. Nearly all the aquatic and semi-aquatic insects have been destroyed
by water pollution.
On the other hand, new pest species are becoming established in urban
areas, for example Culex pipiens molestus (an autogenous mosquito), the
cosmopolitan cockroaches, the fall web-spinner (Hyphantria cunea) from
the United States, a native moth, Euproctis subflava, which occasionally
causes dermatitis, and a poisonous beetle, Paederus juscipes. The introduced
and established frog, Rana catesbeiana, has been exported as food to the
United States, but recent exports were refused by the United States authori
ties, as they contained benzene hexachloride.
Damage to vegetation may be due to air pollution or to a fall in the soil
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water level as well as to a loss due to roadworks and urbanisation. In many
areas of Tokyo the elm trees, Zelkova serrata, lose their leaves two or three
times annually, presumably owing to air pollution; many species are weaken
ed and killed, for example Qjuercus acuta and Q,. myrsinaefolia and many
gymnosperms, whilst mosses and lichens have almost disappeared. Weedy
introduced species replacing the native species in parks and suburban fields
include hogweed (Ambrosia elatior), golden rod (Solidago altissima) and
Erigeron philadelphicus, the latter species with an associated weevil (Listroderes obliquus), also introduced from the New World.
In 1919a Special Natural Monuments Act was passed in Japan to protect
areas of important natural history. Then in 1950 the Protection of Cultural
Properties Act widened protection to include items and areas of significant
cultural importance. At present there are 824 special natural monuments,
with an area of 134,000 hectares, which include notable endemic (and some
non-endemic) animal and plant species and their habitats. These areas afford
legal protection; scientific research can be carried out by permit and some
are subsidised by the government. In addition a few species of insects are
protected under local government ordinances, for example Graphium doson
albidum (Papilio micado) in Yamaguchi Prefecture, Panchala ganesa
(Ganesa loomisi) in Nara Park, and the habitat of a cicada, Euterpnosia
chibensis, in Mobara, Chiba Prefecture.
Most of these important monuments still remain in less heavily populated
areas of Japan, but those located in coastal areas have been seriously
damaged. The otter and two endemic birds are almost extinct, as already
stated. Many habitats of the Genji firefly, Luciola cruciata, have been
disrupted, as have those of the giant Xiphosura Tachypleus tridentatus, in
Okayama Prefecture and the Cephalochordata Branchiostoma japonicum,
of Pliroshima Prefecture. In 1969 the Department of Cultural Affairs started
an urgent survey to plot the distribution of important animals and plants of
each prefecture. Maps denoting their distribution and general vegetation
maps are being prepared. The decrease of green areas around Tokyo was
also checked by the same Department. Activities of the Wild-bird Protection
Association and the Nature Preservation Association have been much
strengthened in recent years.
The number of species of dragonflies in the Tokyo area has declined
from sixty-seven to twenty-one in the last thirty-five years, and in the
Niigata area from thirty-two to twelve in only fifteen years. Seventy years
ago insects could be collected in the central portion of Tokyo, but gradually
insect gathering sites have moved out and insects can now be collected only
more than thirty kilometres from the Circle Line of Tokyo.
As well, interesting particular effects are being observed in the fields and
along the highways. The bright illumination may attract agricultural pests
to the lights and the lighting may often have a long-day effect on the
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growing stage of the insects. In the case of one butterfly species, non
hibernating pupae were produced, which died when the winter came.
Attempts to protect nature from the effects of a high human population
density are not always successful and in Japan effective regulations have
yet to be proclaimed. However, after a strong protest initiated by scientists
from the Utsunomiya University and supported by a broad spectrum of
people, the virgin forest of Nikko was preserved in part. Since 1970 four
cities near Osaka have accepted advice to stop aerial spraying of insecticide
because the spray was ineffective against medical pests but killed many
other organisms. Scientists engaged on research into monkeys often protest
strongly against deforestation and herbicidal spraying of forests and moun
tains and of course these protests, where effective, protect the whole eco
system. While biologists are not yet speaking with once voice, some enthusi
astic groups are alerting the public to the need for nature conservation.
To conclude, owing to Japan’s high population density, destruction of
natural communities is abrupt and violent. In Japan the idea of nature
protection is replaced by the term ‘kogai’, which means ‘public injury’,
involving destruction of the environment directly affecting human life. Even
in the Nature Protection Act of this country the utilisation rather than
preservation of nature is stressed. In Japan we must introduce the principles
of nature conservation into basic education programs in the hope of
influencing the social morality of the world.

12. Some Aspects of Bird Migration
in Asia

H. E L L I O T T

McCLURE

T hrough a program of international co-operation and support1 thirteen

institutions in ten countries have kept teams of bird banders in the field for
the past seven years and have ringed 1,100,000 birds of 1,100 species. From
these have accrued a mass of information concerning the movements and
survival of birds in eastern Asia. Some aspects of these movements are given
here in an interim report. Further examination of our data may, of course,
alter the conclusions.
Birds leaving the north temperate zone in both North America and
Europe have a broad continent to the south of them in which to seek a
wintering place. From North America the breadth of the verdant tropics
is as great or greater than that of the breeding areas from which the
migrants come. From Europe the migrants face a broad land (African
deserts), but it is as inhospitable as the sea and they must cross it to find
extensive humid tropics.
Birds of continental Asia face an entirely different situation. They leave
a broad breeding area and progressively the further south they go the more
mountains they face, the more water they must cross and the more restricted
is the land environment that is available to them. This constriction of the
geographical area available to migrants has had an effect upon the whole
pattern of distribution.
North American migrants end up around the Gulf of Mexico and a large
number spill over into South America and the Amazon valley, at a latitude
of io° S. Western Asian and European breeders stop around the Mediter
ranean with a large spillover into Africa down to io° S and many go on
further into South Africa. Central Asian breeders either go to Africa or,
filtered by the Himalayas, reach the restricted area of India. Eastern Asian
birds flow down to southern and south-east China and South-east Asia, filter
on into Malaysia and stop at Indonesia, again about io° S. There is a belt,
1 This research program was supported by the US Army Research and Development
Group (Far-East), Tokyo, Japan, and in part by the SEATO Medical Laboratory,
Bangkok, Thailand, and by the US Army Medical Research Unit, Kuala Lumpur,
Malaysia.
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somewhat irregular, of migrant concentration between 30° N and 150 N
around the world (see Figure 14). In eastern Asia very few migrant land
forms break through Wallace’s Line to winter in New Guinea or Australia.
During the Pliocene, for a period of some ten million years, the land area
was somewhat similar to the present, but this was a tectonic period of
mountain growth with the massive Himalayas thrown up as barriers to the
south. The Brahmaputra, Irrawaddy and Mekong drainage patterns were
probably already established before the mountain uplifting and managed
to maintain their direction of flow, which should have had important effects
upon the flow of bird migrants. In all probability the great valleys con
stricted the flight paths more than they had been restricted before (Figure
I5)Then followed the glacial periods with extensive coastal changes and
increase in land area of the south available to the migrants (Sundaland).
This land would have been heavily forested and its presence must have
affected the migration paths of most species which must now island hop to
continue along these same routes—house swallows, emberizids, shrikes,
Butastur, ardeids, etc. (see Figure 16).
Prehistorically man must have harvested from these pathways and con
centrations of bird migrants, but he could have had little effect upon them.
Within the range of modern history bird migration has been from areas
heavily populated by humans to the less populated regions of the tropics and
sub-tropics. In spite of the human population explosion this is true even
today except for the over-wintering grounds in India (Figure 14).
Migrant species have retained a high adaptive capability because of the
changes in seasons and environments to which they have been subject.
Within the temperate zone habitat destruction and alteration by man have
been of long duration (hundreds of years) and the migrants have adapted
to this. Except for shifting cultivation much of the tropical over-wintering
areas have been subject to little change for centuries. South-east Asia and
the Sunda area were not subject to great environmental change until the
past half century. Now environmental destruction is so great and so rapid
that only the most adaptable migrant species can cope with it.
In areas of tropical rainforest and tropical deciduous forest the removal
of vast acreages of trees has resulted in greatly increased forest edge and
this has increased the populations of forest edge species and provided favour
able environment for some of the migrants. Mynahs (Acridotheres and
Sturnus), bulbuls (Pycnonotus), thrushes (Copsychus) and many other
species have increased their ranges and populations within the past forty
years in Malaya and Thailand; and habitat destruction in the Philippines
has resulted in rapid change in species distribution, loss of forest forms,
replacement by urban or farmyard species, etc.
Coincident with massive environmental change has been a massive
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Figure 15.

Land Mass of Eastern Asia Toward the End of the Pliocene.

Bird Migration in Asia

153

kilometres (approx.)

Figure 16. Land Mass of Eastern Asia During the Major Glacial Periods when
the Ocean was Down in Level.
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human population explosion in these same tropical and sub-tropical areas
with its concomitant increase in over-harvesting of birds and of wildlife in
general. Figures are not generally available to determine this drain on
nature, but a five-year survey in Thailand (1965-9), showed that more than
861,000 birds were shipped from Bangkok to foreign ports and during this
same period there were estimated local sales of 1.5 million birds. The
estimated export value was US$1.5 million and the local sales value was
about half of that. Table 14 illustrates this environmental drain. I have seen
no such equivalent records from the Philippines, but a study in southern
Taiwan estimated a harvest of 100,000 shrikes at a value of $9,000 in 1966.
Table 14. Wildlife Over-harvesting in South-east Asia (figures from Bangkok,
Thailand, 1968 and 1969)
T w o Y ear T otals
Item
Birds not for food — 350 species

E xport

Local Sales

T otal

399,4° °

349,600

749,000

E x a m p le s

Hawks (Accipitridae)
Z ebra dove (Geopelia)
Spotted-necked dove (Streptopelia)
Parrakeets (Psittacula)
G reen leafbirds (Chloropsis)
Fairy bluebird {Irena)
H ill M yna (Gracula)
Non- p ared ( Erythrura)
M unias (Lonchura)
Yellow-breasted bunting {Emberizd)
W agtails (Motacilla )
Live anim als not for food

900
?
7
20,000
1,800
2,000
86,000
80,000
35,000
?

1,128

2,028

25,790
I 5, i 67

25, 790+
i 5>i67+

22,850
2,700

42,850
4,500

1,578
5,*37

3,578
9 i , i 37

?

29,200
135,560
87,200
17,600

109,200
170,560
87,200 -f17,600-f-

132,97!

17,900

150,871

1,63!

17,575
550
133

19,206
1,100

10,100

26,400
8,500

E x a m p le s

Squirrels (m any species including flying squirrels)
Gibbons (Hylobates)
Monkeys {Macacus)
T urtles (m any species)
Snakes (m any species)
Birds for food 40 ± species
T otal vertebrates not for food

550
6,400
16,300
3,000
?

5,500
i 00,000±

6,533

100,000 4L
899,871 -f-

There was heavy over-harvesting of thrushes and emberizids in Japan
early in the century. Bird-canning factories were opened with the result that
the flights were diminished and the canneries failed. Mid-twentieth century
restrictions on this traffic in birds for food have permitted the birds using
this route and wintering area to somewhat regain their numbers.
The flights of emberizids from Korea are heavily utilised for food in
Taiwan. When an offer was made to buy rings from the commercial netters
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Figure 17. Some Migration Routes of the Emberizids (Finches).
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more than 400 rings from Emheriza spodocephala were bought in an area
where about 8,000 birds had been ringed.
In South-east Asia, from Bangkok alone, we know of annual sales of
Emheriza aureola for pets, release, or food totalling more than 100,000 birds.
In the past enough birds escaped this harvest (and apparently escape at
present) to return to Siberia to nest and to replenish the population. If
environmental disturbance increases in eastern Siberia we can expect a crash
in emberizid populations (Figure 17).
Shrikes (mainly Lanius cristatus) that originate in north central China
and Manchuria are over-harvested in Taiwan and the Philippines. Those
that penetrate South-east Asia are not persecuted for they do not arrive in
such flocks as in Taiwan or northern Luzon. This can be expected to
produce changes in populations and even in sub-speciation since these
continental birds have a greater potential for survival and reproduction
than do those that migrate to the islands (Figure 18).
Many widely distributed species that breed both in the temperate and
tropic zones have mixed populations with different gene elements which
control migration. The percentage of each breeding population with this
migration gene or its dominance varies with the latitude; in general a larger
percentage to the north and progressively less southward. This appears to
be especially true of the ardeids which have breeding populations from
Siberia and Honshu south to Java, only the northern populations or parts
of which migrate (Figure 19). These migration genes may not be universal
in any given population or they may vary in dominance. Whereas the bulk
of a population from Japan or Korea may migrate, only a percentage of
those in Taiwan may do so, while none will migrate from breeding areas in
Malaya or Indonesia. Band recoveries suggest that all of the Japanese
breeding cattle egrets, Ardeola (Buhulcus) ibis, migrate as do nearly all of
the Taiwan ones, but none of those that nest in Java. Segments of the
black-crowned night heron, Nycticorax nycticorax, population in Japan and
Taiwan migrate, but none of those breeding in Malaya or Java. There are at
least two populations of ruddy kingfishers, Halcyon coromanda, in Malaysia,
those that breed in Malaysia and stay there and those that migrate as far
north as Japan and Korea to breed. The blue-winged pitta of Malaysia has
been broken into two species, Pitta brachyura and Pitta moluccensis, one
that migrates and one that does not, but these may be only population
variants.
There are movements of many species over tropical mountains which do
not appear to be related to overt migration. These populations may follow
crop development or they may have limited migration gene imprints. Studies
at Dalton Pass in central Luzon revealed this pattern, with many species of
rails, bitterns, pittas, quail, doves, etc. (Figure 20). No equivalent recoveries
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Figure 18.

Some Migration Routes of the Brown Shrike, Lanius cristatus.
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Figure 19. Population Movements of the Black-crowned Night Heron, Nycticorax
nycticorax.
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Figure 20.

Movement of Birds through Dalton Pass, Luzon.
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East-West Movement of Ducks in Asia.
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Figure 22.

16 1

Migration and Harvest of the Gray-faced Buzzard, Butastur indicus.
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Figure 23. Recoveries of House Swallows Ringed in Thailand and Malaya and
Possible Migration Routes Followed.
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Figure 24. Recoveries of Flouse Swallows Ringed in Korea, Japan and Taiwan
and Possible M igration Routes Followed.
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have been received from a study at Frasers Hill in Malaya so the passage of
birds there is not as well understood.
As in North America, in the latitudes above 400 N there may be extensive
east-west movements of migrants before they go south or north. Figure 21
illustrates the duck movements across Siberia into India and Japan. A single
recovery of a hawfinch, Coccothraustes coccothraustes, across Siberia sug
gests that fringillids may also follow this pattern. Over-harvesting of hawks,
Butastur indicus, in the Philippines is reducing the populations in Japan,
Korea and Manchuria (Figure 22) and may be affecting this flyway.
Species with non-specific habitat requirements which have turned to
urban living, such as the swallows, can cope with environmental change
providing that food chains are not severely altered or interrupted. Wide
use of the hard insecticides which are being poured into the under-developed
tropical countries could be expected to seriously affect the great concentra
tions of house swallows, Hirundo rustica, now using the cities of South-east
Asia as their winter roosts.
Ring recoveries from the house swallow continue to be received and the
migration patterns for this species as they appear at present are shown in
Figures 23 and 24. Those birds wintering in Thailand and Malaya appear
to originate in China, Korea and south-eastern Siberia and to move along
eastern continental routes. Birds ringed in Japan and Korea appear to use
the inter-island route to the Philippines and Borneo. Lack of information
from China makes it difficult to extrapolate further the swallow’s movement
through eastern China. Data presented in Figures 23 and 24 strongly suggest
that the swrallow is following flight patterns set up during the Pleistocene
when there were more extensive land bridges than now.

P art T hree
Pacific R anging Groups,

13. Vascular Plants—Widespread
Island Species

F. R. F O S B E R G

I t is usually the rare, localised species and narrow endemics on small islands
that are the most likely to be threatened with extinction and to be most in
need of protection. Probably very few of the widespread weedy species,
which are aggressive and easily dispersed, have been exterminated by man’s
activities. Widely distributed species may be uniform or polymorphic. They
may consist of discrete populations, recognisable morphologically, or the
polymorphism may conform to no discernible geographic pattern. Local
populations may be sharply bounded or may blend imperceptibly into one
another. They may be genetically or geographically isolated, or both, to
varying degrees. Insular populations have their own special kind of geo
graphical isolation, by water barriers of different widths and effectiveness.
Ordinarily if such local populations have describable morphological or
physiological differences, it is reasonably safe to assume that they differ
genetically.
It n there genetic differences that make the conseivadon of widespread
species a matter of concern. While the narrow endemic that is the traditional
object of concern on endangered species lists may be composed of a few
biotypes, genetically very similar, a widespread species may have scores,
hundreds, or even thousands of such biotypes. It may represent an enormous
gene pool.
Ecologists are now in fairly general agreement as to the desirability of
maintaining as much diversity as possible in ecosystems, as diversity favours
stability, as well as preserving options for the future. Diversity is made up of
genetic heterogeneity within the component species as well as of numbers
of species from a wide range of phyla. Genetic diversity is the raw material
of adaptability and of evolution. Taking a long view of a changing world, it
is clear that many species will disappear, regardless of the efforts of those
who work to save them. This has been true throughout the history of life.
Only the time span has changed. In the past, the rates of evolutionary
differentiation have been such, and the diversity of genetic material suffi-
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cient, to maintain a healthy diversity in the world ecosystem and in its
innumerable subsidiary ecosystems.
Only now, with man’s extraordinary destructiveness, is this balance
threatened. The loss of organic diversity during the last two centuries has
probably never been equalled in any two million years before. This has
closed numerous evolutionary options and possibilities. We not only will never
see a dodo again, but we will not see any evolutionary descendants of the
dodo, nor even anything recognisably related to one. And this is true of
numbers of other evolutionary lines. Without the maintenance of a general
pool of the raw materials with which evolution works, the world faces a
gradual impoverishment, even at best, and considering man’s current be
haviour, clearly a rapid impoverishment, unless he quickly sees the error
of his ways.
It may be objected that ordinary evolution is so slow that its products
can scarcely be of much direct interest in the more immediate future with
which man is most concerned. This is true enough of natural evolutionary
processes. However, in addition to being inexcusably destructive, man has
also been extraordinarily effective as an evolutionary agent in the breeding
of domestic species. There are no visible limits to man’s creativity in this
direction, so long as he does not lose the raw materials.
What is the significance of this for the Pacific Islands? Although insular
floras are characteristically small, the number of islands is large, and each
one is different from the others. Each has a high degree of geographic
isolation. A considerable part of most insular floras is made up of narrow
local endemic species. However, there are also widespread island species and
most of these are variable. Of each of them there are as many or more
isolated, more or less distinctive populations as there are islands on which
they occur. Even the enormously widely distributed strand species, usually
considered uninterestingly uniform, are, when studied, turning out to be
remarkably polymorphic. Thus, of the strand grass, Lepturus repens, there
are many varieties and forms, only a few of which are described (Fosberg
1955). Scaevola taccada has at least five or six clearly distinguishable varie
ties, which are themselves variable. Fimbristylis cymosa is an amazingly
diverse species, which has received a great many names, most of them repre
senting describable variants. The list could be vastly extended. Of upland
species, few are comparable with Metrosideros collina for polymorphism
(Rock 1917; Skottsberg 1944). Gouldia terminalis has scores of varieties and
forms (Fosberg 1937). The genus Wikstroemia, widespread in the Pacific,
seems an inextricable taxonomic tangle, at least in Hawaii. The shrubby
species of Euphorbia (Chamaesyce), Bidens (Sherff 1937), Dodonaea (Sherff
1945, 1947) and Glochidion are so variable in the Pacific Islands that it
is completely unclear what are species and what are local biotypes and
hybrid swarms.
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M uch of this remarkable diversity has already been lost and much more
is going fast, as the islands are developed. Oceania is extremely interesting
to scientists for its widespread polymorphic species, as well as its local
endemics. In fact, it is hard to draw a line between these two classes. In
one case the same worker has handled comparable groups differently
(Sherff 1937, 1938). Nevertheless approaches to conservation of both are the
same—the preservation of a diversity of habitats, open as well as closed.
Many of the plants of interest are pioneers and members of serai communi
ties. Few of them, however, can grow on asphalt. Most are unwelcome in
lawns and gardens. In spite of hundreds of years of mistreatment, most
islands are still interesting. The longer we neglect studying them to find
the essential areas that must be preserved and the correct management
procedures for their maintenance as viable habitats, the more of their interest
and scientific and aesthetic value will be lost.
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14. Vascular Plants—The Altitudinal
Range of Some Taxa

M. M. J. V A N B A L G O O Y

the preparation of maps for the project Pacific Plant Areas, I formed
the impression that Malesian mountain taxa which extend to the Pacific
occur there at considerably lower altitude than in the Malesian archipelago.1
If this impression is correct, it has important consequences for conservation
in the Pacific.
Past studies of vertical distributions in plants have led to a number
of important results that are relevant to the problems to be discussed here.
On large mountain massifs, the vegetation belts are broader than on isolated
mountains. This phenomenon was extensively studied in the Swiss Alps,
where the timberline in the canton of Wallis is situated higher than else
where in Switzerland. The height of the timberline was found to be cor
related with the course of the July isotherm which is higher on large moun
tain massifs than on isolated peaks. As most papers on this phenomenon are
in German—for instance, those of Brockmann-Jerosch (1919) and Schroter
(1926)-—it has become universally known as the ‘Massenerhebungs effect’.
This elevation effect was elucidated for the first time for Malesian moun
tain plants by van Steenis (1961), and for some Swiss alpine plants by
Backhuys (1968). Mountain plants were found to be represented only on
mountains above a certain minimum altitude. On these mountains, however,
the plants can occur considerably below this minimum height. The explana
tion is that on mountains of sufficient height the plants have a zone of
permanent establishment, from which there is a constant downward flow of
diaspores, whereby a zone of temporary establishment is maintained. The
elevation effect can be expressed as the difference in metres between the
lowest mountain where permanent establishment is possible and the lowest
locality known. This difference can amount to as much as 1,000 to 1,500
metres.
In his study on the origin of the Malesian mountain flora van Steenis
(1934-6) distinguished two groups of genera. ‘Microtherm genera’ are those

D u r in g

1 Defined here as including Malaysia, Singapore, Indonesia, the Philippines and Papua
New Guinea.
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confined to the temperate parts of the world, occurring in the tropics only
on high mountains and there not below about 1,000 metres. Examples are:
Astelia, Coprosma and Euphrasia. ‘Eurytherm genera’ are those that,
although well represented in the mountains, also have species in the tropical
lowland. Typical examples are: Eurya, Myrica and Styphelia.
My impression from working on the Pacific Plant Areas Project was that
not only the eurytherm but also the microtherm genera occur at low altitudes
in the Pacific. Moreover, Malesian microtherm genera that require moun
tains of minimum height, that is of 2,000 to 2,500 metres if they are to
occur at all, appeared to be present on Pacific tropical islands much below
this minimum. It should be stressed that tropical Pacific islands are being
considered; it is well-known that many Malesian mountain genera can be
found at sea level in New Zealand, situated well outside the tropics. It is
noteworthy that the altitudinal distribution of plants in Malesia is quite
uniform, there being no differences between Java at 6°S and Luzon at I7°N.
Another important phenomenon is that the telescoping of vegetation belts
which occurs on some low Malesian islands is in terms of physiognomy not
floristic composition. Lam (1926) and van Steenis (1932) describe vegeta
tion types on Talaud and Natuna respectively that are found much higher
elsewhere in Malesia; there were a few representatives of eurytherm genera
but none of the microtherm ones.
M ET H O D

To examine my hypothesis I selected the following areas: Sumatra
(3,800 metres), Malaya (2,200 metres), Java (3,600 metres), Borneo
(4,150 metres), Philippines (2,950 metres), Celebes and Moluccas (3,450
metres), New Guinea (5,000 metres), Taiwan (3,950 metres) and north
eastern Queensland (1,650 metres). These are subsequently referred to as
Malesian areas. Then I selected a number of island groups in the tropical
Pacific: the Bismarck Archipelago and the Solomons (2,850 metres), the New
Hebrides (1,800 metres), New Caledonia (1,650 metres), Fiji (1,300
metres), the Samoas (1,850 metres), the Societies (2,250 metres), the Mar
quesas (1,200 metres) and the Hawaiian Islands (4,200 metres), referred to
as Pacific areas. The next step was to select a number of taxa, Phanerogams
and Cryptogams, occurring in both Malesia and the Pacific. The choice of
my material was determined by the following criteria: the taxa should be
native to the area and well-known taxonomically; they should preferably
have a wide horizontal range; in Malesia they should have a broad vertical
range; they should not be too rare or scantily collected. Few taxa, especially
at the species level, meet all these conditions. Thus, most of the taxonomic
units considered are genera, as listed and described in local floras, published
and unpublished revisions, and by the Pacific Plant Areas Project (van
Steenis and van Balgooy 1966), supplemented by studies of material from
Kew and Leiden herbaria.
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All taxa considered show two tendencies: the same taxa occur at lower
altitudes in the Pacific than in Malesia; and the total altitudinal range in
the Pacific is in general narrower than in Malesia. These tendencies are
most clearly shown by Keysseria and Astelia, and it is my impression that they
are also a feature of other genera in addition to those shown in Table 15.
A satisfactory explanation for the two trends is difficult to find. Whatever
the explanation, however, the question is: what are the consequences for
conservation in the Pacific? In the Pacific the impact of man on the original
vegetation is greatest in the lowlands, to which many taxa are restricted.
Therefore it is particularly important that lowland areas receive high priority
in conservation.
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15. Birds and Mammals

Birds and Land Mammals in the USSR
A. A. K I S T C H I N S K I
I n t e n s iv e studies of terrestrial animals in the Pacific regions of the USSR
began in the 1920s. At present, faunistic inventories are nearly complete
for most areas, but still there are otherwise well-studied regions (Com
mander Islands, Anadyr Basin, the southern part of the Primorye Territory,
etc.) and territories that have yet to be investigated by zoologists. Long-term
dynamics of distribution patterns have been established for several mammals
and birds (for example, moose, arctic fox, lynx, squirrel, chipmunk, wild
reindeer, musk deer, geese). These animals are conditioned both by peculiari
ties of the sub-arctic ecosystems themselves and by climatic changes and
human activities.
Ecological data have been obtained for some species (e.g., bears, wild
ungulates, arctic fox, squirrel, sable). These data are more or less sufficient
for general management and conservation. However, the population
dynamics of only a few species have been studied in detail, notably Martes
zibellina kamtschadalica and Ovis nivicola coriacorum. Besides faunal
studies, attention is being paid to autecological investigations of economically
important species (game animals, small rodents) as well as rare or
endangered ones. Studies of specific adaptations of animals to extreme
(arctic and sub-arctic) environments are also in progress.
Although intensive exploitation of land animals began only recently,
anthropogenic changes in the ecosystems are already very important,
especially in animal life. Sable was exterminated from the greater part of
north-eastern Siberia by 1900. Owing to special conservation measures, how
ever, its area and numbers have now almost recovered. In the nineteenth
century and at the beginning of the twentieth, the area of distribution of
wild reindeer was greatly reduced; at the present time, the range and num
bers of the species are increasing steadily, and several new viable populations
have appeared.
Numbers of some species have greatly diminished in recent times, however
(e.g., Nemorhaedus goral, Cervus nippon, Felis tigris, F. pardus, Grus vipio,
G. japonensis, Ciconia c. boyciana and some waterfowl species), mainly
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owing to a direct extermination of birds and to habitat destruction by man,
especially in the forest zone. In particular, we believe that the main cause
of the continuing decline of many waterfowl populations in north-eastern
Asia (e.g., Anser albifrons, A. fabalis, Branta bernicla orientalis, Nettion
formosa) is due to an excessive mortality during migration and in winter
quarters in South-east Asia, outside the USSR. In this connection, the status
of birds wintering in North America and in the open sea seems satisfactory
(e.g., Branta bernicla nigricans, eiders, long-tailed duck).
Efforts to protect fauna have been made by the USSR since the first
years of economic development of the Pacific region, and especially in recent
years. Some measures have been introduced under general governmental
Acts (for example, the well-known conservation measures for marine mam
mals; Resolution of the Council of Ministers of the RSFSR, ‘On the protec
tion of the Arctic fauna’, 1956). Many additional measures are taken by
local authorities.
Conservation activities are of the following three types:
1 General environmental conservation of large territories: for instance, in
the Khabarovsk region ‘A multiple plan for nature conservation, 1971-1975’
has been ratified. It includes the construction of water purification plants,
reforestation, the establishment of sanitary-protection zones, control of air
and water pollution, conservation of animals, etc., for which considerable
sums of money have been allocated. In some regions (e.g., Sakhalin, Kamtchatka) there exist Nature Conservation Societies which include faunal
sections.
2 The establishment of a network of especially protected territories: the
completely protected areas, where all economic activities are banned
(zapovedniks), have been organised in Primorye Territory (Sikhote-Alinsky,
Sudzukhinski, Suputinski and Kedrovaya Pad Natural Reserves), in the
Amur basin (Zeyski, Komsomolski, Khinganski, and Khekhtsirski Natural
Reserves), and in Kamtchatka (Kronotski Natural Reserve). They play
a very important role in the preservation of typical ecosystems as a whole,
as well as of some endangered animals—goral, tiger, leopard, sika deer,
sable, etc. Special reservations have been created on islands: Moneron,
Tyulenyi, Mednyi and in the Middle Kuril Islands for the protection of
marine mammals, but their regime also provides for the conservation of
land animals and terrestrial ecosystems. Landing of ships or even approach
to the shore, low altitude flights, and all types of shooting are prohibited
there. On Wrangel Island there is a reservation to protect polar bear
denning areas, walrus landing places, snow geese and seabird colonies. On
Karaginski Island a new reserve has been established to protect waterfowl
and seabird colonies. Many regional reserves (zakazniks) have been created
where hunting of all or several species of mammals and birds is banned
temporarily.
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3 Protection and management of individual species: hunting rare and/or
endangered animals is prohibited in some regions or everywhere, for example,
Felis tigris, F. pardus, Ursus maritimus, Nemorhaedus goral, Cervus nippon,
Enhydra lutris, Cerorhinca monocerata, Otis tarda, cranes, swans, Ciconia
c. boyciana, white egrets, Platalea leucorodia, Philacte canagica, Falcipennis
falcipennis. Hunting sable, otter, wild ungulates as well as exploitation of
seabird rookeries is permitted only by special licences limited in number.
Shooting and trapping of all other game species are restricted to certain
periods and subject to special regulations. Thanks to these measures, the
numbers of several species are gradually increasing (sable, wild reindeer)
and those of others have been stabilised (tiger, polar bear).

Seabirds

G. F. V A N T E T S

T h e Pacific Ocean has an avifauna which has evolved to exploit and

survive in the world’s largest expanse of mainly open water. For our purpose
here seabirds are defined as those which feed in the open sea. They include:
phalaropes, gulls, terns, noddies, auks, penguins, petrels, albatrosses, pelicans,
gannets, boobies, cormorants, tropic birds and frigate birds.
They tend to nest and roost on isolated islands in colonies on the ground,
in burrows or in trees. They transport nutrients, mainly phosphates and
nitrates, and humus, algae and debris, from the sea onto the islands. Burrow
ing seabirds cultivate as well as fertilise the soil of islands and thus help to
support island floras and faunas. Renewable concentrations of nutrients
are harvested as guano on islands near Peru and elsewhere. Fossil concentra
tions of nutrients are mined as phosphate by Australia and New Zealand
at Nauru Island and Ocean Island.
On many islands seabird eggs, meat and feathers are harvested on a
renewable basis. The harvesting of mutton birds in Tasmania and New
Zealand is a major local industry which properly managed permits the
taking of millions of birds without reducing the breeding stock of the
species involved.
Seabirds are threatened by the introduction of continental mammals to
their nesting islands. The nesting habitat may be destroyed by soil compac
tion and erosion and by destruction of vegetation due to the teeth and
hooves of herbivores such as goats, pigs, deer and cattle. Nesting seabirds
or their eggs and chicks may be locally exterminated by the introduction of
carnivores and omnivores such as dogs, cats, mongooses, rats and monkeys.
On some islands over-harvesting by man has eliminated some seabird
species.
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Recently, large-scale habitat destruction on oceanic islands has included:
strip mining and prospecting; establishment of civil and military airfields
and navigational aids; nuclear tests and conventional bombing; and con
struction for tourist facilities. The food of seabirds is locally being reduced
by over-harvesting and pollution. Some pollutants are also inhibiting the
reproduction of seabirds and other organisms.
Flights of seabirds may guide mariners to landfalls and may have assisted
the prehistoric settlers of the islands in the Pacific Ocean. Flocks of seabirds
can assist fishermen in finding schools of fish, squid and Crustacea. The
number and kind of seabirds may act as visual indicators to types and
conditions of oceanic waters. Seabirds are at the top of oceanic food chains
and they may be used to monitor the effects of industrial, fungicidal and
insecticidal pollution of the seas.
Some of the threats to seabirds can be explained as being due to the
human population explosion and the dwindling environmental resources.
Co-operation of all nations and persons who are concerned with the
Pacific Ocean should help preserve the seabirds as resources for present and
future generations.

Seals c.

L. H U B B S

C ommercial overkill has pushed various marine mammals to the brink of

extinction, but only the Steller sea cow of Bering Sea, Hydrodamalis gigas,
and the Caribbean monk seal, Monachus tropicalis, have probably been
eradicated. The gray whale, Eschrichtius gibbosus, and three seals that
inhabit eastern Pacific oceanic islands have been so reduced in numbers
that they have been thought extinct, but under some degree of protection
have survived and seem to be multiplying.
1 The population of the northern elephant seal, Mirounga angustirostris,
had been reduced before 1900 to probably fewer than 100. Through
protection, the number that haul out on Guadalupe Island, off Baja Cali
fornia, had materially increased by 1946, and has now expanded to about
15,000; and colonies have been re-established on Californian islands. The
southern elephant seal, M. leonina, failed to survive the orgy of sealing on
the oceanic islands off Chile during the late 1700s and early 1800s, but has
held out on sub-antarctic islands.
2 The Guadalupe fur seal, Arctocephalus townsendi, was long thought
to have been exterminated by sealing, but a few were taken on Guadalupe
Island, its major habitat, in the 1920s. In 1946 a stray was seen on San
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Nicolas Island, California. In 1954 I located a group of fourteen on
Guadalupe Island. The resurgence has since been documented. Recent
censuses have approached 400; probably more than 500 haul out on this
island. A few keep appearing on Californian islands. Over the past few
years the similar, supposedly extinct Juan Fernandez fur seal, A. philippii,
has been relocated on four oceanic islands off Chile. Recent censuses suggest
a population recovery comparable to that attained by the Guadalupe fur
seal. Rigid protection of these resurging yet still miniscule populations is
urgently needed.

16 .

Marine Organisms—Tropical Algal
Ecology and Conservation1

M. S. D O T Y

T h e rational use of man’s resources requires knowledge we do not yet have.
This is conspicuously true for the marine organisms. They are so unknown
that in only such rare cases as that of the recent depredation of coelenterate
coral by Acanthaster plancii and by sedimentation has conservation been
considered for a sessile form. Other marine conservation has been incidental
to preservation of the birds on adjacent land.
There has been no conservation of tropical marine algae. Yet they are
responsible for food production in the sea. Through being the major lime
stone producers they are largely responsible for the land and reefs in the
atoll and low island areas. It also appears that they are the major producers
of fixed nitrogen in these calcareous regions and may serve as major sources
of the organic matter by substituting for humus in the more inorganic atoll
soils. The restrictions imposed here and there on commercial harvesting of
littoral organisms have been economic in origin rather than aimed at
rational usage of the resource.
Rational conservation requires preservation of a minimal area which
includes examples of ecosystems containing the species to be preserved.
Unless the ecosystems are preserved the evolutionary pressures on their
populations wrought by changes in the environment will cause loss by evolution
of the organisms and the very characteristics for which conservation is
sought. Radical changes in the environment as in the case of the losses of
coelenterate coral by sedimentation near Singapore and high phosphate
near Honolulu (Yamazoto and Townsley, in press) are the usual concern.
Over-harvesting of one species or another (Chapman 1967), as in the case
of the pilchards and the sea otter off the Pacific Coast of the United States,
will disturb and change ecosystems but, left alone, in time they can be
expected to recover if the environment is not otherwise changed and the
stock is not reduced too far.
Among the marine algae the floral elements and ecosystems at different
1 Financial assistance from the US Atomic Energy Commission and the US Sea Grant
program is gratefully acknowledged.
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sites indicate changes with latitude, longitude and age of the site. Exotic
species may appear as a result of man’s activities. Some species fluctuate
greatly in their abundance from time to time. Knowledge of all these
phenomena is required for conservation. Some aspects of these phenomena
are reviewed here as an introduction to the nature of these problems insofar
as the benthic marine algae are concerned. They include biological transport
and importation of exotics, the status of marine algal biogeography, and
longitudinal changes in the sea reef communities seen as one crosses the
tropical Pacific.
Control of the transport of biological organisms from one area to another
is desirable if the endemic organisms, their populations and ecosystems are
to remain with us. However, making laws about this which are unenforce
able would only hinder science and industry. First, one must understand how
undesirable organisms are transported and then see what can be done.
Despite rigorous and expensive control to prevent insect importation into
the United States, the fruit flies, scale insects, etc., come in anyway (e.g.,
the recent appearance of the Eurasian pine scale in Hawaii).
Importation has taken place in the case of marine organisms many times.
In Hawaii this has conspicuously involved the marine algae. In the case of
Eucheuma, which is likely to be of benefit if it becomes established, this was
after thorough review by biologists and the governmental regulatory bodies.
In other cases, weedy species of no known value have appeared and become
dominants. Since much of the qualitative character of a beach area is
determined by the seaweeds on it and since they produce the food for
specific animals, the crowding out of the indigenous species by exotics poses
some serious problems. Studies are under way on some of these algal imports
into Hawaii. Three of them are particularly notable: Ulva reticulata,
Acanthophora spicifera and Nemacystus decipiens, all of which have arrived
in Hawaii without man’s positive encouragement.
Ulva has been recognised (Doty 1961, Tsuda 1969, Trono 1969) as being
absent from the central Pacific atolls and high islands. Dickie (1875) felt
Ulva was introduced to the central Pacific on ships. For a long time only
one species, U. fasciata, was to be found in Hawaii. U. reticulata Forskal is
now common there also. The author has made a particular search for this
species in the world’s herbaria and among local collections for specimens
from the islands. The specimen having the earliest date, 1933, was found
in a book given the author by Dr Otto Degener. There are several specimens
in the author’s herbarium from the 1945-6 period all collected from the
leeward side of the island of Oahu. In contrast with what is found today,
these thalli have very slender segments.
Ulva’s being absent from high islands in this central Pacific area would
seem to indicate two alternative explanatory hypotheses. First, Ulva just has
not reached the central Pacific and, second, it requires a water more

TTropical Algae

185

ruutrient-rich than naturally found there. Ulva reticulata having reached
Hawaii lately (Gilbert 1962) and U. fasciata being present (R. T. Tsuda,
piers, comm.) near the shipping dock area of Peleliu would indicate that
b'Oth hypotheses have merit.
Acanthophora spicifera J. Ag. arrived in Hawaii about 1951 (Doty 1961),
possibly from Guam on a heavily fouled barge bottom. In contrast to Ulva
reticulata, it has shown no change in form with time. Acanthophora and
Ulva are now among the major algal populants of reef shoreward margins
in areas heavily populated by people.
Nemacystus decipiens (Suringar) Kuckuck was first found in Hawaii in
May of 1963 and as yet is known only from the most populous island, Oahu.
The first collection was made at Swansea Beach Park on the windward
coast of Oahu just north of Kaneohe Bay. From there it spread to Kaneohe
Bay and the Waimanalo area a short distance southward and within three
years became very abundant. In mid-1970 it was found at Diamond Head
Beach Park along the south-eastern leeward coast and in March 1971 it
was abundant on Sargassum echinocarpum near the seaward edge of the
reef at Waikiki. Here a quantitative study was commenced and its movement
as a population was followed closely for the first time.
With time the Nemacystus population has changed in hosts and position
a t Waikiki. While it first appeared on Sargassum echinocarpum in the most
seaward portions of area A on Figure 25, after April 1971, it became
prominent on S. polyphyllum in area B. In a preliminary inspection, Nema
cystus was not seen in area B; thus, in Table 16 zero population might be
recorded for periods before 3 April when the first set of data was obtained.
This earliest set of data is unreliable for nearly all but six of the twenty-four
samples were lost.
It is interesting to have recorded the blooming of this Nemacystus crop
and its decline and to postulate the nature of this change. Is it a case of an
Table 16. Standing Crop of Nemacystus decipiens in a Restricted Area at Waikiki,
Oahu Island, Hawaii, April-June 1971 (the values are given in grams per square
metre from the average o f twenty-four samples collected in randomly selected
circular areas 45 cm. in diameter; the whole area, shown as triangles on Figure 25,
was 4,300 square metres)

Number of rings
with the alga
Wet weight
Dry weight
Per cent
dry weight

April
10 17

May
24

6*
21
23
24
1.3* 68.8 162.6 181.4
0.19 3-4 9 -1 13-5
15

5

6

7

i

8

15

22

29

24
24
24
23
24
344.3 247.8 172.9 154.8 139.9
20.9 19.6 12.i 12.3 10.2
6

8

7

CO

3*

5

June
12

19

24
24
24
106.0 83-3 87-9
7-5
9 -i
7-5
9

* Projected from only six samples but two of which contained Nemacystus.

9

9

yr* x

mmatm
:

Figure 25. The Reef Flat Study Area at Waikiki, Oahu, Hawaii (the two grid
areas, A and B, are those in which both the environment and the standing crops
of the algae have been measured at intervals for a few years).
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exotic blooming in a new area and then disease or herbivores reducing the
bloom, or is it seasonality that will be repeated? Note that while the mass
per square metre increases and then declines, the per cent dry weight
increases (Table 16) with time.
As an extension of the above work, the amount of algal material washed
onto a specific segment of the beach shown below and to the right in Figure
25 was measured daily. Table 17 provides the record for Nemacystus; none
having been found before 9 May. Note how it is only after the standing
crop on area B of Figure 25 (Table 16) begins to decline that the species
begins to appear on the beach. T hat the per cent dry weight is higher than
in the crop harvested in situ could mean it is the older fronds that get
washed ashore.
Table 17. Amount of Nemacystus decipiens Washed onto a Section of Beach at
Waikiki, Oahu Island, Hawaii, May-june 1971 (the values are average weights
in grams per square metre harvested per seven-day week ending on the date given)
3
N um ber of days
species found
W et weight
Dry weight
Per cent
dry weight

0
—
—

A pril
10
17

0
—
—

0

24

i

—
—

0
—
—

0
—
—

8

M ay
15

22

29

0 2
— 0.32
— 0.04

0
I
— 1.22
— O.13

13

11

5

Ju n e
12

19

2
7
4
2.30 4.89 0.16
0.22 0.50 0.03
10

10

19

With minor exceptions, Sargassum is absent from low islands. It appears
to be around all high islands and on all continental shores of the tropical
Pacific. Since the high islands are scattered among the atolls it cannot be
that the species just did not get to the low islands. It seems more logical that
some quality contributed to the water by a high island is required by
Sargassum.
T he extant algal floras perhaps all developed as results of equilibria being
established between such imports as described and endemics. An under
standing of these floras is essential to their conservation and rational use.
As a first step to this end, at the Tenth Pacific Science Congress the Sub
committee on Algae of the Standing Committee on Pacific Botany was
encouraged to produce check lists and bibliographies of algae for the Pacific.
It was recommended this be done on the basis of nine geographic areas.
Dawson (1946) did this for one area of the warmer temperate north
eastern Pacific coasts and it has proven most helpful. Scagel (1957) prepared
a related study for the colder temperate north-eastern Pacific and Womersley
has begun publishing (1956, 1967) a similar survey for Australia. Chapman
(1971) has begun for the area covering New Zealand to Samoa. Thus far
the other areas have not been dealt with, though concerted efforts for the
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Philippines by G. Velasquez and G. Trono and the present author and R_
Tsuda for the central Pacific in general and for Vietnam by Pham Huang
Ho are being made at present. L. Egerod is covering the Thai area. T..
Widdowson is involved in another similar project related to his studies o£
the Hong Kong flora as is J. Price of the British Museum in respect to the
algal floras of the world.
In undertaking the work for the central and western tropical Pacific, a set
of overriding problems immediately came to the fore. These were the vast
geographic areas where, as Taylor (1950) and Trono (1969) note, little
collection has been done and for which there was very little in the way of
pertinent publication until twenty years ago. Interestingly the major of these
earlier algal publications were incidental results. For example, Yamada spent
several weeks making a thorough collection of the algae of Ponape and
made one short picnic trip to the atoll, Ant, eight miles away. The latter
got into print (Yamada 1944) almost as a diversion from the main joh
which has not yet reached the publication stage. Another example is the
floristic knowledge to be gleaned from the publications of the Palau Marine
Biological Station, principally those of Kanda, which were (Kanda 1944)
largely incidental to his ecological work. An effort has been made subse
quently to collect in these areas. Much of this needed material is now
available for study or is being studied at the University of Hawaii.
Another problem is that in an island group there is no neat quasi-linear
arrangement that can be used for presenting distribution. Along an essentially
north-south shore, such as the west coast of North America, the linearity of
the coast makes such a study easier. Around a large island, distributions can
likewise be listed serially. The problem has been met for the present island
area by recording collecting stations in terms of latitude and longitude.
The classical method of reporting records by political area, e.g., ‘New
Holland’, or station number or place name is hardly a way of approaching
an understanding of the cause and effect relationships between distribution
and the environment. Precise and objective latitude and longitude recording
will enable algal distribution to be related to physical factors such as those
measured in physical oceanography.
It was decided that lists, the conventional form, were a waste of effort as
they are out of date with the first piece of new information. A punch card
system was devised to obtain the advantages of electronic, data-handling
machines and the flexibility of a card system which can be kept up-to-date
by merely adding or removing cards.
Thus far 385 papers have been scanned or extracted to obtain over 47,000
punched cards. The cards begin with a binomial and a bibliographic refer
ence that consists of author and date of publication. The remaining informa
tion includes latitude and longitude, elevation in metres above or below sea
level (largely to distinguish between fresh water and marine algae) and the
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Marsden Statistical Rectangle number. Marsden Statistical Rectangles are
a quick way of referring to a geographic region by io° squares of latitude
and longitude. The cards also bear other kinds of information not pertinent
here.
It is easy to determine the geographic distribution for a given species or
genus from the complete 895 page print-out of the cards. It is also easy to
obtain a bibliography for any genus or species. A check list or bibliography
for any given area is similarly easy to produce. Such studies are facilitated
by sorting the cards by machine. Alphabetical sorting by binomial name
brings all cards of a given genus and species together. Sorting by latitude
and longitude or by Marsden Statistical Rectangle puts the information in
geographic order. In either case all the information can be printed in
special lists such as have been made for several people for their particular
purposes and for which special sorting was done. The desired information
can then be read from these temporary lists, or the cards can be read directly
without machinery.
To date there are essentially no publications dealing with distribution
within the region of our concern: that from the old world tropics out into
the Pacific. At least none derived from detailed plots of the latitudes and
longitudes of the places from which the species concerned were reported.
Thus while Setchell (1935) could not apply Wallace’s (1962) ideas on
distribution to the marine algae, he made many biogeographic comments
that are outside the scope of this paper. Wallace’s ideas were based largely
on birds and insects. Unfortunately, our information indicating the validity
of Wallace’s ideas for the marine algae is largely negative. The waters
between Kalimantan and Sabah (Borneo) and Sulawesi are so calm that
they could be expected to form a blank in the distribution of species requir
ing considerable water motion.
The eastern shores of Kalimantan to the west of Sulawesi seem to be
almost phycologically unknown as is the vast area yet further to the east,
including New Guinea, the Bismarck Archipelago, the Solomons (aside from
the recent work of Womersley and Bailey 1969) and the New Plebrides.
For most of the perhaps 450 genera in our records the species are too
infrequently reported or their taxonomy is too uncertain. One can readily
see from scanning the cards or a print-out from them that the genus
Ceramium, with forty species and 300 reports, could be of little value owing
to the few reports available for most species and the taxonomic uncertainty
at the species level. The same would seem to be true of Eucheuma and
Udotea and many other genera. Reports of them are not useful for bio
geographic studies.
Fortunately, some of the commonly reported species can be identified for
certain. Among them Tydemannia expeditionis, Acaiithophora spicifera and
Actinotrichia fragilis are conspicuous. Tydemannia expeditionis is a unique
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and striking alga, though growing at such depths that it is not often collected.
Acanthophora appears from an inspection of much of the material to be but
one species, A. spicifera, though reported under four species names. The
Actinotrichia is almost ubiquitous in the Indo-Malay area and can hardly
be confused with any other species. For biogeographic purposes reports of
these three are, thus, useful.
Tydemannia expeditionis is distributed north from Lombok (Sunda
Islands) to Mindoro (Philippines) and east of Borneo through the Moluccas.
Thence it is found through the Carolines and as far west as the Ralik Chain
of the Marshall Islands (Eniwetok to Jaluit). That it is not known from
east of i30°E longitude and south of the equator, i.e., New Guinea or east
of it; nor from east of i6g°E longitude in the northern hemisphere may or
may not be due to the lack of collectors looking for it in the lagoon depths
where it grows. In the area of concern here, Acanthophora spicifera follows
a distributional pattern similar to that of Tydemannia except that it is
known also from Samoa and Hawaii.
One of the genera that should be conspicuous in any tropical marine algal
biogeographic study is Halimeda. The published reports are many; our file
has 958 items recording material under twenty-four species names. There
are two species conspicuous in shallow water almost wherever this genus
occurs. They are often called in the older records H. opuntia and H. tuna.
In the newer papers, since the treatments of Egerod (1952) and Hillis
( 1959) 5 these two are usually designated H. opuntia and H. discoidea,
though L. Plillis tells me one cannot indiscriminately read H. discoidea for
all central Pacific records of H. tuna, though surely most of them do indeed
refer to it. There is wide variation in this species and, thus, the use of this
species must depend on a study of the material and not the many published
records.
Halimeda opuntia is a second species occurring nearly constantly but with
a different story. In the eastern part of our area and in Hawaii this species
is typically a prostrate entangled alga attaching at many places, with brittle
hard segments, often growing in the shade and, as elsewhere, generally in
water a little deeper than its H. discoidea/II. tuna companion. However, in
lagoons surrounded by igneous terrestrial shores, such as in Sulut Lagoon at
Libaan on the island of Cebu in the Philippines, it forms hemispheres or soft
cushions of soft dark green branches and segments 0.3 metres high and up
to 1.0 metres in diameter just below low tide in full sun. It would hardly
be recognisable, except with a microscope, if one did not find small forms
and forms transitional to much more calcified simpler forms having single
holdfasts. This latter grows on hard, coarse sand with the marine flowering
plants Thallasia or Enhalus. Hillis is presently concerned with this problem
and the collections seemingly intermediate between these forms with but a
single attachment and the forms with many attachments which will occur
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near or with the simplest reef flat form mentioned. Perhaps she will find
there are several species involved here. At any rate the old information on
Halimeda makes little biogeographic sense and the current status of our
knowledge of this genus, despite the splendid recent monograph (Hillis
1959), awaits the results of Hillis’s current work with these two species
before a reliable biogeographic study can be made.
Polysiphonia and its relatives would be unsuitable at present for a study
for all the reasons that make Ceramium unsuitable. However, through the
monographic efforts of G. Hollenberg, this group is taxonomically suitable
for a biogeographic study in the central Pacific. Hollenberg reported just
such results at a previous Pacific Science Congress but has not published on
this specific topic extensively.
Turbinaria is a readily recognisable genus, frequently reported and
possibly useful. However, until recently only sufficient records of T. ornata
were available for a distributional study of the eight species in our lists.
Taylor (1964) now makes clarification of the biogeography of Turbinaria
possible. Plotting the distribution of the old records gives no useful result.
Plotting the distribution of the species as Taylor records them provides a
very interesting set of patterns, which he discusses.
Most clearly, the centre of distribution for the Turbinaria species is an
axis extending through the Philippines from the Moluccas at the south
toward the southern Ryukyus in the north. However, two species, T. decurrens and more clearly T. conoides, are distributed along parallel axes
extending from the Philippines south-eastward across the equator to the
Society Islands. T. ornata extends beyond and covers the range of these
other two species. T. gracilis occurs south of the range of T. ornata on both
the east and west coasts of Australia. It is the species with the most nearly
exclusive range.
Sargassum is still hopeless taxonomically for a biogeographic study in the
central and far western Pacific. Ho (1967) has improved this situation and
reported on it to the 11th Pacific Science Congress. Setchell in one of his
papers on the genus (1937) did discuss its distribution, but not much was
said in reference to the central Pacific.
The species of Caulerpa would seem to be a complicated situation which
R. Taylor is doing something about in his study of the Indian Ocean species.
They are of considerable ecological interest, most often occurring in abund
ance where currents are consistent or in excurrent situations on reefs or
lagoon bottoms. Some species, such as C. racemosa (of which we have 210
records), are perhaps too ubiquitous to be useful. C. brachypus is recognisable
as a member of a vicarious pair and not merely lC. prolifera in the Pacific’.
It is common in the eastern old world tropics and seems, from our present
knowledge, to extend north of the equator at least eastward as far as
Palmyra Island (50°N; 163°W) in the central Pacific.
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Some species are so widely spread as to have seemingly little value for
biogeographic studies. Actinotrichia fragilis is one of them. It seems to be
throughout both the far western and central Pacific. Anacystis montana,
with seventy-one records, seems to be wherever one looks for it and, like
most blue greens or, even, fresh-water algae, present wherever the habitat
is found throughout the world.
Udotea is known largely from the Lesser Sunda region and northward into
the Philippines; thence eastward north of the equator. Three types extend
eastward from the Philippines: U. argentea, U. orientalis (including U.
palmetta) and U. javensis. Only U. javensis extends to the east of i7i°E
longitude. This species reaches Hawaii or is replaced there by U. ahbreviata
Gilbert.
Padina is another genus the taxonomy of which, if consistent, would be
useful for biogeographic studies in the central Pacific. It is hoped the
present work of T. Tanaka and J. Gaillard will provide this consistency.
Like Udotea its distribution is attenuated toward Hawaii where an endemic
species is reported.
The dropping out of species is pronounced as one moves eastward across
the central Pacific. Whereas in the west there are three species of Bornetella,
only one is present in Plawaii. Many common genera such as Eucheuma,
Digenia and Cymapolia common to the western Atlantic and western Pacific
are absent in the central Pacific. Eucheuma striatum is present and reported
by Kanda (1944) from Palau and is present in Ponape. The other genera
do not extend so far eastward. An isolated population of Eucheuma, E.
uncinatum, appears only in the Gulf of California. There seems to be no
native Eucheuma between them. Sargassum is reduced from as many as
twenty or thirty to three in Hawaii.
Explanations are yet to be found. True enough there is the generally
westward movement of the currents. The water to the west is warmer and,
thus, more supersaturated with calcium and there is a great deal more calm
water. The common great increase in calcareous organisms as one moves
westward in tropical seas is surely related.
The more intensive calcification to the west in the tropical seas leads us
to expect a higher calcium or dissolved organic matter content of the water
to the west. Both seem possibly true from recent measurements made in the
author’s laboratory. Algae are sensitive (Williams 1970) to calcium-potassium
ratios in sea water and to light as demonstrated with use of calcium-45.
Others (e.g. Anderson et al. 1966) have also noted responses to calcium in
natural waters. Yet there has not been much advance in our knowledge of
the calcium content of the Pacific over the initial work of Moberg and
Revelle (1937), but with Gillbricht (1967) some concern for the noticeable
variations in calcium content of different marine related waters is now
being shown.
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Longitudinal and latitudinal variations in calcium and dissolved organic
matter have been plotted. The interest here has been in whether the areas
more rich in calcareous algae (and coelenterate corals) found as one
approaches the tropical western Pacific are related to differences in dissolved
calcium and organic matter. While this seems possibly true, the differences
are small. It would seem non-uniform field techniques, local water type,
upwelling and other phenomena prevent definitive conclusions from the
present 360 samples analysed.
While a sizable (over 10 per cent) increase in calcium between 50°N and
the equator at about i6o°W longitude was found, the east-west difference
from the South American coast to the Sulu Sea is only about half this.
Hypothetically, we expect differences like this in the water between successive
thalli and during the day. However, nearness to land and the factors
disturbing the values of dissolved organic matter are at play here, too. The
analyses were all made at one time with standards run every forty samples
on an atomic analyser; and thus these analyses seem reliable.
Earlier analyses provided much higher values and a general increase
toward the west from the Galapagos to the Philippines. The dissolved
organic matter variation is perhaps really nil for in the surface metre of
water sampled the values from the later analyses and current methods are
usually near 1 milligram per litre throughout, which levels agree with those
of N. Ogura of Tokyo Metropolitan University. It would appear variation, if
present, must be sought from sampling done in such a way as to avoid
water from the surface metre-thick layer.
The centre for distribution of the algae of the central Pacific seems to be
the Philippines. The algal flora is attenuated toward Hawaii where
Japanese, Australian and perhaps some few species related to the continents
of the Western Hemisphere appear along with the old world tropical species.
Strange as it may seem, it appears that, over all, the algal flora of Hawaii
resembles most closely that of Mauritius, among areas for which detailed
floras have been published. There seems to be little evidence for a nowdisappeared land of origin (Ladd i960) for central Pacific species inter
mediate in position between Hawaii and the old world tropics.
Of great interest is the change in ecology as one moves across the Pacific.
As in the case of mere biogeographic distribution, consistent taxonomy and
nomenclature of the reefs and organisms on them is a major problem. No
less is the lack of opportunity to make uniform studies of the phenomena at
a really satisfactory set of sites across the Pacific. Thus a consistent story is
hard to draw since many of the observations we must use were made at
different places by different people. No less is the problem that the reefs of
the central Pacific, which are so strongly dominated by algae, intergrade
with those which are animal-dominated to the west. These problems are yet
obscuring the observations, obfuscating efforts to communicate them and
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are obdurate in the face of our present research capabilities, e.g. in travel,
method and taxonomy.
This is not the place to present the details of reef morphology, but they
do change across the Pacific. Suffice it here to provide two contrasting lists
of features (Table 18) and record the observation that they seem to inter
grade as one passes from one geographic extreme to the other. They also
seem to intergrade on one atoll as one passes from the windward to the
leeward shores which are, respectively, more like those of the eastern and
western Pacific.
Table 18. Contrasting Reef Morphologies of Philippine and Tuamotu Islands
The reefs of the Philippines
in the western North Pacific

The reefs of the Tuamotus
in the eastern South Pacific

Most conspicuous organisms: coelenterate coral.
Reefs most strongly developed in bays
and calm water or along channels with
steady current.
Seaward edge dark, usually brownish in
colour.
Form, in section, flat or sloping toward
the seaward edge, the highest part hori
zontally remote from the seaward low
tide line.
Grooves and spurs seaward of the highest
part of reef minor; reef margin entire to
irregular.
Excurrent channels of reef water princi
pally large and originating inshore of
reef’s highest part and outward flow
largely tidal.

Most conspicuous organisms: melobesioid
red-algal coral.
Reefs most strongly developed on wind
ward and other consistently wave-exposed
shores.
Seaward edge pink to red.

Deep passes on a reef between islands
frequent and between reef patches tor
tuous and few.
Ridges of coral rubble frequent and
found near the sea edge of the reef-flat.

Form, in section, flat or raised at the sea
ward edge which is near the seaward low
tide line.
Reef margin with grooves and spurs
seaward of the highest part of the reef
common.
Excurrent channels shoreward of highest
part of reef shallow as a rule. Excurrent
channels of reef water principally small
grooves extending seaward through high
est part of reef and outward flow largely
in relation to troughs between waves.
Deep passes on a reef between islands few
and between reef patches many and
broad.
Ridges of coral rubble far inshore from sea
edge of reef-flat and often forming the
shore or leading to island formation.

Studies must yet show which marine algae need be conserved for we
know little of their values or rarity. Species formerly thought to be narrowly
endemic now are known to be widely scattered. For example, Gibsmithia
hawaiiensis occurs in the Philippines at Bulusan on the southwestern coast
of Luzon, in Guam (R. Tsuda, pers. comm.), and in the Ryukyus (H. Itono,
pers. comm.). It was first discovered in Hawaii and thought to be an
endemic genus. Species such as Ulva reticulata and Acanthophora spicifera
get around and, perhaps eventually, will get to all suitable habitats. Seaweed
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responses to man’s activities are not well known; though some, such as Ulva
fasciata, appear when pollution increases. Man is just beginning to realise
the values in seaweeds and has begun to farm some.
The most important barriers to progress are the lack of monographic
studies of such common genera as Sargassum, Padina, Ceramium, Polysiphonia, Dictyota, Laurencia, Hypnea and Caulerpa. Work is needed especi
ally on coralline algal taxonomy. Let us give all encouragement possible to
such basic studies in order that the level of knowledge can rise from the
descriptive stage to the functional and man can come to recognise the
values in the algal ecosystems worthy of conservation. He can then, through
planned rational use of the algae, come to benefit maximally from them.
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17. Marine Organisms—Introduction of
Serranid and Lutjanid Fishes from French
Polynesia to the Hawaiian Islands
J. E. R A N D A L L

and

R. K. K A N A Y A M A

T h e native Hawaiian shore fish fauna is conspicuous by the lack of snappers
of the genus Lutjanus and gropers of the genera Epinephelus and Cephalopholis. In the rest of the tropical Indo-Pacific region there are many species
of these genera, some of which are abundant. Many are among our most
valuable food fishes. They are also highly regarded as game fish.
The lack of such species in the Hawaiian Islands is not understood.
Temperature would not seem to be a limiting factor for many of the species.
Although Hawaii is marginally tropical, it is not as cold as Japan, where
fourteen species of Lutjanus and fifteen of Epinephelus are found. Species of
these genera are also well represented at islands at southern latitudes of the
Pacific which are farther south than Hawaii is north. Possibly the absence
of these fishes from the Hawaiian chain will be shown to be due to their
having a shorter period of larval life than other fishes which have naturally
colonised the islands. Reef and shore fishes are dependent on passive
transport of their eggs and larvae by ocean currents for their dispersal.
Hawaii is so isolated, both geographically and hydrographically, that any
route from a tropical region, in terms of present-day current patterns at
least, would be a long one.
In 1955 the Division of Fish and Game of Hawaii began considering the
introduction of some of these fishes to the Hawaiian Islands. The Society
Islands seemed a good area from which to bring these fishes. They are nearly
as far south as Hawaii is north and they were within range of the exploratory
fishing vessels of the laboratory of the Bureau of Commercial Fisheries based
in Hawaii. These vessels could import the fishes in their large baitwells.
Beginning in early 1956, the senior author conducted studies on lutjanid
and serranid fishes in Tahiti and Moorea to determine which species seemed
the best prospects for introduction. A major consideration was the food
habits of these fishes. The stomach contents of 1,305 specimens of sixteen
species of Serranidae and Lutjanidae (in the broad sense) were examined
(Randall and Brock i960). Other considerations were the relative size of
the species and, related to this, how prone they are to cause ciguatera (fish
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poisoning). Large fishes that prey on ones of moderate size are one step
too high in the food chain to be advisable for introduction from a product
ivity standpoint. Some of these, such as the species of the groper genus
Plectropomus and the snappers Lutjanus bohar and L. monostigmus, are
prone to be poisonous in toxic sectors; hence they were eliminated from
consideration.
The gropers Epinephelus merra, E. hexagonatus and Cephalopholis argus,
known in Tahiti as the tarao, tarao au and roi respectively, and the snapper
Lutjanus vaigiensis, bearing the Tahitian name toau, seemed to have the
best attributes. None attain large size; the tarao, tarao au and toau probably
do not exceed 35 centimetres, and the roi may reach perhaps 50 centimetres.
Only the roi has been implicated with any frequency in ciguatera, but
nowhere near to the same extent as species such as Lutjanus bohar. These
species are the most important market fishes of their respective families in
Tahiti, and it is obvious from the amount of fishing in Tahiti and the other
Society Islands that they are withstanding considerable fishing pressure for
reef species. Nothing about their food habits would seem to rule them out
as worthwhile introductions. They feed mainly on small crustaceans and
small fishes. The tarao feeds about two-thirds of the time on crustaceans
when considered on a year round basis. During the months of the southern
summer it feeds rather heavily on young surgeonfishes which are recruited to
the reef at that time. The tarao au and toau feed about equally on small
crustaceans and small fishes. The roi eats more fishes (about 77 per cent of
the stomach contents). Of the stomach content fishes which were identified,
very few were of economic importance. The crustaceans included shrimps,
especially alpheids, small crabs, and stomatopods; again, few have any
commercial value.
In September 1956 nearly 2,000 gropers and snappers of sub-adult size of
these four species were collected from Moorea lagoon for transport to
Hawaii. The fishes were fed on frozen smelt en route. Only 315 died, most
of these being snappers. Immediately on arrival in Honolulu, the fishes were
treated with copper sulphate, while still in the livewell, to rid them of
external parasites.
They were released in Hawaiian waters as follows: 469 tarao and 239
toau to Kaneohe Bay, Oahu; 132 tarao to Kauai; 113 tarao au to Maui; 171
roi off Brown’s Camp, Oahu, and 400 roi off the Kona coast of Hawaii.
All were liberated in relatively small sectors to enhance their proximity
during reproductive periods. The introduction of these fishes was widely
publicised in the news media. Fishermen were asked to return them to the
sea if caught.
Two years later eight species of snapper and groper from the Marquesas
Islands were introduced, this time with no preliminary studies. Of the 2,591
individual fishes introduced, 2,435 were the small yellow, blue-striped snapper
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Lutjanus kasmira, known in Tahiti as the taape. The only species common
to the 1956 introduction was the toau, of which twenty-three were liberated.
The other species were: Epinephelus fasciatus (fifty-one individuals), E.
spiniger (twenty-two), Lutjanus gibbus (forty), Lethrinus sp. (possibly
variegatus) (twelve), and Cephalopholis urodelus (eight). All were released
at Kaneohe Bay, Oahu.
In the introductions of both 1956 and 1958 the gropers tended to remain
in the area of release whereas the snappers were more prone to migrate.
Within nineteen days of liberation, one taape was caught 84 kilometres away.
None of the original transplants could positively be shown to have migrated
from one of the Hawaiian islands to another.
In May i960, 3,400 snappers of the species Lutjanus guttatus from 13 to
18 centimetres in length were brought back from Manzanillo Bay, Mexico
and released off Molokai and Oahu.
In December 1961, 8,140 gropers and snappers were transported from
Moorea and released in Oahu. These were Lutjanus vaigiensis (1,780),
L. kasmira (728), L. gibbus (137), Cephalopholis argus (1,800), C. urodelus
(1,800), Epinephelus merra (1,030), and E. hexagonatus (865).
Actually, before this last introduction, there was evidence that three
species had successfully reproduced in Hawaiian waters. In August i960, a
toau of 20 centimetres was caught off Kauai, and the following month one
of 23 centimetres was taken off Hilo, Hawaii. Also in August i960, a taape
22 centimetres in length was taken off Hawaii. As these snappers were
released only off Oahu, and since they were of a size too small to be
original transplants, they had to be Hawaiian-born.
In March 1961, a roi estimated to be 15-20 centimetres long was sighted
by Fish and Game personnel off Brown’s Camp. Soon thereafter small
specimens were caught off Oahu. The sightings of small fishes of these
three species increased, and in October 1966 the three species were declared
open to year round fishing. By 1969 they had entered the commercial and
sports fisheries in considerable numbers, especially the taape.
It is likely that the snapper Lutjanus gibbus has become established. Only
137 individuals were brought in, and there have been few captures. One,
however, was caught off South Point, Hawaii in 1966. Since this is more
than 320 kilometres from the area of release on Oahu, and over deep water,
it seems unlikely that an original transplant would have migrated there.
Since 1966, however, there have been just two individuals sighted, both off
Koko Head, Oahu, in 1967.
To our knowledge none of the other species have become established, but
specimens of Epinephelus merra and Cephalopholis urodelus were either
caught or seen by officers of the Division of Fish and Game as late as 1971.
Three C. urodelus 25 centimetres in length were seen in Maunalua Bay,
Oahu in February 1971 and a 34 centimetre tarao was speared in Kaneohe
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Bay, Oahu in March 1971. The last of the snappers from Mexico (L.
guttatus) that was caught was a 50 centimetre female taken off Oahu at a
depth of 90 metres in February 1963.
Although some of the introductions of these and other fishes to Hawaii
have been made in a rather haphazard manner, none appears to be very
detrimental, although it may be too early to say this. Hawaii now has an
advisory committee on the introduction of aquatic organisms to Hawaii
which should play an important role in preventing indiscriminate trans
plantations.
It seems likely that an increasing number of introductions of marine
animals may be attempted from one part of the Pacific to another, or
between oceans. Just as many introductions on land have had undesirable
effects, so they will in the sea. In our opinion, no transplantations should be
considered without intensive study of the organism, its natural environment,
and that of its intended new home. One thought should make us proceed
with the greatest caution. Once an organism has become established in the
marine environment, the new locality will probably have to live with it for
as long as man survives on this planet.
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Part Four
Conservation Status and Problems of
Oceanic and Offshore Islands in the Pacific

18. Review of IBP/CT Survey of
Oceanic Islands

GINA DOUGLAS

role of the Conservation Section of the International Biological Program
(IB P/C T) in surveying oceanic islands dates from the Eleventh Pacific
Science Congress in Tokyo in 1966, and follows proposals of Holdgate and
Nicholson (1967). As a result of these proposals a resolution was adopted
on the ‘Conservation for scientific study of a series of Pacific Islands’, calling
on IBP and the International Union for the Conservation of Nature (IUCN)
to develop a joint program for permanent conservation of an adequate
series of natural habitats throughout the Pacific. The plan of action adopted
outlined four successive objectives which have now been more or less
achieved: initial preparation of regional reports; consideration of these at
an IBP/CT Technical Meeting; preparation by IUCN of a draft Conven
tion for conservation of oceanic islands; finally culminating in a review of
progress at the Twelfth Pacific Science Congress.
Following the IBP/CT Technical Meeting held at Koror, Palau Islands,
and Guam in November 1968, a Check List of Pacific Oceanic Islands was
prepared. The basic document used in compiling the check list was the
Gazetteer of Pacific Oceanic Islands (Bryan 1942-3). Other basic sources
were the Admiralty Naval Intelligence Handbooks for the Pacific (1943-45),
and the 10th edition of the Pacific Islands Year Book (Tudor 1968). These
were used to build up a skeleton check list which was clothed with additional
information pieced together gradually from publications ranging from the
Atoll Research Bulletins and Bishop Museum Bulletins to accounts of
individual voyages in the Pacific. The chief source of such references was the
bibliography of Sachet and Fosberg (1955). The check list in its present
form is very much a first draft, for which additional information is still
being obtained and is invited. It summarises existing information on the
administration, population, size, physical characteristics, ecological and
biological interest, land use and existing conservation status for each island
or atoll, together with the main references to that island. The information
is presented in six columns as shown in Figure 26. The first three columns
give a four-letter locational geocode and reference number by which the
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oceanic sector and island group can be identified, and the accepted name,
administration, population and size of the island. The last three columns
include provision for information of the physical character with a description
of the vegetation and the names of threatened and endemic species of plants
and animals, a summary of past and present land use and human impact
(aerial photographs, etc.) and, lastly, the present conservation status and
references to published papers. Thirty-nine islands have so far been recom
mended for conservation as ‘Islands for Science’ (Nicholson and Douglas
197 0 ).

It was originally intended to limit the entries in the check list to the
strictly oceanic islands, defined by Wallace (1880) as volcanic and coral
rocks lacking all land mammals and amphibians. In practice it was found
that such a definition could not be applied and that it would be more
realistic to include all Pacific islands that were small, isolated and with
relatively impoverished flora and fauna. It is these simple ecosystems that
appear to be particularly vulnerable to disturbance by settlement and the
introduction of alien species and are of especial interest for conservation.
Thus the present check list includes islands in the Aleutian Chain and the
Great Barrier Reef islands which are not truly oceanic in character. In
compiling the list it proved very difficult to describe the larger islands such
as New Caledonia, Ilawaii and Viti Levu within the check list format and
these entries are limited to ‘thumb-nail’ sketches.
Entries in the check list are arranged in five sections, the traditional
divisions of Polynesia, Melanesia and Micronesia with twro extra categories
to include the islands in the eastern Pacific that do not really come into
Polynesia and the non-tropical islands roughly north and south of 30°
latitude.
The first sector is that of the eastern Pacific which includes entries on
fifty-seven islands or islets off the west coasts of North and South America
from Guadalupe Island to the Juan Fernandez islands. These are mainly
volcanic islands, some still with active vulcanism, such as San Benedicto in
the Revilla Gigedo Islands and Narborough (Fernandina) in the Galapagos.
Although there are a considerable number of scientific publications on the
natural history of these islands, there is still a need for first-hand up-to-date
information, particularly on the impact of introduced animals and plants on
the indigenous flora and fauna. (For instance, the reports from the Charles
Darwin Station on Santa Cruz (Charles Darwin Foundation for the Gala
pagos Isles 1964- ) include frequent references to new sightings of goats on
islands otherwise thought to be free of feral livestock.) All the eastern
Pacific islands recommended for conservation are in the Galapagos Group,
but it is possible that other undisturbed islands could be considered as
suitable candidates for inclusion.
The Polynesian sector includes all islands and atolls from Plawaii to
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Easter Island, extending westwards to include the Ellice Islands and Tonga,
to give a total of 289 individual entries. The Hawaiian Islands and the
Phoenix and Line Islands appear to have the best overall accounts of biology
and ecology at individual island or atoll level. Scientific publications for
most other Polynesian islands tend to concentrate on ethnology, taxonomy
and geology, and general geographical descriptions often have to be gleaned
from popular accounts which concentrate more on picturesque aspects of
island life than on island ecology. The most difficult groups to describe in
this sector were the smallest Tongan islands, the Tuamotus, the Austral
Islands and the Marquesas.
The entries for Micronesia are generally of a higher standard. Some
ecological descriptions are available for the Bonin and Volcano Islands, the
Marianas and the Marshalls. A report on a recent Japanese expedition to
the Bonin and Volcano Islands is expected shortly. Although very little
scientific information is available on the uninhabited and undisturbed islands
in the Marianas selected for conservation these are thought to be of particular
scientific interest largely because of the almost total lack of human impact.
The Melanesian sector includes entries for 341 islands, the largest section
in the list, but many of these entries are for small islets in the Fiji group
and for the Great Barrier Reef islets. All the ecological and biological
information on the smaller Melanesian islands could be expanded, and much
of the information on the smaller Fijian islands needs to be brought up to
date regarding intermittent use and settlement. The entries for the New
Hebrides, Santa Cruz and Torres Islands are also very limited in scope. It
would also be possible to expand this section of the list with individual
entries and descriptions for many of the islands around New Caledonia
which have not so far been included. This is probably the least satisfactory
section of the check list and was certainly the most difficult to compile.
The last section of the list includes 109 entries for islands roughly above
the 30° latitude north and south. In the north these include the Bering Sea
islands, the Commander Islands and the Aleutians. Detailed information
for the Russian islands was received after the list had gone to press. The
larger Aleutian Islands have relatively complete descriptions but the smaller
ones are usually only listed. Again this is a sector from which further islands
for conservation could be selected.
The southern non-tropical islands also include the northern Kermadecs
and Norfolk Island which, although north of 30°S, were described with the
other Australian and New Zealand islands in the South Pacific. Most of
these islands are reasonably well documented and recent New Zealand
expeditions have done much to add to the biological knowledge of some of
them. Some groups such as the Chatham Islands and Bounty Islands have
still not been ecologically surveyed. The New Zealand offshore islands have
not been included in ’he list but information is available on most of these
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small groups and could certainly be included in the check list or in a list of
Pacific offshore islands.
The next phase of the GT survey of oceanic islands will be to revise the
check list and to transfer information on existing protected areas and on
sites recommended for protection to IBP/CT check sheets (Peterken 1967).
Some additional information has already been added to the draft descriptions
of the thirty-nine Pacific ‘Islands for Science’ as part of the recommenda
tions for their conservation and check sheets for these islands are being
completed for input to the CT Data Bank. This operation will help to link
the survey aspects of the CT program. Meanwhile, work is going ahead both
in the CT office and through IUCN on the extension of the survey to the
Pacific offshore islands so far excluded and to the islands in the Indian and
Atlantic Oceans. The legislative requirements arising from recommendations
by IBP/CT are being actively followed up by IUCN and the original
program for island conservation is being fully implemented.
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ig. Past, Present and Future Conservation
Problems of Oceanic Islands

F. R. F O S B E R G

O ceanic islands may be defined as those which have never been connected
with any continental land mass. Basic to the special conservation problems
of these islands is the nature of their biota. On oceanic islands there is no
likelihood that there will occur a balanced, broadly diverse but coherent
assemblage of plants and animals which have evolved in equilibrium with
one another and with their environment and which fill all ecological niches
in a complete ecosystem. On the contrary, the original stocks from which
these biotas evolved were assembled by chance, from individuals or propagules that came by long-distance dispersal over the ocean, and that were
able to establish themselves and to survive in new habitats. In the cases of
at least some islands, the new habitats were open ones, where competition
was minimal and where any organism that was physiologically able to
tolerate the new habitat had a better than normal chance to survive,
propagate itself, and perhaps give rise to new evolutionary lines, possibly
radiating into more than one ecological niche.
Biotas assembled in this fashion have been subjected to a strong filtering
effect. Large herbivores and the carnivores that would subsist on them are
missing or very rare as are many parasites and predators that are limited
in their host or food possibilities to one or few species. Groups that for any
reason are poorly adapted to crossing water barriers are under-represented.
Total numbers of species are likely to be small, and total numbers of original
stocks that were successful much smaller. The proportions of locally evolved
species are usually higher as the distance from continental land increases,
even though the total numbers of species may be smaller. Likewise, since
most oceanic islands are basaltic volcanoes either with or without partial or
complete coral limestone caps, the sub-strata, too, tend to have fewer
variations and less complexity than is usual in similar areas on continents.
Thus, the diversity inherent in oceanic island ecosystems tends to be very
low compared with continental ecosystems of the same size and topographic
complexity. It is a fairly generally accepted ecological principle that the
stability of an ecosystem is directly related to its total diversity. Thus
209
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oceanic island ecosystems tend to be inherently poorly resistant to disturbance
and abuse.
The fact that on most oceanic islands a large proportion of the species of
plants evolved in the absence of large herbivores and trampling animals
mitigates very strongly against the plants having any inherent defences
against the trampling and browsing of such animals if introduced. Thus in
the entire Hawaiian indigenous flora only about three species are prickly
and these reached the islands already equipped with these defensive features.
The Hawaiian Urticaceae are entirely without stinging hairs, likewise the
Euphorbiaceae. Bitter and poisonous plant substances on these islands are
rare or absent. The roots of the trees are commonly very near the surface
of the ground, and they often grow in a soil that is extremely shallow over a
hard bedrock. As a result of these factors, as well as of the lack of the
natural enemies and diseases that keep large mammals under control, island
vegetation is exceedingly vulnerable to the activities of introduced animals
such as goats, sheep, cattle, deer and pigs.
When Vancouver brought cattle to the Hawaiian Islands in 1790 he
considered the gift of these to the Hawaiian chiefs as a great boon to the
island people. However, he initiated a period of rapid decline in the native
vegetation of the islands. The great propensity of mariners to introduce goats
on islands as potential future food supplies for shipwrecked seamen brought
about unprecedented degradation of the vegetation cover of islands every
where and initiated serious and accelerated erosion on their slopes.
We know little of the effects of the aboriginal inhabitants on most islands,
but in some cases they may have been far-reaching. It is generally believed
that the kukui (Aleurites moluccana) belt, so conspicuous, especially on
Oahu, Hawaiian Islands, is the result of introduction of this tree by preEuropean Hawaiian immigrants, and its subsequent almost complete replace
ment of the rich lower zone of the montane forest. Large areas, also,
especially in valley bottoms and on coastal flats, were taken over by the
people and the native vegetation had to make way for agriculture—taro
marshes, sweet potato patches and coconut groves. Actual clearing was slow
because of the immense labour involved in doing it with stone tools. Fire,
however, undoubtedly made great inroads on the forests. Replacement was
then mostly by native plants, since relatively few aggressive exotics wrere
brought by the Polynesians. Similar circumstances doubtless prevailed on
most other island groups that were inhabited before European contact.
Judging by the high estimates of population on many islands at the time
of European contact the pressures on the environment and natural biota
must have been severe. In New Zealand the moas, giant flightless birds, are
known to have been exterminated by the Polynesians (or their precursors).
We know almost nothing of other things that may have disappeared as a
result of aboriginal man’s activities. If the Mascarene Islands had been

Problems of Oceanic Islands

21 i

settled by prehistoric people the dodo and the solitaire probably would not
have survived to be eliminated by Europeans and their dogs. Very likely
other highly vulnerable forms, both animal and plant, vanished without
leaving a trace when the Pacific and other oceanic islands were first reached
by aboriginal man.
We have little evidence, however, of serious environmental degradation on
oceanic islands in pre-European time, in spite of the high population
estimates at the time of contact. The Polynesians, at least, from what is
known of their history, may have had a sense of the dangers of over
population. They apparently knew of birth control. Moreover, when an
island became too densely populated, a segment of the population, led by
a younger chief, might set out on a search for a new island home. If
unsuccessful, there would usually be no return.
Various religious taboos involving food tended to spread out the consump
tion pressure on the various diet components, avoiding over-exploitation of
any one critical item. In the Marshall Islands religious taboos were employed
to make effective what anyone would recognise as a conservation measure.
Certain islets and even two small atolls were set aside as bird and turtle
sanctuaries, insuring a continued breeding stock no matter how badly the
animals were over-exploited outside the sanctuaries. It was only with the
coming of Europeans and the substitution of a religion that had neither
conservation ethic nor any tolerance for even a trace of a pagan custom,
that these sanctuaries lost their protection. Even in recent years an aura of
superstitious fear persisted around some of them, affording some protection.
These islets and the two atolls (Pokak and Bikar) incidentally are places
where sea birds persist in enormous numbers even now. These fragments of
information, taken with the fact that Europeans did not find seriously
degraded environments, suggest that perhaps, at least in some island
societies, aboriginal man had come to terms with his severely limited
environment and developed functional conservation customs.
With the coming of European man all this disappeared. A culture based
on accumulation of wealth, equality of opportunity, complete individualism,
and greed, was unsuited to a conservation ethic. Compounded eventually,
though not at first, with a fast population increase, the demands on the
environment insured rapid and serious degradation.
This was augmented on uninhabited islands by the tendency of ship
captains and others to spread goats and other hoofed animals to almost every
island in the Pacific. Ecosystems that had evolved in the absence of such
animals were suddenly exposed to population explosions of them. The
results, even in the eighteenth century, were at times recognised as catas
trophic. A governor of St Helena once wrote to the British Admiralty that
the goats should be removed as they were destroying the forest. The level of
thought in official circles concerning nature conservation was well illustrated
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by the reply, to the effect that the goats were of more value than the forest.
Forest degradation resulted in serious erosion on the steep volcanic slopes.
At the same time numerous species of exotic plants were brought in. Many
of them became naturalised and occupied the habitats provided by the
degradation and opening up of the closed original vegetation. Various
species of native plants, and the animals dependent on them, became scarce
or extinct. Certain habitats, where the land was arable, were eliminated
altogether, to be replaced by sugarcane fields.
On a few islands, such as Laysan, rabbits were introduced, with catas
trophic effects. At about the same time, large-scale killing of birds for their
feathers occurred. The eventual result of these events was the creation of a
bird refuge in the Leeward Hawaiian Islands and a degree of protection,
but too late to save a number of local endemic species of both animals and
plants.
Early in the post-contact period calcium phosphate, in the form of guano,
earthy phosphate, or phosphate rock, was discovered on some islands. These
islands were subjected to ‘strip mining’ which degraded the surface, elimin
ated natural vegetation, and frequently rendered the land useless for any
ordinary purposes. Strip mining for bauxite also was carried on, at least in
Palau. There was in none of the islands affected by strip mining even a
thought of nature conservation.
With the expansion of agriculture, at least in Hawaii, water supply
threatened to become a problem. Consequently many of the montane forest
lands were protected as water reserves. This undoubtedly resulted in the
saving of certain forest types and many species. On Lanai an almost success
ful attempt was made to get rid of feral animals because of their effect
on the vegetative cover.
In the Mascarene Islands the abolition of slavery left the former slaves
with no means of livelihood, so previously valueless land, on steep slopes,
was occupied and erosion problems became acute. The situation on
Reunion Island has been described in detail by Gourou ( 1963).
During the period from European contact to World War II there was
little overpopulation. Diseases to which the natives had no resistance deci
mated the population. Breakdown of the cultural systems destroyed even the
will to live in some cases. In only a few places, such as the Gilbert Islands,
the Maldives and Mokil and Pingelap, did native populations continue to
increase so as to pose a problem. In certain islands, such as Pitcairn, the
Mascarenes and the Fijis, immigrant populations increased to problem
proportions.
In the 1930s and even earlier, preparations for World War II began the
most drastic degradation of island ecosystems that had been seen. Military
construction was carried out in a manner that almost suggested that the
land itself was the enemy. The Japanese were somewhat less destructive
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than the Americans. The events of the war itself wrought unheard-of
damage to a great many islands. Whole atolls were subjected to such naval
bombardment that scarcely a tree remained standing. Airfield construction
converted vast areas to expanses of concrete or compacted coral. A later
extension of this was the use of at least six coral atolls as sites for the testing
of atomic weapons, causing almost total destruction.
During the entire period of the 1930s and the first half of the 1940s
nature conservation was not even thought of in the islands. War, of course,
is the antithesis of conservation, and the military mind is not likely to think
in such terms unless forced to by public opinion and adverse publicity.
There was a certain amount of talk of conservation in US Naval Govern
ment circles immediately after the establishment of the Trust Territory of
the Pacific Islands. Until very recently, however, it was little more than
talk, even after the Territory was administered by the Interior Department,
theoretically a conservation-oriented agency. In Guam the record was
slightly better, as several small areas were set aside by the Governor as
conservation areas, and regulations against burning the hills were put on
the books, though not enforced.
Here and there in the Pacific a very few national parks, state parks
and other reserves and refuges were set aside. But at the same time ‘develop
ment’ was stepped up, tourism was promoted, forestry of a most destructive
sort was initiated and, most serious of all, the period of population decline
was ended and the population was not merely stabilised; in many islands
rapid increases occurred. This is regarded by public health authorities as a
great triumph, but as a long-term view, the failure to accompany the health
and sanitation measures with instruction in family limitation may more than
offset the beneficial results.
A few extrapolations can be made with some degree of reliability. No one,
looking at the current rapid growth of tourism and the use of island land
by the builders of hotels, highways, and golf-courses to accommodate the
tourists can seriously predict much immediate slowing down of the devotion
of scarce island real estate to general tourist purposes. About the only fall-out
of positive conservation likely to accrue from this blight may come if either
some of the promoters or some officials of island political entities are percep
tive enough to see that tourists may not come indefinitely to see something
that is merely an imitation of home. They may have the vision to preserve
a bit of the scenery and other components of the island environment, if not
from any conservation motives then to retain something of the basis of
tourist attraction to islands. Nevertheless, even if only an occasional area is
set aside as a national park, even for tourist motives, good examples of
island nature may be preserved. The national parks in Hawaii are worth
while examples.
Even more destructive and with less likelihood of being turned to con-
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servation purposes, is the craze for building retreats, summer houses, winter
houses, and retirement houses on islands. Islands seem to exert a strong
attraction and promise of escape from the mess that we have created on
continents. The result soon becomes a second mess to be escaped from by
finding an island farther away and more ‘unspoiled’. Even tiny Rose Atoll
in American Samoa recently was under threat of being leased for a wealthy
man’s retreat.
Many islands have enjoyed a degree of protection because of relative
inaccessibility—distance, difficulty of landing, or lack of water supplies. With
air transport, helicopters and solar stills this slight protection has as good as
vanished. Every island that does not enjoy either government protection or
protection by a private conservation organisation is almost certain to be
‘developed’ for tourism or private residences within the next few years.
In spite of a spectacular, if belated, awakening of public concern about
pollution, there is no evidence yet of any decrease in pollution. There is
every reason to expect that it will get much worse before there is substantial
improvement. Many islands will escape serious locally generated pollution.
Those developed as tourist resorts may do less well. Global air and sea
pollution will affect all islands as well as the rest of the world. Possibly the
Acanthaster outbreaks on the coral reefs of Guam and other islands may be
an early result of this.
There seems little likelihood that the rate of destruction of oceanic islands
for military establishments, tracking stations, and communications instal
lations will decline. Their record, to date, places these factors among the
most serious threats to islands, even the uninhabited ones.
On the positive side there are several things that merit mention. Some of
the questions that nature conservationists have been raising are beginning
to receive attention. Enough people are worried about the fate of endangered
species that legislation has been enacted that begins to go a little way toward
alleviating the plight of at least a few large or showy species. If these are to
be saved from extinction at least minimum areas of habitats must be pre
served to support them. If this is not done, consideration of saving the
species is cynical, indeed. Other, lesser species may survive on the coat tails
of the showy ones. A large proportion of endangered species are on islands
and efforts to save some of the spectacular island species may result in some
habitat preservation.
The concept of natural areas has become widely accepted. Legislation
providing for a state system of natural areas has been passed by the
Hawaiian legislature. Conceivably this trend may spread to other islands.
The CT Section of the International Biological Program has been promoting
actively the preservation of island ecosystems. This may well be successful
and at least some of the uninhabited islands may receive international
protection.
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The Man and the Biosphere program of UNESCO has for one of its
themes the study of island ecosystems. Examples must be preserved if this
is at all a serious project.
One of the most encouraging things is the spectacular overall interest in
the environment and in the study of ecology. This is still in its beginnings.
If people are sufficiently interested, or badly enough scared, drastic changes
in our attitudes, adequate to bring about action, may come about. If so, it
may extend to the preservation of some islands, or at least to some parts of
them. Of course, for such measures to remain effective, mankind will have
to solve his most pressing problem—that of over-population.
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20. Past, Present and Future Conservation
Status of Pacific Islands

H. F. I. E L L I O T T

T raditional conservation practices in the islands of the Pacific Ocean are

reputed to have existed for many hundreds of years before the advent of
European influence in the region. Thus Owen (1969) refers, in the case of
Micronesia, to the effectiveness of decrees issued by chiefs and of clan
taboos or others relating to specific islands, which imposed limits on the
taking of birds and turtles or their eggs, and of dugongs, sometimes involving
the establishment of recognised sanctuaries. In another instance, on Eniwetak
island in the Kwajalein atoll lagoon, a taboo appears to have been placed
solely on the Pisonia groves, which are an exceptionally fine sample. Evidence
of such practices, their origins and motives is difficult to substantiate. It is
open to question how far they can be attributed to any conscious under
standing of the sustained yield principle of conservation rather than to a
determination on the part of powerful individuals or groups to make sure
of a fair share—or more than fair share—of resources which with the
technical means then available were probably none too easy to harvest.
Thus of some actual instances quoted by Hijikata (1943) from Satawal
Island in the Carolines, the closing by a ‘charm’ of a ‘skipjack’ (Pomatomus
salt at or) fishing area and, possibly also, the complete ban on the exploitation
of the hawksbill turtle (Eretmochelys imbricata) appear to belong to the
second category; although the limitations on harvesting certain fruits and
fibres, and perhaps the control which is alleged to have been exercised on
the capture of green turtles (Chelonia mydas), could be justifiably said to
have had some conservation content.
Nevertheless, whatever the basis, a reasonable balance does seem to have
been generally maintained between the island peoples and the renewable
natural resources on which they depended, not only for food but also for
most other material requirements. It was not until about 300 years ago,
when the all too often deleterious European influence in the region began
to make itself felt, that pressures upon the environment began to build up,
at first slowly and sporadically, but gradually quickening to their peak of
destructiveness in World War II. The onset of the process was insidious,
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associated with such supposedly beneficial activities as the large-scale dissem
ination of the coconut palm and of domestic animals, or the too easily over
looked accidental introduction of plant and animal pests and of diseases;
but in any case people soon became so bemused by greed and the apparently
limitless supply of resources, that they ignored or failed to appreciate the
true nature of the trends. Well over half a century after the first warning
notes had been sounded and positive conservation measures taken in some
of the continental areas bordering the ocean, Skottsberg (1938) was unable
to quote any examples of legislative or other formal action to conserve the
resources of Pacific islands, except for some forest reservations in Fiji (the
earliest dating from 1914) ; some unspecified (and unenforced) control of
grass and forest fires in the Society Islands and Mangareva; closed seasons
for pearling in the Gambier archipelago (including Mangareva) and in the
Tuamotus; and the creation of the Flawaii National Park, on which he
commented that ‘in fact . . . in its present shape, [it] is more of an obstacle
to a sound preservation policy than a help, because the general public is
satisfied with the fact that there is a Park covering so and so many square
miles; what more need be done?’
A few other modest conservation initiatives in Pacific islands dating back
a little more than fifty years, could be mentioned, such as the enactment
in 1914 in the British Solomon Islands of a Wild Bird Protection Ordinance.
It is significant, however, that this legislation remained in abeyance until
1930, when it was revised and the first proclamation of a bird sanctuary
was made under its provisions. This was followed by a series of proclama
tions in 1931, 1935 and 1937, setting up further sanctuaries, giving special
protection to a long if somewhat unscientific list of bird families, and
establishing closed seasons for duck and pigeon shooting. The 1930s did in
fact witness the first real attempts to check the pace of destruction: for
example, the National Park of the Galapagos covering five of the larger
islands of the archipelago was established in 1934 by the government of
Ecuador. Asano (1938) recorded that a total ban on the capture of dugongs
had been imposed by the Japanese in the Palau islands (to the present day,
this vulnerable and seriously threatened species does not seem to enjoy
protection within the boundaries of any effectively established national
park). The establishment as a seabird breeding sanctuary of the isolated
island of Gunung Api, Maluku, in what is now Indonesia, dates from 1937;
and it was in 1935 that the Chilean Government formally declared the Juan
Fernandez Islands and Easter Island to be national parks though, according
to Harroy (1971), nothing very effective was done then or has been done
since to control cultivation, hunting and fishing, the introduction of livestock
and other practices scarcely conducive to the conservation of the two areas.
These and other initiatives of the 1930s were unfortunately brought to an
abrupt halt by the outbreak of war, during which, as previously mentioned,
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the extent of the damage done to Pacific island ecosystems probably reached
its all-time peak.
In theory, the conservation issue was revived very soon after the ending
of hostilities. Thus, in December 1945, the Commander-in-Chief, Pacific
and US Pacific Fleet, officially recognised the importance of conservation in
the newly-created Trust Territory of the Pacific Islands and, thirty months
later, two successive conferences held under the auspices of the Pacific
Science Board, in Honolulu and Washington DC, drew up some rather
comprehensive recommendations for the protection of islands or parts of
islands in the Mariana, Caroline and Marshall groups and of individual
species, mainly of birds, which were thought to be in danger of following
Rallus wakensis to extinction (Coolidge 1948). In fact, however, very few
of these recommendations were implemented, and equally few conservation
measures were even under consideration elsewhere in the region, until the
1950s; fewer still of measures actually taken made any significant contribu
tion towards the conservation of Pacific islands until about the mid-1960s.
To give a completely up-to-date and accurate picture of the position
at the start of the 1970s, is rendered difficult by the fact that it is constantly
changing and there is as yet no effective monitoring system. The draft check
list resulting from the survey of Pacific oceanic islands carried out by the
Conservation of Terrestrial Communities (CT) section of the International
Biological Program (IBP) and compiled by Nicholson and Douglas (1969),
however, provides a useful basis for an assessment of the existing conserva
tion status of these islands. No comparable review of the offshore islands
(defined as those situated on the continental shelf but out of sight of any
mainland coast) has yet been completed, but some indications of the
situation can be obtained from the United Nations List of National Parks
and Equivalent Reserves (Harroy 1971) and various other sources.
In its final form the IBP/CT check list names 958 islands, islets and atolls,
some of the last-mentioned, although treated as units, representing, of
course, very large numbers of individual islands, the size and status of which
may vary considerably. An outstanding example of this is the Marshall
group, where the thirty-three items in the list include well over 1,100 islets.
In the circumstances, the breakdown of the listed islands into those which
are permanently inhabited, those known to be uninhabited and relatively
undisturbed, and those of doubtful status (whether because they have been
subject to serious disturbance in the past or are still frequently visited or
exploited or, simply, because the present extent of human impact on them
is uncertain), must inevitably be something of an approximation. Similarly,
the assessment of the extent to which conservation measures have been
applied comes up against the difficulty that such measures are extremely
variable, ranging from regulations (which may or may not be enforced) for
the control of killing or capture of particular species to the creation of
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national parks or reserves of widely differing status. Moreover, it is by no
means always clear how far recommendations, some of long standing, may
have been carried out: for example, in the case of New Caledonia, the
check list mentions only a proposal, made some years ago, for the creation
of five reserves, but lacks information on any progress having been made
towards that objective: it has since been confirmed, however, that two of
the areas referred to have been constituted as botanical reserves by official
decree and that similar action has been taken to set up an additional
botanical reserve, two strict nature reserves and a ‘lagoon reserve’ in an
important reef area between the main island and the Ile des Pins.
Despite the uncertainties referred to, the summary of the information
gathered during the preparation of the IBP/CT check list, as set out in
Table 19, gives a rough but probably fairly reliable idea of the current
conservation situation and of the relative progress made in this respect in
the various sectors into which the oceanic islands of the Pacific were grouped
in the survey.
Table 19.

Sector
East Pacific
Polynesia
Micronesia
Melanesia
Non-tropical (N)
Non-tropical (S)
Totals

Current Status of Conserved Islands in the Pacific Region
No. of
islands
of doubtful
status

No. of
listed
islands

No. of
uninhabited
islands

60
287
161

48
18
22

341
69

89
44

104
16
12

40

958

22
243

Conservation areas:
actual

proposed

7

3

22

114

18
11
4°
18

26
40
2

30

283

32

9

4

99

126

Seventeen of the 126 conservation areas listed in Table 19 as ‘proposed’,
having been the subject of definite recommendations, involve the upgrading
of areas to which some degree of protection already applies and which are
therefore already included in the figures under the heading ‘actual’. It is
probable that a few of the balance of 109 have by now been given some
protected status: for instance, McMichael and Talbot (1969) reported that
legislation to confirm Australian sovereignty in the Coral Sea islands of
Melanesia had been recently introduced; if enacted, it is likely that the
consequential recommendation that a sample of these thirty-two islands
should be given legal protection will also have been given effect. Apart from
this possibility and that of other additions to the number of conservation
areas in Pacific oceanic islands, something like thirty to forty more could be
added if account is taken of offshore islands of small to medium size and
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some degree of isolation. Thirty-one of these have been reported by N. A.
Bogdanov (pers. comm.) as having been established in the Kuriles and on
islands off Sakhalin and in the Sea of Okhotsk: all but one of the twenty-one
in the Kuriles appear to rank as strict nature reserves, and all but three are
on uninhabited or seldom visited islands. There seem to be only a very few
reserves of comparable status in tropical offshore islands, but that on the
80 hectare volcanic islet of Gunung Api in the Banda Sea (included, some
what surprisingly and one can only suppose on grounds of special interest,
in the UN List) and the Wildlife Reserves established by New Zealand in
the Three Kings group and Mayor Island, would seem to qualify. Although
of a somewhat different status, but nevertheless akin to some of the areas
in Hawaii, Fiji or New Caledonia, the 6,000 hectare Queen Elizabeth Park
on Guadalcanal (a UN listed area) also, perhaps, deserves mention.
Altogether, therefore, the present total of conservation areas in the Pacific
may approximate to 150. The effectiveness of a good many of them, how
ever, is open to doubt—too large a proportion are only ‘partial reserves’,
where, for example, birds may be given protection but the cutting or burning
of the vegetation and other disturbance of the habitat, such as pollution of
food or water supplies, may be uncontrolled; it would probably be safer,
therefore, to estimate a total of about 120 areas the conservation status of
which is more than purely nominal.
Many of the ninety-nine ‘actual’ conservation areas included in Table 19,
regardless of their effectiveness, are multi-insular: thus the Galapagos
National Park extends to five islands, Juan Fernandez National Park to three
and, according to M. Numata (pers. comm.), the Bonin Islands reserve
covers all twenty islands of the group except for settled areas, which appear
to be largely restricted to Chichijima. In fact as will be seen in Table 20
the ninety-nine ‘conservation areas’ affect a total of 128 islands. The latter
figure would be considerably higher, but for being off-set by the islands in
which more than one reserve is situated: these are, of course, usually large
islands such as Viti Levu or New Caledonia, but even an island such as
Guam, of only 540 sq. km., accounts for seven of what, in this particular
case, are actually named ‘conservation areas’.
Some further reference should perhaps be made at this point to conserva
tion measures which do not directly involve the total or partial protection of
sites. Regulations governing the exploitation of particular species, most often
of birds but also of turtles and other marine animals, such as gastropods
and Crustacea, are now fairly widespread. Thus reviewing the marine turtle
situation, Hirth (1971) states that a two-month closed season for hunting
green turtles is enforced in the Tonga islands and may be extended, and
that similarly in Fiji, where the market in hawksbill-shell curios is booming,
stricter control of the capture of that species is envisaged. In Polynesia, no
conservation measures seem to have been applied in the French sphere of
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influence, although in the Samoan and Tokelau archipelagos, where breeding
stocks of green and hawksbill turtles have also been rapidly declining, US
authorities have prohibited access to Rose atoll and New Zealand fisheries
officials are hoping to introduce full protective legislation. As for other
Table 20. Categories of Reserves Existing on Pacific Islands at Present Set Aside
for Nature Conservation
Category

N um ber

N ational Parks, E quivalent Reserves
(U N List)
O ther N ational Parks an d Equivalent
Reserves
Strict N ature Reserves
P artial Reserves (forest, bird, etc.)
Reserves and Controlled Areas of
doubtful status
Totals

N um ber of islands involved:
Inh ab ited U ninhabited Status doubtful

7

8

i

3

16
6
49

6
3
30

8
17
14

3
4
16

21

7

2

6

99

54

42

32

species, mention may be made of the general protection given to birds, top
shells (Trochus spp.) and green turban shells, in the Anglo-French condo
minium of the New Ffebrides, and to coral and triton shells ( Charonia and
Cymatium spp.), as well as turtles, around Barrier Reef islands in Queens
land waters. Flowever, although measures of this sort, for conserving
depleted species, are often necessary and of value, there is no doubt that
the ecological basis of effective conservation calls for the emphasis to be
placed wherever possible on conservation of island ecosystems in their
entirety.
Reverting to Table 19, the figures suggest at first sight that the ratio
between the number of ‘conservation areas’ in Pacific oceanic islands and
the number of these islands, as listed in the IBP/CT survey, is reasonably
satisfactory, although varying considerably from sector to sector: 1:20 in
the east Pacific, 1:16 in Polynesia, 1:15 in Micronesia, 1:9 in Melanesia
and about 1:4 in non-tropical sectors. Unfortunately, a breakdown of the
ninety-nine conservation areas into the five categories in which they may
be classified, as shown in Table 20, makes it clear that the great majority
fall into the less strictly and effectively controlled categories. Moreover,
of the islands to which some measure of protection is given, only a third
belong to scientifically important groups of those known to be ‘uninhabited
and undisturbed’, even this proportion being inflated by the inclusion of the
seventeen islands of the Bonin archipelago which are reported to be strictly
protected.
A further noteworthy factor is the maldistribution of the ninety-nine
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conservation areas, except perhaps in the non-tropical sectors. Thus in the
east Pacific the three areas are situated in two out of nine island groups
(Galapagos two, Juan Fernandez one) ; in Polynesia the eighteen areas are
restricted to six out of eighteen island groups and two-thirds of them to
Hawaii (Easter Is. one, E. Samoa one, Canton one, Phoenix Is. two, Line Is.
one, Hawaii twelve); in Micronesia, out of ten island groups only four
participate in the eleven conservation areas (Bonins one, Marianas seven,
Carolines one, Marshalls two) ; and in Melanesia, the forty conservation
areas, which are perhaps unduly inflated by the inclusion of twenty Fijian
forest reserves (in the ‘partial reserve’ category), are found in only three
out of the fifteen island groups (Fiji twenty-four, New Caledonia ten, Coral
Sea/Great Barrier Reef six).
The inevitable conclusion to be drawn from the foregoing analysis of the
existing conservation situation in Pacific islands is that it is not yet satis
factory, at least from the point of view of the interests and needs of science.
The number of areas that can be considered as properly safeguarded is still
too small and their distribution extremely patchy, scarcely extending beyond
the localities in which the first rudimentary steps were taken towards a
conservation policy in several cases nearly forty years ago—and this despite
the upsurge of concern for environmental degradation which has marked
the last decade. Nevertheless, as shown in Table 19 there are well over 100
proposals and recommendations for upgraded or additional reserves in the
oceanic islands, notably the IUCN project, based on recommendations
formulated at the IBP/CT meeting at Koror in 1968, for an international
agreement on the reservation of islands to meet scientific needs: some
thirty-nine of these islands were proposed for consideration. This preliminary
selection does not yet give adequate coverage—there are no proposals for
French Polynesia and none at all in Micronesia—and it is to be hoped
that some of the gaps will be filled at or as a result of the 1971 conferences.1
In the meantime, such recommendations as those made by the Museum
National d’FIistoire Naturelle in Paris for the establishment of a National
Park with research facilities in the Rangiroa atoll of the Tuamotus and of
a strict biological reserve in the Clipperton atoll (one of the most scientific
ally interesting in the world by virtue of its isolated position, 1,100 kilometres
from the nearest, Mexican, coast) assume a special importance. The future
of Rangiroa could be something of a test case, since although the population
is estimated at 350, operating coconut plantations and a pearl fishery, and
there is an airstrip, the atoll comprises no less than 241 islands and islets,
some of them still forested and uncultivated. The multi-purpose potential
1 In fact at least ten additions were suggested at a symposium at Noumea held in
early August 1971, immediately before and preparatory to the Twelfth Pacific Science
Congress.

224

Nature Conservation in the Pacific

and opportunities for a first class example of skilful land use planning would,
therefore, seem to be exceptional.
For the moment, at least, there is still room for manoeuvre and no
insurmountable obstacle to agreement on the allocation, relocation or some
times elimination of the kinds of development and disturbance which have
in the past affected islands. An analysis of the disturbing factors to which
reference is made in the IBP/GT survey is of some interest in this connection.
It gives only a minimal indication of the number and distribution of these
disturbances, since, in many cases, informants may not have considered some
of them as worth mentioning and, in other cases, the information is simply
not available. Thus mentions of the recent incidence of tourist development
or of private ownership for the purposes of ‘retreat’ rather than crop
production, are very scanty. Conversely, of the various types of military
installation recorded, a fair proportion have been abandoned since World
War II, though their debris often persists and may still be an adverse factor
in the environment. The figures, which are summarised in Table 21 below,
do however probably give a fairly good idea of the relative frequency of the
various forms of disturbance. These fall roughly into four classes:
1 Activities which can and do confer benefits, but much more so if
carefully sited and properly controlled (cultivation is the obvious example,
of which coconut planting is used as an indicator in Table 21, an attempt
being made to enumerate only those instances involving deliberate introduc
tion or wholesale clearing).
2 Activities considered by those who conduct them to be more or less
unfortunately necessary, but in some cases (particularly nuclear testing) an
obvious threat to the environment.
3 Animal introductions, mainly of domestic stock, which, if they can be
effectively controlled, can be considered as beneficial, but too often result in
feral and destructive populations (the data available in the check list on
plant introductions, especially of ruderal species, are insufficient for an
assessment of their influence, which is obviously widespread).
4 Animal introductions of species generally recognised as pests or in danger
of becoming so (rats, presumably never wilfully introduced, are the notor
ious example: unfortunately, even today and presumably, again, through
gross carelessness, introductions of this pest continue, a case being quoted
by Knox (1969) from Big South Cape Island off Stewart Island, New
Zealand, resulting in ‘the virtual extermination of some rare bird species’).
With regard to the totals at the foot of Table 21, it should be pointed out
that most islands that have been affected have suffered several kinds of
disturbance (for those mentioned in the checklist, it averages out at three
or four apiece). Hence the total of 529 instances of disturbance represents
about 150 of the islands, island groups or atolls in the list.
Whether beneficial or destructive—and most are capable of becoming
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Forms and Frequency of Disturbances Recorded in the IBP/GT Survey
as Affecting Oceanic Islands in the Pacific

F o rm o f
d istu rb a n ce

A irp o rt/
airstrip
C oconut
p la n tin g
T o u r ism /
p riv a te
o w n ersh ip
F o w lin g
M in in g , sa lt,
p h o sp h a tes,
e tc.
M ilita r y /
n a v a l/a ir
bases
N u c le a r /
w eap on
testin g
P e n a l/le p e r /
q u a ra n tin e
stations
C a ttle an d
sh ee p
H o rses an d
d o n k ey s
P igs
C a ts, d o g s,
foxes
P o u ltry
G o a ts
R a b b its
M ic e
R a ts
T o ta ls

E.
P a c ific

P o ly 
n e sia

N u m b e r o f isla n d s a ffec ted i n :
M ic r o - M e la n N onN onn e sia
e sia
T r o p ic a l
T r o p ic a l
(N )
(S )

8

7

4

i

88

68

40

—

12
i

3

13
i

2

21

7

5

3

12

12

i

4

2

—

2

2

4

11

i

5

5
11

i
i

7

3
6

4
4
9
6
—
10

49

208

5
—
II
—

i

20

—

197

—

i
—

26

4

39

35

i

7

7

3

9

32
13
26

_

i

i

i

2

4
8
—
11

—
—

3
—
—

12
i
—
i
i

I

I

9

4
3
8

104

76

39

53

_

_

—

—

I

5

7

3
4

T o ta l

29

5
35
11
7
35
529

either, according to the degree of skill or, often, simple common sense used
in planning, siting or control-—the various kinds of impact on islands,
including of course many which are not tabulated above, are susceptible of
some degree of modification (where they are already in existence) or, where
still at the proposal stage, of being directed in a way best calculated to serve
man’s interests. This even applies to such activities as stripmining, as
Nicholson (1969) has pointed out, or to cases, such as many of those
concerned with air and water pollution, where the appropriate remedial
action may have to be taken at a considerable distance from the islands
affected. In general, therefore, the door is still open to the exercise of choice.

226

Nature Conservation in the Pacific

For instance, a choice can be and has to be made whether the 11.4 sq. km.
uninhabited island of Genovesa in the Galapagos should be used to pasture
goats, which as recently as August 1970 were found to have been surrepti
tiously introduced. There is all too little reason for believing that goats would
be properly managed or serve any useful economic purpose; whereas the
island might well be set aside as a reserve, as recommended by the IBP/
IUGN ‘Islands for Science’ project, on the grounds that it constitutes the
most important seabird breeding station in the entire archipelago, as well as
having several other valuable biological features. Certainly, if the latter
alternative is accepted—and in this case there is every reason for thinking
it is the preferable one—there should be no technical difficulty in eliminating
the goats (drawing, if necessary, on the experience of several successful
operations of this sort, such as those carried out on the Three Kings group
and the Kermadec island of Macauley in New Zealand waters).
The techniques now available (even though for some purposes, such as
the control of rats, considerably more research is needed), combined with
the build up of detailed information through such initiatives as the IBP/CT
survey, mean that there should be few serious difficulties in implementing
recommendations for as satisfactory a conservation program in Pacific
islands as present circumstances permit. Most of the difficulties in fact
revolve round the provision of staff and funds, or in other words the further
development of an active governmental interest in the problem and proper
appreciation of the economic and other issues involved. The return, in terms
of scientific understanding and therefore of environmental welfare, to be
obtained from safeguarding, with international backing, at least the majority
of the very modest number of islands recommended for consideration as
‘Islands for Science’, would seem, in particular, to justify the expenditure
of some effort and funds. The successful solution of any difficulties in
implementing this recommendation should greatly facilitate the desirable
addition of an equally careful selection of a small but adequate sample of
islands in sectors of the Pacific not yet covered by the project. It should
also encourage favourable consideration for the creation of a network of
national parks and reserves, mainly in larger and inhabited islands, in
keeping with the beauty and interest of the region as a whole and the
recreational and educational needs of its peoples. Recommendations concern
ing some fifty-nine sites were made during the IBP/CT survey and a further
sixty-seven have received some support in the reports of this and other
investigations. Finally, and by no means least important, the precedent set
in the Pacific can and should be extended to other areas of the world,
in many parts of which the need for adequate conservation measures is no
less urgent. A first draft check list and brief description of 634 oceanic and
offshore islands of the Indian Ocean has been completed (Elliott 1972) and
the next step will be the identification and selection, from a total of about
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fifty to sixty possible candidates, of those islands which can be suitably
recommended for reservation in the interests of science.
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2i. Conservation and Research on the
Offshore Islands of New Zealand

G. A. K N O X

I h a v e already presented a general review of the New Zealand offshore
islands (Knox 1971), which covers their conservation status, scientific
importance, modification by introduced mammals, research carried out up
to 1968 and the future requirements for conservation management. This
paper reviews progress since then, outlines current research programs,
discusses the problems involved in the control of introduced mammals and
the regeneration of vegetation after their removal and outlines future needs
and research requirements for conservation management.
The New Zealand offshore islands (Figure 27) include the majority of
the southern temperate islands as yet relatively unmodified and represent a
unique biological resource which New Zealand holds in trust for the world.
Research activities on the New Zealand offshore islands have been con
siderable since 1968. Twelve expeditions have added to our knowledge of
some of these islands (e.g. Fineran 1969; Flint and Fineran 1969; Sykes
1969; Warham and Keeley 1969; Ritchie 1970; Taylor et al. 1970; Crawley
1971), and research is continuing. Surveys, production studies and recording
changes in vegetation and soil following removal of grazing animals are the
main activities and are located on a number of the offshore islands, especi
ally the Snares Islands and the Antipodes Islands.
RECOVERY OF SEAL STOCKS ON TH E SUB-ANTARCTIC ISLANDS

During the early nineteenth century sealers largely destroyed the once
immense stocks of the southern fur seal (Arctocephalus forsteri), greatly
reduced the number of elephant seals (Mirounga leonina) and also reduced
penguin numbers. Information from sealers’ skin returns shows that there
were vast herds of fur seals on the Antipodes and Auckland Islands (Turbott
1952). On Macquarie Island, more than 180,000 skins were taken between
1810 and 1813 and by 1820 the seals had been exterminated (Debenham
1945). The other islands also yielded vast numbers of skins, especially the
Antipodes, the Bounties and the Snares (Falla 1948). Elsewhere the numbers
of fur seals were drastically reduced. Their scarcity is illustrated by Simpson
229

Nature Conservation in the Pacific

230

(1952) who records that by 1810 there was scarcely a skin to be had on
the Snares Islands.
180
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Figure 27.

New Zealand Offshore Islands.

In 1875 the New Zealand Government prohibited the taking of the New
Zealand fur seal during October-May and in 1894 imposed a total ban
which has remained in force since that date, apart from a brief season in
1948. Recent publications by Csordas and Ingham (1965), Falla (1965),

Offshore Islands of New Zealand

231

Stonehouse (1965), and Stirling (1968) have suggested that fur seal numbers
are increasing.
Csordas and Ingham record that between 1919 and 1948 fur seals began
to visit Macquarie Island in summer, and that the maximum number in the
original area colonised increased from 174 in 1950 to 474 in 1963. Several
localities now have summer populations with a few over-wintering. Only a
few pups have been seen and their fate is unknown. Falla (1965) reported
that the fur seal had increased its range and probably total numbers over
the past twenty years, especially along the coasts of the South Island, but
states: ‘There is no evidence that numbers have increased substantially in
the central subantarctic zone . . . and many of the traditional rookeries are
still vacant.’ He further reported that the greatest density is at Bounty
Island, with several hundred at Campbell Island and a lesser number along
the south and west coast of the Auckland Islands. Crawley (in press) in
November and December 1970 recorded 1,072 adult seals and 234 pups on
the main Snares Island, while in February 1969 there were about 1,100 fur
seals on the Antipodes Islands, but there was no evidence of breeding (R.
FI. Taylor, pers. comm.). Accurate counts are not yet available for the
other islands.
On the Open Bay Islands, 25 hectares in area, which lie offshore from
the mouth of the Okuru River near Haast on the west coast of the South
Island, Crawley and Brown (in press) have estimated a total population of
2,100 adults and 650 pups. Seal numbers on the Kaikoura Peninsula, east
coast, South Island, increased from forty-six in 1956 to 427 in May 1964
(Stonehouse 1965). There is thus general evidence of an increase in numbers
throughout the former range of the New Zealand fur seal. The work carried
out by the Zoology Department, University of Canterbury, on Open Bay
Islands, Antipodes Islands and the Snares Islands is being extended to other
sub-antarctic islands and other parts of the New Zealand coast. A research
program has been started to collect data on the breeding, survival and
movements of fur seals, and this knowledge will eventually allow an assess
ment of the breeding potential and rates of increase of the population to be
made.
INTRODUCED MAMMALS: PRIORITIES FOR CONSERVATION AND RESEARCH

Island floras and faunas are especially vulnerable to the effects of man and
the invading species of plants and animals he has introduced both accident
ally and deliberately (Elton 1958; Costin and Moore i960; Holdgate and
Wace 1961; Turbott 1963; Knox 1965; Holdgate 1968; Soper 1968; Sykes
1969). This vulnerability ‘to a large extent reflects their isolation and
consequent species poverty; their simple ecosystems are far less well “buf
fered” against change’ (Holdgate and Wace 1961).
Along with the majority of the southern temperate islands the New
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Zealand offshore islands have suffered from the impact of numerous mam
malian introductions, including cattle, sheep, goats, pigs, cats, rats and mice.
Fortunately a number of the smaller islands have escaped the detrimental
effects of continued human occupation and mammalian herbivores and
predators. These are: the Herald Islands (six small islets) ; Hazard Island,
Curtis and Cheeseman in the Kermadec Group; the Antipodes Islands;
the Bounty Islands; Adams Island and Disappointment Island in the Auck
land Group; and the Snares Islands. These few remaining undisturbed
oceanic islands are of immense scientific value, being representative of
ecosystems not found elsewhere and containing endemic species of plants and
animals of considerable scientific importance.
Because of the disruption caused to island ecosystems by introduced
mammals, especially herbivores, their elimination, wherever possible, even if
they have induced considerable change (Holdgate 1968), has been advo
cated. The New Zealand offshore islands provide excellent case histories
both of the effects of different species of herbivores, singly or in combination,
and of the vegetational changes that occur after their removal. New
Zealand scientists have accumulated considerable experience in the problems
involved in the extermination of introduced mammals from islands. The
techniques used and the problems involved may be illustrated by reference
to goats on Macauley Island in the Kermadec Group (Sykes 1969; Williams
and Rudge 1969) and feral sheep on Campbell Island (Wilson and Orwin
1964; Bell and Taylor 1970; Taylor et al. 1970). I shall confine my com
ments to the latter.
Campbell Island (52°S, i 69°E), lying 605 kilometres south-east of
Stewart Island, is an eroded volcanic cone, 14 kilometres long and 14
kilometres wide, with an area of some 11,000 hectares. The island is
mountainous with four peaks reaching over 490 metres and is indented by
four harbours, of which Perseverance Harbour on the east coast is more
than 8 kilometres long and almost bisects the island (Figure 28).
The flora and the effect of sheep on the vegetation have been described
by Cockayne (1903), Laing (1909), Oliver and Sorenson (1951), Sorenson
(1951, 1955), and Wilson and Orwin (1964). Cockayne (1903), describing
the vegetation after seven years of sheep farming, reported the extensive use
of burning and considered that fire was a far more destructive and nonselective destroyer of vegetation than sheep. Cockayne recorded that
Chrysobactron rossii was not grazed by the sheep and Laing (1909) recorded
the spread of this species. Oliver and Sorenson (1951) and Sorenson (1951,
1955) considered that sheep were responsible for the disappearance of the
tussock grasses Danthonia flavescens ( Chionochloa antarctica), Poa foliosa
and P. littorosa in some areas and indirectly for the increase in Chrysobactron
rossii and the formation of bare peat patches. Cockayne and Oliver and
Sorenson observed that in addition to the tussocks and introduced grasses,
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the sheep ate a wide range of herbaceous species, many of which, such as
Pleurophyllum speciosum, P. criniferum, P. hookeri, Stilbocarpa polaris,
Ranunculus spp., Anisotome latifolia, Cotula plumosa and C. australis, are
endemic to the New Zealand sub-antarctic islands. As a result many of these
species have decreased considerably in abundance and are now found only
in inaccessible places. In addition many exotic species of grasses and herbs
were introduced. The majority of these are still confined to coastal areas
at the head of Perseverance Harbour (Wilson and Orwin 1964), but some,
such as Poa annua, Stellaria media, Cerastium vulgatum and Sagina procumbens, have become widespread (Oliver and Sorenson 1951).

Mt Azimuth
A M t Fizeau

Dent Island

C A MP B E L L
Yvon Villarceau
v
Peak

NORTH
WEST
BAY / Tuckers
Cove J

A Mt Paris

IS LAN D
A Mt Dumas

A Mt Honey

kilometres (approx.)

Figure 28.

Campbell Island, New Zealand.

Figure 29 shows the trends in sheep numbers on Campbell Island since
their introduction in 1895. A few sheep were liberated between 1865 and
1895 but these soon died out (Cockayne 1903, Thompson 1921). Sheep
farming began in 1895 when small flocks were established but the major
importations of sheep were not made until 1901. The population reached a
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peak at about 8,000 between 1906 and 1916 and then declined to under
4,000 when the run was abandoned in 1931 and the sheep were left to run
wild. They further declined to 907 in 1964 when Wilson and Orwin made
their counts. In 1969 while the Antipodes Islands expedition was on the
island the sheep were recounted by B. D. Bell and R. H. Taylor, when a
total of 2,983 (2,358 adults and 625 lambs) were recorded with an average
density of one to 3.6 hectares. Wilson and Orwin in 1964 had concluded
that the sheep population was declining at a rate that would reduce numbers
to about 580 in 1970, whereas the 1969 census showed more than a threefold
increase over the period 1964-9.
•
+
©

1895

1905

1925

Counts
Estimates
Estimate from counts of 986 sheep

1935

1945

1955

1965 1969

Time

Figure 29. Population Trends in Sheep on Campbell Island, New Zealand.
Cattle were also introduced early and when the run was abandoned they
numbered about thirty (Bell and Taylor 1970). Since that time the herd
has been relatively static and twenty-two beasts, comprising five mature
bulls, ten cows, six young and a calf, were recorded in 1969 (Taylor et al.
1970). At present they are confined to one area, below 200 metres altitude,
between North West Bay, Yvon Villarceau Peak and Mt Paris, the only
area on the island where limestone rocks occur (Figure 28).
The effect of the sheep and cattle and the vegetation changes that they
have induced on the welfare of nesting seabirds, especially the southern
royal albatross (Diomedea epomophora epomophora), whose only major
breeding area is Campbell Island, has been of concern. From 1810-30 all
accessible large albatrosses were hunted, almost to extinction, on every
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southern island, including Campbell Island. In later years, hundreds of
eggs were taken annually, a practice which continued during the sheep
farming period on Campbell Island (R. A. Falla, pers. comm., Wilson and
Orwin 1964). Westerskov (1959, i960, 1963) counted and mapped the
albatross nests in January and February 1958 and from his total of 2,278
he estimated that about 2,300 pairs nested in that season. This was the first
accurate count made of nesting royal albatrosses although an earlier
estimate of at least 5,000 pairs had been made in 1942. Taylor and Bell
(Taylor et al. 1970) counted a total of 4,344 occupied nests in 1969 and
estimated an overall nesting population of about 4,400 pairs. The breeding
population had thus almost doubled over eleven years. They concluded
that this could be due to a continuing recovery (since 1931) of a population
drastically reduced by over a century of exploitation and disturbance.
To ascertain the effects sheep may have on albatross numbers, a dividing
fence was erected across the island in 1970 and sheep eliminated from one
half. Permanent photo-points and vegetation quadrats were established on
both sides of the new fence to compare long-term changes in the vegetation
with and without sheep. The sites of a number of historic photographs,
some as early as 1907, were relocated and permanently marked. Botanical
work included sampling the age distribution of Dracophyllum stands and
the setting up of a number of paired quadrats in comparable plant com
munities on both sides of the fence. The results of this continuing experiment
will be watched with interest and, apart from providing much-needed basic
information on animal/vegetation interrelationships, will provide a sound
basis for future management policies.
REGENERATION OF VEGETATION FOLLOWING TH E REMOVAL OF
GRAZING HERBIVORES

To what extent are changes on oceanic islands brought about by man and
domestic stock reversible (cf. Fosberg 1963) ? A series of examples from New
Zealand can provide some of the answers to this question. For example, on
Great Island in the Three Kings group, goats, which had been on the
island since 1889 or earlier, were eradicated by hunters from the Wildlife
Branch (now Wildlife Service) of the Department of Internal Affairs in
1946, a total of 393 being killed. The goats, plus earlier Maori occupation
and agriculture, had produced a change from a species-rich scrub forest
to a monospecific scrub or forest of the unpalatable manuka, Leptospermum
ericoides (Turbott 1948, 1963). A high proportion (78 per cent) of the plant
species had been greatly reduced, nineteen species being down to the last
few individuals; these included six species of trees or shrubs. These latter
nineteen species had survived in a few inaccessible places, such as cliff
faces. Since the removal of the goats, the process of recovery has been
dramatic (Baylis 1951, 1958, Floldsworth 1951, Turbott 1963), with vigorous
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regeneration including one tree which must have come from one of the
smaller islands. According to Turbott the original cover of the islands was
likely to have been a mixed coastal forest, and Great Island may ultimately
return to a similar state. Bird populations were counted in 1948 and have
been followed since that date (Turbott and Bull 1954). Parallel studies are
proceeding on the land molluscs, insects and other invertebrates. From this
and other examples, it can be concluded that the changes induced by man
may be reversible in cases where refuges remain for species which can re
colonise areas of induced vegetation and where the process of degradation
has not resulted in extensive erosion.
The changes induced by grazing mammals, such as cattle, goats, sheep
and rabbits, depend to a large extent on both the presence in the plant
community of unpalatable species and the introduction of alien species which
are able to colonise denuded areas and thus prevent erosion from occurring.
On Macquarie Island, rabbits rapidly grazed out the dominant tussock
grass, Poa foliosa, on coastal slopes and the limited native flora of some
thirty-five species contained no unpalatable plant with comparable soil
binding properties. Erosion has been widespread, stripping the peaty
covering of the slopes down to bedrock, and gullying is extending back into
the hinterland above (Taylor 1955, Costin and Moore i960). The latter
consider that all the interesting grassland is doomed to disappear and that
further landslips will strip the soil from the slopes, while increased run-off
from the more level areas will continue to wash away soil from the plateau.
Warham (1967) points out that the removal of the vegetation and the
erosion is destroying the nesting sites of prions and other burrowing petrels.
In some areas, rabbit grazing has resulted in a new plant association
dominated by Acaena adscendens Taylor (1955). Warham (1967) notes
that this species, while it helps to hold the soil by forming dense roots, also
inhibits burrowing by petrels which are absent from such areas.
On Enderby Island in the Auckland Group, on the other hand, the
combined effects of burning, rabbits and cattle have induced considerable
vegetation changes but have not led to the denudation of vegetation cover
and erosion (Taylor 1968, Knox 1971). Figure 30 (based on Godley 1965,
Figure 3, p. 60) shows the present general disposition of the vegetation.
Large areas which were formerly covered with tall Poa littorosa tussock
grassland (Cockayne 1903, Godley 1965) are now dominated either by
almost pure stands of the conspicuous yellow-flowered Bulbinella rossii and
Gentiana antarctica, or a close-cropped sward in which Poa breviglumis and
Agrostis magellanica are prominent. The greater part of the island is covered
with rata (Metrosideros umbellata) forest or low scrub dominated by Cassinia vanvilliensii. The rata forest is actively regenerating and it appears
that the introduced mammals and the vegetation have achieved a state of
balance forming a modified ecosystem of great interest. The changes have
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benefited a number of species such as the southern skua ( Catharactaskua
lonnbergi) and the red-crowned parakeet (Cyanoramphus novaezealandiae) ,
the latter species feeding in large numbers on the sward mentioned.
Proposals have been made to exterminate the introduced mammals on
Enderby, but the island may best be regarded as an isolated natural laborat
ory where the interactions between mammals and the environment can be
studied to advance our knowledge of ecosystem dynamics (Knox 1965,
Taylor 1968).
In spite of somewhat limited resources, New Zealand scientists have
achieved a great deal in advancing not only our basic knowledge of the

Cassinia

metres (approx.)

Figure 30.

Disposition of Vegetation on Enderby Island, New Zealand.

unique flora and fauna of the offshore islands, but our understanding of
the requirements of conservation management. A feature of this continuing
work, as outlined previously, is the co-operation between scientists in
University Departments and Museums with their colleagues in a wide range
of Government Departments, in particular the Lands and Survey Depart
ment (the controlling authority), the Wildlife Service, Department of
Internal Affairs and the Divisions of Botany, Ecology and Entomology of
the Department of Scientific and Industrial Research.
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22. Inter-relationships Between Marine and
Terrestrial Ecosystems in Polynesia 1

M. S. D O T Y

I s l a n d lands are related to the sea in many physical and biological ways.
Knowledge of these relationships is essential to obtaining maximal benefits
from them. The physical knowledge has never been so organised as to
reveal its biological implications and never so as to reveal more than
subjectively its cause and effect relationships. Thus, little advance has been
made beyond the subjective observations and the conclusions of the marine
biologists of the time of J. F. V. Lamouroux and d’Orbigny at the beginning
of the last century.
This chapter describes the nature of the marine algae and their tropical en
vironment, the term ‘nature’ being restricted to those features and phenomena
thought to have especially important ecological significance. The aspects
of the environment likewise have been selected. They are those which
seem of most importance ecologically. With the development of our ability
to measure these desiderata, the subjectively developed hypotheses can be
tested by experimental methods and the inter-relationships between marine
and terrestrial ecosystems can be advanced scientifically.
The marine algae provide the pathway from the inorganic to the organic
world. That is, they are the producers of the food for marine organisms.
They act to build shores and protect them from erosion. In the atoll world
they also produce both most of the fixed nitrogen and the land itself. These
biological functions are ultimately controlled largely by the physical elements
in the environment and the algal genetic systems.
Basically islands involve bottom or inorganic materials protruding through
the sea’s surface. In doing so, historically a physical discontinuity was
produced where the sea and air were homogeneous before. In the Hawaiian
Archipelago (Figure 31) the basic events in this process are displayed from
time to time on a small scale, e.g., on the Island of Hawaii (Figure 32)
when the island-building lava flows pour into the sea.
1 Financial support from the US Atomic Energy Commission and the International
Biological Program assisted by the National Science Foundation Sea Grant Program
is gratefully acknowledged.
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The story of volcanic island origins and their demise, largely through the
action of wind and water, is well known. While successive lava flows build
low-domed islands, water reduces them at the shore through wave action
and, inland, through solution and the erosional cutting of deep canyons to
(Figure 33) eroded relics such as dominate the landscape of Tahiti and
Mauritius. The material reduced goes into the sea as sediments that settle
out or dissolve providing variations in concentration in the sea water near
the island.

1926 1740 1955
.PREHISTORIC

Figure 32. Schematic View of the Island of Hawaii. This most recent island of
the Hawaiian Archipelago has many historic lava flows. The dates some entered
the sea are shown.
Only very few empirically determined relationships between the physical
shore-related processes in the adjacent sea have been developed thus far.
The present contribution is designed to review some of these insofar as
these primary producers in the sea, the algae, are concerned. In doing this

Figure 33. A Moderately Old Island Deeply Incised by Water Action (e.g. Kauai
in the Hawaiian Archipelago). Radially separated and hanging valleys form semiisolated habitats on the older islands.
it is hoped the nature of the phenomena is set forth in such a way that
possible cause and effect relationships will be clear and, thus, experimental
studies will be encouraged.
The algae have at least three major forms in relationship to their
environment. These forms may be termed macrophytic, microphytic and
planktonic. Planktonic forms are adapted to the very low concentrations of
essential salts in the sea by the device of having by far the highest surface
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volume ratios relative to the other two. The microphytes are benthic and
tend to grow rapidly in length in comparison to diameter. In comparison to
planktonic forms they have much smaller surface volume ratios. Character
istically they live in close association with the sub-stratum or high fertiliser
concentrations; and when prostrate, new growth predominantly penetrates
new surroundings. Thus, steep diffusion gradients surround them. Macro
phytes grow significantly in diameter in respect to their length. Having by
far the lowest surface volume ratios, it is perhaps not surprising to find
they thrive only where diffusion gradients are steepened by significant water
motion.
Only very small planktonic algae are to be expected in the ocean far
from igneous continental or island land. There the environment is relatively
low in fertiliser salts and there is no solid sub-stratum. Thus, their high
surface to volume ratios permit their existence where others could not.
The pioneer algae on the cooled lava of a new volcanic island are micro
phytes. While it is as yet hypothetical, it is presumed their faster growth
and materials leaching from the new lava are the cause of microphytes
being successful as the pioneers. A regular succession takes place on the
shores of a new island. As serai progression goes on, macrophytes appear.
They grow more slowly than the microphytes, assume a wider variety of
forms, live longer and come to occupy narrower ecological niches.
The shift from pioneer to secondary algal forms at least goes hand in
hand with the changes in the land. Reciprocally, to a certain extent, the
physical changes in the land or algal sub-stratum are causes of the changes
seen in the algal populations. Lava pouring into the sea is an almost
explosive event producing masses of steam, sand and blocks of lava. The
flow at its terminal edge (lower profile of Figure 34), if intertidal, is at
once or soon a cliff a few metres high with vertical ends. Within two weeks
the seaward parts become covered with pioneer algae. The next few years
will see much of the sea-facing edge eroded away. As this disclimatic
phenomenon goes on, pioneer forms reappear. However, the surfaces
become more smooth and stable in time (upper profile of Figure 34). The
angular boulders and sharp edges disappear and are replaced by rounded
boulders, the black sand disappears, and the near-shore surfaces become
covered with algae.
For the algae this means that the new interface is an opportunity soon
exploited. The first benthic algae, pioneer or secondary, are dominated by
Figure 34. Profiles Through Shores on the Island of Hawaii from the levels that
are definitely terrestrial to those that are about 6 metres below low tide line. The
vertical distributional features of the populations are drawn to scale but not the
horizontal and geological details. The upper profile represents a mature shore near
Hilo with insets to show in greater detail the distributions of various inter-tidal and
near-shore populations. The lower profile represents an idealised section through a
shore formed by the erosion of a lava flow perhaps one year old.
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short-lived species usually of linear frondose or of microphytic form. As time
goes on perennials such as the macrophytes Sargassum and Ahnfeltia appear.
Crustose forms such as Ralfsia begin to spread, and among them the cal
careous melobesioids soon become dominant below the mid-tide level and
may cover everything down to at least 20 metres.
The algae, as time goes on, develop populations in equilibrium with the
environment, i.e., climax populations appear. This takes at least five to ten.
years, but still there are further changes as the intertidal and immediately
sub-tidal surfaces of the oldest Hawaiian historic lava flows are differently
populated, at least in degree from the adjacent prehistoric, but otherwise
similar, rocks. In Hawaii this takes place (Doty 1967) within the first five
to ten years on a new shore. In thirty years near low tide line a bulge on
vertical igneous surfaces a very few centimetres thick may form. This is of
Porolithon onkodes, the principal reef-building organism in the Central
Pacific. Coelenterate corals are rare near the intertidal region on open coasts.
The climax algal populations appear to have one biological and three
physical major effects. First, they provide the food for herbivores as well as
the detritus feeders. Physically they accumulate a standing crop of biologi
cally essential materials from the passing oceanic water and also from the
percolation and run-off water reaching the sea from the land. They protect
the shores from the erosion associated with waves and sediment. This may
lead to wave-cut benches, the level of which is higher where the constant
wetting and, thus, algal cover is higher. In turn this may even lead to raised
ramparts being left at the seaward edges of the wave-cut benches. Sediments
change with time from the sharp cutting sand derived from the virgin lava
to terrigenous sediments from the high island and to calcareous sediments
derived from the sea.
After many centuries the deeply incised islands (Figure 33) have contri
buted much of their bulk to the sea. A great deal of this material is deposited
as a layer of sediment over the sea’s floor near the islands, e.g., as deltas.
Where very large amounts of fresh water or terrigenous materials are
deposited in the sea, deltas may be very large, e.g. 650,000 hectares at the
mouth of the Irrawaddy River. In great amounts further offshore its mass
may contribute to isostatic events. Biologically it changes the nature of the
sea floor from consolidated igneous to non-consolidated sediment. While not
yet fully appraised it is certain that this is a change of major biological
significance. It favors detrital feeders such as the worms and shrimp which
live in sediment and which have higher biological productivity.
The final physical event (the third, resulting from algal activity) is the
appearance of coral reefs. One can envisage them as the outward extensions
of the Porolithon bulge described above. Alternately the algae can be
envisaged as the food-making organisms in the coelenterate corals of reefs.
These reef materials are something of a cap over detrital materials accumu-
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lating near shore at first. Passageways through the marine growths may be
maintained by run-off water from the land as, for example, on Oahu in the
Hawaiian Archipelago where the original entrances to Pearl, Plonolulu
and the Yacht Harbors were probably just this.
The waters of delta and estuarine areas are among the most productive
parts of the world. There is (UNESCO 1966) a fascinating series of physical
phenomena resulting in the elevation of their fertility. Their reclamation as
protein-producing aquaculture facilities should receive attention.
Water coming into the sea in respect to its inorganic salt content is
another class of land-sea relationship. The ‘zone of death’ (Caspers 1966)
related to salinity change is a major phenomenon. Less well known is the
salting-out phenomenon (Doty and Newhouse 1954) whereby organic
materials are precipitated in the mouths of rivers. This would seem to have
value as food for such detritus and plankton feeders as mussels and oysters.
Rivers with a long history of exposure of their water to the light can be
expected to be low in fertiliser content. On the other hand the water
leaching from the Ghybent-Herzberg lens in an island or appearing as a
spring from subterranean aquifers is fertiliser rich because it has accumulated
fertiliser in the dark from the overlying land mass. Thus, there is an explan
ation for the differences in productivity found off rivers, on fringing reefs,
in lagoons and on their barrier reefs related to these phenomena. Man’s
unnatural activities engendering pollution upset these natural relationships.
Returning to the reefs formed on the shores of high islands, the first are
possibly not always fringing reefs. Barrier reefs can possibly appear de novo.
On the island of Oahu in Hawaii it appears (Stearns 1946) that Kaneohe
Bay is half of a caldera, the seaward half of which subsided. The seaward
edge of the remaining half bears a reef that is separated from shore by deep
channels. Possibly this barrier reef arose in situ on the shallow lip of the
volcanic caldera floor remaining after the subsidence.
Both fringing and barrier reefs have (Figure 31) higher and lower
sections to their seaward margins. Respectively these are referred to here as
incurrent and excurrent areas. Water moves almost only inward onto the
reef over incurrent areas, except for wave backwash at the highest tides.
It moves laterally along the reef if an island diverts its path. It then moves
back into the sea over excurrent areas. At higher tides water moves both
in and out over excurrent areas, but at low tide during calm seas almost
exclusively out.
Lateral movement of water on a reef can be for a few kilometres and
lead to the formation of such channels as separate islands from the reef.
That is, the fringing reefs become barrier reefs, such as are found in Fiji or
near Noumea, New Caledonia.
Excurrent and incurrent areas on atoll reefs are populated quite differ
ently. The perennial populations are predominantly calcareous melobesioid
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red algae or fucoid brown algae. The same is true for the cover on reefs in
Hawaii but the coralline coverage of about 50 per cent is overshadowed by
a taller stratum of frondose algae except at the reef margin. Here there is
little more than the crustose melobesioid cover of the sun-tolerant Porolithon.
However, the species of melobesioids change as one moves inshore and
shading increases. For example, Sporolithon erythraeum becomes (Littler
1971) the dominant crustose melobesioid. The frondose algae are distributed
(Figure 35) in different patterns. Among them it is interesting to note the
fastest growing (measured productivity) are those near shore. These same
algae are usually not found on the seaward edges of reefs.
Speciation of marine organisms would seem to be encouraged or driven
by the influences of the land. The apparent role of ‘kipukas’ in the evolution
of species is well known. They are essentially islands of soil of age different
from the surrounding soil. They may arise by lava flowing around and
surrounding an area that may have a mature soil on it, may be a cinder
pile or may be a depression in a flow that later accumulates ash. The semi
isolation of such areas would seem to be ideal for speciation and, indeed,
there are microspecies restricted to them.
On a relatively old island such as Hawaii, which is still producing lava
flows that go into the sea, the seaward ends of these flows are separated by
stretches of prehistoric shore bearing climax vegetation. Thus, the newly
arrived lava flows are semi-isolated different environments like the kipukas
in this respect. However, they are younger surfaces like the lava flows
surrounding most kipukas. Neither of these younger-type surfaces has much
more on it than the pioneer vegetation which is ubiquitous. However, these
lavas of different ages do provide the possibility or opportunity for survival
of variants in being semi-isolated. New islands, such as Surtsey (near
Iceland), also provide uninhabited and semi-isolated bottoms near the
surface. Such semi-isolation seems to have had its effect here in the sea as
it has had on land. An example is offered in Sargassum which in the
Central Pacific seems to have perhaps as few as three common widespread
basic species which appear as microspecies on the different high islands.
Tidal influence may be (Bolin 1952) a greater force for speciation on
island shores than the laterally semi-isolated lava flows. In such genera as
Porphyra and Gigartina, often the many species are separated into horizon
tally extensive, vertically narrow zones in correlation with the discontinuities
in gradient exposure related to tidal elevation. These discontinuities or tide
factors provide each vertically distinct zone with a distinct character in
respect to exposure to, e.g., air and water. The provision of such nearby
Figure 35. Distribution of the Fleshy Algae from the Shore to Just Beyond the
Algal Ridge at Waikiki, Oahu, Hawaii. Each curve shows the distribution, as per
cent, of the average standing crop of that particular species.
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and very distinct habitats is the essence of the kipuka effect so widely taken
as an aid to speciation on land.
Man has his influences. In historic time the reef populations have changed
in Hawaii. The water has become less clear. The coral gardens formerly
reported are gone. The algal population has changed. However, there is
little quantitative record of this. Phosphate has increased tenfold in Kaneohe
Bay and has apparently increased at Waikiki. Goelenterate corals do not
tolerate (Yamazoto & Townsley, in press) water with high levels of
phosphate, and this is possibly the cause of the demise of the coelenterate
corals along the Honolulu waterfront.
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The frondose algal populations (Figure 36) may be decreasing. At the
same time there appears to be an increase in the standing crop of coralline
algae. This phenomenon could be the same response of algal crops observed
elsewhere (e.g., Dawson 1958, 1959, 1965) as pollution increases. Concurrent
with this crop reduction there has been a decrease (Figure 37) not only in
the standing crops of Sargassum, the dominant frondose algal element, but
in its measured rates of production.
It seems clear that several cause and effect relationships exist between
land and sea. Yet there are few primary sources of empirical measurements
of the phenomena involved. Many people can remember that the marine
population used to be different. Yet there are no measurements or so few
that one cannot be sure what the changes have been. It is not just that no
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one has made measurements, the methods for making meaningful measure
ments often just do not exist.
Two sorts of measurement are needed in marine communities. Both must
be quantitative and empirical. They are, first, measurements that will provide
a reliable baseline description of all elements in the environment and,
secondly, measurements of biological phenomena in correlation with the
physical. The development of baseline measurements is a must in order that
governmental planning and regulatory agencies can function on an
objective basis.
When the correctable biological and physical measurements are obtain-
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Figure 37. Changes in Measured Production of Sargassum at Waikiki, Oahu,
Hawaii. Measurement values are the running means of threes.
able, their use will permit experimentation. Through experimentation
reliable understandings of each phenomenon and the results of the variation
in each causal factor can become known and used in conservation, i.e.,
rational use of our marine resources.
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Part Five
Problems of Nature Conservation
Arising from Mining, Engineering and
Land-Development Projects

23. Conservation Problems in
South-east Asia

L. M. T A L B O T

E a c h region of the world has its own ecological and, to some degree,
cultural setting, and there has been an increasing recognition that solutions
to each region’s conservation problems must be sought within that region’s
particular setting. With this principle in view, the International Union for
Conservation of Nature and Natural Resources (IUCN) initiated the South
East Asia Project in 1964. Stage II of the project was the Conference on
Conservation of Nature and Natural Resources in Tropical South East Asia,
held in Bangkok, Thailand, in November and December 1965. The results
of this conference (Talbot and Talbot 1968) showed that although each
country has its own set of conditions and problems, ecological and cultural
conditions throughout the region are sufficiently similar that most conserva
tion problems can be considered and approached usefully on a regional basis.
The purpose of this chapter is to summarise briefly the conservation
problems of the South-east Asian region and, using the Bangkok Conference
as a baseline, to show recent trends and developments in conservation—or
environmental—problems.
THE BASIC FACTORS IDENTIFIED BY THE BANGKOK CONFERENCE

Four basic factors were identified which were common throughout the
region and which gave rise to or aggravated all other conservation problems.
These were regarded both as most basic, and most urgent, by most govern
mental and non-governmental participants.
1 Public education: public indifference or ignorance of conservation
matters was basic to most other problems. Consequently it was emphasised
that effective public education in conservation was of great importance, and
the lack of it throughout the region, and the need to develop such education
at all levels, was a priority problem.
2 Governmental support: conservation matters generally had low, if any,
priority in governmental concerns. Consequently although governmental
support was essential for effective conservation action in nearly all fields,
effective governmental support was insufficient or was lacking in all countries
255
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involved. Where there were governmental activities in conservation, there
was frequently lack of co-ordination between the different agencies or
departments involved, even where they dealt with the same resource.
3 Conservation staff and facilities: there was a lack of sufficient—or, in
some cases, of any—trained staff and facilities within the conservationoriented governmental agencies and departments throughout the region.
This problem stemmed from the lack of governmental support, and was
aggravated by the lack of facilities for training of South-east Asian personnel
to deal with South-east Asian conservation problems. It was emphasised
that although training received out of the region could be appropriate at
some levels and for some purposes, there was no substitute for effective
training within the region—within the ecological and cultural conditions
in which the staff must work.
4 Basic scientific knowledge: in nearly all aspects of conservation, there
was lack of adequate scientific knowledge on which to base effective conser
vation policy and management. The environments of tropical South-east
Asia are complex and relatively poorly known ecologically. Much of the
basic information about an environment which was assumed to exist in
some other parts of the world simply did not exist for the South-east Asian
region. For example, although soil surveys existed for some areas, the basic
ecological information about soil types and how they responded to irrigation
and other treatment did not exist for parts of the area. Elementary informa
tion on the life cycles and ecological requirements of most of the plants
and animals was fragmentary or did not exist. Even more basic, in many
areas there was not even a comprehensive inventory of the plant and animal
species that occurred, and if such an inventory were made, species new to
science certainly would be found.
Part of the reason for this lack of scientific knowledge was—and is—that
most ecological research, with its consequent development of theories and
applications, had been carried out in the Northern Temperate Zone.
Remarkably little research had been done in the rest of the world. Most
development and technical assistance in the tropics had involved attempts
to apply the knowledge and methodology developed in the north directly
to areas where the environmental and cultural conditions were very different.
It was then becoming—and is now—abundantly clear that this approach
usually led to unfortunate environmental consequences.
THE MAJOR CONSERVATION PROBLEMS

In the course of the Bangkok Conference the following were identified as
the major conservation problems which existed throughout the region at
that time:
i The need for comprehensive, integrated resource planning and research:
resource problems, and indeed, most conservation problems, do not exist as
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separate entities but rather exist within the framework of overall land use
and resource management. Traditionally within this region, as elsewhere,
land use and resource use have been approached on a piecemeal basis.
Equally, conservation problems were approached on a similar basis. Threat
ened species and national parks tended to be considered as problems
separate from the land-usage policies which threatened them. Consequently,
it was emphasised that a major problem in the region was the development
of comprehensive approaches to integrated resource planning and utilisation
by governments. Basic to this approach is a comprehensive resource-capability
—not simply an agricultural ‘land-use’—survey, such as was being carried
out by the government of Malaysia. The need for resource inventories and
adequate ecological research to support this comprehensive governmental
approach was also emphasised.
2 Need for forest and watershed management and protection: the rapid
loss of forest cover through a combination of factors was recognised as a
major problem in nearly all countries. The results included loss of forest
products, soil, water and hydro-electric potential, forest recreation and wild
life; alternate periods of drought and flood in the lowlands; loss of produc
tive capacity of key parts of the land; and possible alteration at least of local
climates. The problems here were less scientific than political and adminis
trative, and required more effective governmental organisation and action.
3 Shifting cultivation: while shifting cultivation was an effective method
of tropical land use when the human populations involved were small, the
increases in population and the extension of the system on to ever-steeper
slopes was recognised as a major problem. The result is accelerated loss of
forest cover, soils and waters, but solution of the problem involves a complex
set of political, economic and sociological factors.
4 Need for effective management of wildlife resources: the wildlife of the
region provided a significant part of the protein diet of much of the human
population, and, properly managed, it offered a potential for significant
increases in protein production, and in some areas it offered an outstanding
potential for development of tourism based on wildlife observation. Effective
management, however, was nearly totally lacking throughout the region.
5 Aquatic resources and pollution: sound management programs for both
marine and freshwater resources were very rare. Utilisation was mostly based
on maximum possible exploitation, not management for sustained or
improved yields. Destructive exploitation practices, such as dynamiting, were
damaging the habitats and reducing the possible yields rather than enhancing
the resource. Water pollution was locally a problem, particularly near dense
urban areas, at mouths of rivers where poor forest and watershed manage
ment were causing heavy siltation, and where chemical wastes from mining
practices poisoned the waters.
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6 Pesticides: the increasing use of pesticides, particularly insecticides and
herbicides, was recognised as posing a problem in 1965 and a potential
problem of great magnitude. Research reported at the conference showed
that under tropical conditions, persistent non-selective insecticides such as
DDT provided only a temporary answer to pest problems, and tended to
create worse problems than had existed before. While the need for pest
control was recognised, the need to develop more specific pest control
methods which were more effective in the long term and safer environ
mentally was considered a major problem.
7 Conservation education: there was a clear and urgent need to develop
effective ways to provide conservation education and develop conservation
awareness among the general public. Approaches through the various
schools and approaches to the public outside of schools were both required.
A variety of different means was needed, and among the greatest lacks were
educational materials and adequate training opportunities for training staff,
both now and in the future.
8 Conservation training: training of staff of conservation agencies and
departments (e.g. Forestry, Soil Conservation, Agriculture, Wildlife, Fish
eries, National Parks) was a major problem. The needs existed at all levels,
but the facilities for adequate training did not exist within the region.
Among the types of facility identified were in-service courses, workshops,
short courses, special courses or strengthened curricula at existing institutions,
and floating conservation faculties who could set up or teach conservation
courses or curricula at a series of institutions throughout the region.
Emphasis was given to the importance of training within the region, as
opposed to reliance on sending staff to foreign institutions.
9 Threatened species: many plant and animal species were recognised as
being depleted or threatened with extinction. In some cases over-exploitation
was a major factor, while in most cases, habitat destruction was the key
factor. The needs identified were for recognition of the problem by the
authorities, with adequate and enforced protective actions, including
creation of reserves or other mechanisms to protect the habitats within which
the organisms could exist.
10 National parks and reserves: with the increasing human population
and accelerating alteration of the land surface, it was becoming more and
more difficult to find areas unaffected by human activities. Because of lack
of recognition of the importance of saving areas, and the emphasis on
development, many areas of unique scientific, aesthetic or other value were
being lost. There was need for an inventory to identify the environmentally
critical areas in each country, and for effective action to set them aside for
appropriate management, as national parks, recreation areas, or for scientific
or other purposes. Within such areas there was need for zoning and manage-
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ment to assure that the values of the areas were maintained while the
maximum values—economic, recreational, scientific, etc.—were received by
the countries involved. Owing to the work of the Conservation Section of
the International Biological Program (IBP), the principle that representa
tive samples of the world’s ecosystems should be preserved for scientific study
was becoming widely accepted, but there was little action yet to implement
it in South-east Asia.
THE CURRENT STATUS OF AND TRENDS IN NATURE CONSERVATION IN
SOUTH-EAST ASIA

In general all the above conservation problems still exist. If a new
Bangkok Conference were to be held now, its findings would indicate that
relatively little has occurred, at least on a regional basis, to remove from a
current conservation problem list those same problems identified at Bangkok
in 1965. Indeed, many have become even more aggravated. However, in
the time since that conference several very significant changes have occurred.
1 International recognition of conservation or environmental problems:
what were termed ‘conservation problems’ at the Bangkok Conference are
now widely known as ‘environmental problems’. The past two years or so
have seen a rapidly-growing, worldwide recognition of the existence and
often critical importance of these problems. The emphasis given conservation
by the Twelfth Pacific Science Congress, and the forthcoming United
Nations Conference on Problems of the Human Environment, are indicative
of this increasing international recognition.
2 Resulting environmental action: the increasing environmental aware
ness has resulted in dramatic advances in environmental policy and action,
both at public and governmental levels, in some countries. In others,
including most of the South-east Asian nations, there has been little such
action as yet. Singapore is an exception. In Singapore concepts of environ
mental management are being applied to matters ranging from land-use
planning (e.g., siting of airport and new industries) to effective anti-litter
and anti-pollution programs; and the government of Singapore has taken
the lead in proposing a regional environmental control organisation.
3 Problems of urbanisation and industrialisation: Singapore, however, is
almost wholly urban and industrial. Consequently, it differs significantly
from the other countries of South-east Asia which are mostly rural. How
ever, throughout the region the past few years have seen a great increase in
urbanisation and associated industrialisation. This, in turn, has resulted in a
series of conservation—or environmental—problems, including air pollution,
water pollution, and unprecedented needs for waste treatment and disposal.
This increasing industrialisation, and concentration of population, in turn,
is creating conservation problems in the non-urban areas. There are greater
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demands for energy—resulting in needs for more hydro-electric projects to
satisfy them—greater needs for water and for intensified production of
various other resources.
4 Emphasis on economic development: parallel with these changes in
some of the countries has been increased governmental concentration on
rapid economic development, to the near exclusion of environmental con
siderations. This has led in some cases to rapid agricultural intensification,
with concurrent greatly increased use of pesticides and fertilisers. It has
resulted in the commitment of most of the region’s remaining lowland
forests to timber concessions which appear to allow for quick exploitation
on a one time only basis, with the clear possibility of leaving a wet desert
in their wake. It is leading to development projects along water bodies
which may lead to seriously increased eutrophication and pollution. And it
has led to single-resource or single-purpose developments which, because of
their impact on other resources and their other environmental costs, appear
to be highly questionable in terms of human welfare.
This type of narrow governmental emphasis on economic development
has aggravated previous environmental problems and brought on new ones.
It has underscored the need for comprehensive, integrated programs for
resource use and capability planning and management, and emphasised the
critical need for governments to make comprehensive resource-capability
surveys of their countries so that their decisions affecting development can
be made against a background of knowledge of their overall needs and
capabilities.
5 Oil spills and blowouts: another recently aggravated and recently
recognised conservation problem is that of oil spills and blowouts. The past
several years have seen a wide extension of drilling for off-shore oil, particu
larly on the Indonesian continental shelf. Serious leaks and blowouts have
already occurred, and with the anticipated increased drilling activity there
and elsewhere in the region, severe oil pollution damage to marine and
shore resources is feared. The possibility of oil spills from increasingly heavy
traffic of oil tankers provides another source of concern to the South-east
Asian countries which have vulnerable shorelines and harbours, and this fear
is aggravated by the prospects of introduction of super-tankers. Effective
measures on both national and regional bases are needed to provide protec
tion from this environmental hazard.
6 Quantitative data on pollution: since environmental problems in general
are only just being recognised by governments, and some of them are of
quite recent origin or acceleration, in most cases there is little information
on which to judge their extent and seriousness. For example, there are no
quantitative data by which to determine the extent of air and water
pollution throughout most of the region. Even where some present measure-
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merits are available, there are few or no baseline data against which to make
meaningful comparisons.
7 Governmental organisation to deal with environmental problems: the
institutional framework and governmental structures in South-east Asia
were not developed at a time when environmental matters were a serious
consideration. Consequently governments are not able to deal effectively
with many environmental problems.
The typical pattern is to have a variety of governmental agencies or
departments whose activities or responsibilities affect the environment, but
whose activities are not co-ordinated, are often overlapping, competing or
conflicting; while at the same time large areas of environmental concern are
not covered by any existing agency. Therefore, a major conservation problem
throughout South-east Asia is to develop new governmental institutional or
structural arrangements specifically aimed at enabling the governments to
deal with environmental problems. It should be emphasised, however, that
this problem is world wide, and a number of governments are reorganising
to improve their capability for meeting environmental responsibilities. Within
the past year or so reorganisation or restructuring of governments for more
effective co-ordination, policy making, and management in environmental
matters has occurred in a series of governments, including those of Japan,
the United States, England, Germany, France and Sweden. Similar moves
are under development elsewhere in Asia, the Americas, Europe and Africa.
8 Need for environmental expertise: a corollary to the need for effective
institutions for environmental action is the need for expertise to develop
these institutions, and the need for personnel adequately and appropriately
trained to deal with South-east Asian conservation problems. It cannot be
overemphasised that South-east Asian problems require South-east Asian
answers—and that knowledge and technology developed in different environ
mental and cultural situations rarely can be applied directly to South-east
Asian problems.
CO NCLUSIO N S

Relatively little progress on conservation problems has occurred in the
South-east Asian region since 1965. Most of the same problems that existed
then are still problems. Some of them are considerably aggravated. To these
has been added a whole new series of problems. However, in part because
of the nature and visibility of some of these problems; in part because of
the increasing world wide attention to environmental problems—which in
itself is due in part to the continuing work of those who have long recog
nised the problems and long advocated action on them—and in part
because of the growing recognition that environmental quality is an integral
part of human welfare; there would appear to be a greater likelihood now
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than ever before that effective action will be taken on some of the problems.
As a corollary, there is a greater opportunity, and responsibility, for
scientists concerned with this region to contribute positively to this action.
REFERENCES

Talbot, Lee M. and M artha (eds.) 1968. Conservation in tropical South East Asia.
IUCN, Morges.

24-

Problems of Pollution and Siltation
from Mines in Some Philippine
Waters
H. R. R A B A N A L

a n d

B. Y. D A T I N G A L I N G

T h e inland waters of the Philippines—consisting of lakes, rivers, swamps,
marshes, reservoirs, fishponds, and irrigated rice fields—have an aggregate
area of over a million hectares. The harvest of fish from these waters
contributed about 100,000 tonnes (12.5 per cent) of fish to the estimated
800,000 tonnes produced in the country in 1969. Although the 1969 fish
production from inland waters is comparatively small, the potential of
this industry is great. Furthermore, fishery production of this type is very
important as it is readily accessible to the rural areas where the need for
protein foods is felt most. Expansion of inland fishery areas and intensifica
tion of management would certainly augment the fish supply from these
areas. Even before its full development, however, the industry is already
threatened by over-exploitation, pollution and siltation.
Over-exploitation includes excessive and abusive use of fishing grounds.
Owing to the great need for protein foods and/or inadequate information
on the need to conserve their fishery resources, the people over-fish or use
their fishing reserves indiscriminately. On the other hand, the problems of
pollution and siltation increase with the steady growth of population centres
in the country. Complicating these problems are changes in the environment
brought about by industrial developments that discharge their production
wastes directly into the inland waters.
The mining industry is one of the many developments in the Philippines
that can produce environmental changes highly unfavourable to the fishery
industry. One industry, however, need not necessarily be sacrificed for the
other. Conservation of fishery resources can be achieved through co-operative
efforts between the miners and the fishermen.
SURVEYS AND OBSERVATIONS

The National Water and Air Pollution Control Commission (NWAPCC)
is the agency of the Philippine Government charged with the responsibility
of administering problems involving water and air pollution in the country.
Other government agencies with interest on pollution questions collaborate
263
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with the NWAPCC. The Philippine Fisheries Commission (PFC), for
example, conducts studies on pollution problems affecting fishery resources.
It is our purpose here to report some observations made by the Commission
on four Philippine rivers, the Larap, Lawis, Taft and Abra.
The Larap River
The village of Larap in J. Panganiban municipality, Camarines Norte
province, is located in the south-eastern central part of Luzon island. It has
several creeks issuing from the immediate mountain areas of the region and
flowing abruptly into Larap Bay. The creek areas are low and the swampy
parts have been converted into fishponds. The peninsula along Larap Bay
has been mined for iron. That its operation has brought about big changes
in the surrounding waters is very apparent.
Observation stations for the pollution survey group were set up to deter
mine the extent of these changes. The transparency at the point of discharge
of the mine effluents was much reduced. The beds of the creeks and bay
in the affected areas showed accumulation of suspended materials and silt
from the mines. The pH was slightly acidic, an indication either of heavy
accumulation of organic matter from the surrounding watershed or of the
dumping of acid-forming substances from the mines. This acidity was
quickly neutralised by the saline seawater and sea bottom as the creek
waters flowed farther down the bay.
Plankton organisms, being free floating, are easily carried by the incoming
high tide and by the normal upstream water, but at the point of discharge
of the mine effluents there was no evidence of the presence of plankton.
At the time of the survey there were no facilities available to check the
presence of toxic substances from the mine effluents, which could have
caused the destruction of plankton and bottom organisms. It is also to be
noted that the reduced transparency, siltation and rapid changes of the
creek and bay bottoms could have caused the destruction of the benthic
organisms.
There are no available data on the amount of fish production derived
from the Larap coastal area before the establishment of the iron mine.
However, since the operation of this mine, no fishing has been possible in
the bay. Attempts have been made to initiate fish production by construction
of fishponds in the swampy sites in this area but pollution from the mining
site continues to prevent substantial production from these ponds.
Lawis River
The Zambales coastline in west-central Luzon is characterised by numerous
small rivers and creeks issuing from the Zambales mountain range. The
Lawis river is one of the bigger creeks in the area. This river has become
a sensitive pollution area because of the establishment of a chromite mine
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in Coto village, Masinloc municipality, 30 kilometres from the mouth of
this river.
At the time of the survey, turbidity and siltation were observed at the
point of discharge of the mine effluents. Chemical conditions were found
to be relatively normal. Plankton were not seen, and benthic forms through
out the affected river bed were either greatly reduced or completely non
existent. The survey showed that there was a decrease in the number of
fish species populating the river in the affected areas. The section of the
river where the mine effluents were discharged actually became a separation
point between the resident species upstream and the species downstream. It
barred the downstream species from making their periodic migrations up
the river course. It was not possible to make a bio-assay of the effluents
during the survey.
Taft River
Taft river is a medium-sized river along the eastern coast of the island of
Samar. It widens and flows through the municipality of Taft and finally
empties into the Pacific Ocean. The upstream section of the Taft river
receives the production wastes of an iron mine situated in the municipality of
Hinabangan.
A survey of this river showed that at the point of discharge of the mine
effluents the river was highly turbid. Chemically, the effluents imparted an
acidic character to the river water lowering the pH to as low as 4.3. This
acidic condition was rapidly restored to neutral after the river water became
diluted in its downstream course.
There were no plankton organisms near the mine site, but they reappeared
as the river flowed farther downstream. A bio-assay on the effluents showed
high toxicity. Test fish, consisting of milkfish fingerlings, placed in undiluted
effluents died within twenty minutes. In a 50 per cent dilution test fish died
within thirty minutes, in 10 per cent the fingerlings died within six hours.
Lesaca (1970) reported that this river carries from the mine establishment
about 300,000 tons of silt annually. To minimise pollution, the firm concerned
started to improve its ponds for disposal of tailings. A large part of this
project of deepening one of the tailings ponds had been completed by the
company by June 1969 (National Water and Air Pollution Control Commis
sion 1969).
Abra River
The Abra river is one of the bigger river systems of the island of Luzon.
Its tributaries start from Benguet province in north-central Luzon. The river
winds down through the eastern flank of the province of Ilocos Sur, moves
on to the province of Abra, and flows back again to Ilocos Sur before it
empties into the China Sea. Its upper watershed consists of the mountains
of Benguet province, specifically Mount Data.
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Along its course the river passes through the town of Mankayan, Benguet
province, where two important mining companies have been established.
The first company mines gold and silver, and its mills discharge production
wastes into the Suyoc tributary of the Abra river. The second company
mines gold, silver, and copper. It discharges its effluents at the upstream
main branch of the same river system. These two affected tributaries join
to form the upper main body of Abra river at a point near the boundary of
Benguet and Ilocos Sur.
The river takes a winding route through eight towns in Abra before it
takes a westward direction through the towns of Bantay, Santa and Caoayan
in Ilocos Sur. It finally opens through a delta to the China Sea. The clear
waters from the mountain sources of the Abra river are immediately trans
formed into very turbid blackish and silt-laden body of water at the points
of discharge of the effluents from the two mining companies. Water samples
taken at this point of the river were strongly acidic. Dissolved oxygen content
was practically nil.
There were no plankton and bottom organisms in the affected section.
Although it is known that this river serves as a migration pathway of several
economic species of fish such as various species of gobies (Gobiidae), eels
(Anguilla) , prawns (Macrobrachium), and mullets (Mugilidae), these
species do not exist in the upper segment of the river. It is fortunate that
extensive dilution from the many tributaries coming from the vast watershed
of this river system allows restoration of the river water to near normal
conditions as far upstream as its main branch in the province of Abra.
The effects of pollutants and silt from the two mines have been felt
heavily in the municipalities of Mankayan in Benguet and of Cervantes and
Angaki in Ilocos Sur. The two mining companies affecting the Abra river
have begun to instal facilities to control pollution from their plants. One
has begun construction of a diversion tunnel and dam for its tailings while
the other has already completed its tailings dam and culvert (National
Water and Air Pollution Control Commission 1969,1970).
R E SU L T S

In the rivers investigated the sources of effluents destructive to aquatic
life are the mining establishments located along the headwaters of these
rivers. The surveys on these rivers reveal the following:
1 The mining establishments contribute great amounts of silt as well
as heavier suspended material to the river waters.
2 Some of these mining firms have tried to make provision for proper
disposal of their wastes but their attempts are evidently inadequate.
3 In addition to unfavourable changes in the environment brought about
by silting, the processes in these mines may have caused the discharge of
substances highly poisonous to fishery resources.
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4 While the immediate effects of discharged silt and poisonous substances
into a river system may be the dramatic death of fish and other aquatic
resources, such occasional occurrences are generally less harmful than the
permanent changes brought about insidiously in these rivers.
Of special significance to this investigation are reports of studies on the
effects of various substances toxic to aquatic life. Information on this aspect
may be summarised as follows:
i
All metal cations and other dilute solutions of single metal salts can be
toxic to fish (Table 22).
Table 22.

Relative Toxicities of Various Metals to Fish (modified from Doudoroff
and Katz 1953)**
R elative toxicity
a n d nam e of m etal

I H igh toxicity
Ag
Hg
Cu
A1
Pb
Cd
Zn
Au
Ni
Cr
II M edium toxicity
Co
Mn
K
I I I Low toxicity
Mg
Ba
Na
Ca
Sr

C om pound tested

A gN 0 3
H gC l2
C u (N 0 3)2
A 1(N 0 3)3
P b (N 0 3)a
C d(N 0 3)2
Z nS 0 4
H A u C 14
N i(N 0 3)2
C r2(S 0 4)3

M inim um lethal
concentration **
(ppm)

0.003
0.008
0.015
0.07
O .I

0.2
0.3
0.4
0.8
1.2

C o (N 0 3)2
M n (N 0 3)2
kno3

50

M g(N 0 3)2
B a(N 0 3)2
N aN 0 3
C a(N 0 3)2
S r(N 0 3)2

300
400
500
800
1200

10
40

* Based on studies on large sticklebacks, Gasterosteus aculeatus.
** Concentration of the m etal a t which the average survival tim e nearly equalled th a t of
controls (about ten days).

2 Silver, mercury, copper, lead, cadmium, aluminium, zinc, nickel,
trivalent chromium, tin, iron, gold, cerium, platinum, thorium and paladium,
are heavy metals of high toxicity to fish. A combination of cupric, mercuric
and silver salts, being synergistic, is extremely toxic.
3 Substances classified as moderately toxic to fish are potassium, lithium
and manganous and cobaltous ions.
4 Barium, sodium, calcium, strontium and magnesium are the least harmful
to fish.
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5 The cyanide radicals of the heavy metals are important industrial
effluents from mines. It has been found that these chemicals are definitely
toxic and while they may start as complex salts of lesser toxicity, they become
more toxic as they decompose to simpler salts or as free cyanides. Many
mine mills in the country use this chemical extensively and they have been
found to kill fish even in minimal doses (Tables 23 and 24).
Table 23. Estimated Consumptions of Cyanide and Zinc of Various Mining
Companies in Baguio Mining District, 1962 (Bacani and Marinas 1963)*
M ining Com pany

A m ount of
cyanide used
kilograms

i
2
3
4
5
6
7
T otal

A m ount of
zinc used
kilograms

823,696
64,308

87,503
5,933

56,248
125,375
117,070
19,920

12,733
315
2,614
—

1,206,617

109,098

* Based on total weights of ore m illed for 1962 and corresponding weights of cyanide a n d
zinc used per ton of ore by each of these companies.

6 Owing to the destruction of the existing fauna and flora by silt or
poisonous substances from the mines, a considerable amount of organic
matter may accumulate in the river. Heavy organic decomposition in water
results in the excessive consumption of the dissolved oxygen content of the
water, over-production of carbon dioxide and emission of hydrogen sulphide,
making such water unsuitable for aquatic life.
Inorganic materials coming from mine sources in the form of tailings
(Tables 25 and 26) contribute tremendously to the death of aquatic
Table 24.

Results of Toxicity Tests of Sodium Cyanide on Fish (partly after
Doudoroff 1956)*
Cyanide as
CN~ (ppm)

0.42
0.32
0.24
0.18
0.135
O.IO

Control

Per cent Survival
----------------------------------------------------------------24 hours
48 hours
96 hours
0
0
60
100
100
100
100

0
0
53
100
100
100
100

* Based on test on Pimephales promelas in soft w ater a t 20°C.

0
0
40
90
100
100
100
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organisms in rivers. Mine tailings consist of suspended particles ranging in
size from very fine to large. Combined with naturally produced sediments
and silt, these suspensions accumulate and settle in river beds making the
river unsuitable for the existing flora and fauna or for new populations
of living organisms.
T a b le 25. M ine T ailings D ischarged into th e Agno, Bued* a n d A b ra Rivers,
L uzon, 1962 (J. M . B acani a n d H . C. M arinas pers. comm .)
A m ount of
M ining com pany m aterial m illed
tons

P a rt used
for fill
tons

P a rt dum ped
into river
tons

—•
14,112

1,283,380
628,762

I Agno River
I

2
3
4

T otal

1,283,380
642,874
117,605
118,873
2,162,732

74,091

4 3 ,5 h

7,370

111,503

64 , 996

2,097,736

I I Bued River

5
I I I A bra River
6
7

T otal

R eported as discharged
initially into silting ponds for
settling before release to river

I4 d 7 4

117,605
476,605

—
381,004

117,605
95,126

593,735

381,004

212,731

* T he Agno an d Bued rivers are two other rivers located in the m ining district of Luzon
island near the vicinity of the A bra river.

T able 26. E stim ated A n n u al S edim entation a n d Silting o f th e Agno R iver from
N atural Erosion an d M ine T ailings (J. M . Bacani a n d H . C. M arin as pers. comm .)
A m ount
during dry
season
tons

A m ount
during rainy
season
tons

T otal
by type

N atu ral erosion
sediments

216,285

3,473,589

3,689,874

68

M ine tailings

687,106

1,048,868

1, 735,974

32

T otals by season
and grand total

903,391

4,522,457

5,425,848

100

Per cent

tons

C O N C LU S IO N S

i It is strongly recommended that industries, firms or establishments that
iffect waterways provide facilities adequate for the treatment of their
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production wastes. Their research departments should include units to
analyse their effluents from time to time.
2 The National Water and Air Pollution Control Commission should be
given sufficient support so that it can carry out effectively its function of
pollution control. It should be assisted to establish and maintain an efficient
central laboratory for testing of pollutants.
3 If treatment facilities for industrial effluents are not economically
feasible, various regions should be zoned into industrial zones or natural
resource reserves. The idea is to reserve natural areas with valuable fishery
resources for fisheries and leave those with meagre natural resources for
industrial purposes. The mine mills located in fishery-rich areas must be
closely supervised to insure continuing compliance with anti-pollution
measures.
4 Finally, there should be a co-ordinated effort on the part of all agencies,
government and private, to make the people realise the great need to
conserve natural resources and to develop vigilance over the preservation
of the human environment.
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25. Conservation Problems Associated
with Development Projects on the
Mekong River System1
L. M. T A L B O T

and

D. C H A L L I N O R

h e Mekong is one of the world’s largest rivers. The lower Mekong River
Basin includes a drainage area of some 609,000 sq. km. including portions
of Laos, Thailand, Cambodia and Vietnam, covering much of continental
South-east Asia. In this basin, between the Laos-Chinese border and the
sea, the main river is some 2,395 kilometres long (Figure 38).
The major sources of river flow are snowmelt in its upper basin and
monsoonal rainfall in the lower basin. In June and July the combination of
these sources creates the annual floods, the river rising rapidly, often as
much as 12 metres in two weeks. Vast areas downstream flood and remain
inundated throughout the period of the monsoon. Toward the end of the
year, with slackening of rainfall, the water level drops, the river resumes its
banks and the current diminishes, nearly ceasing in places. The dramatic
difference in flow between wet season and dry is illustrated by figures from
Vientiane, where maximum flow (20,800 cu.m./sec.) in the wet season may
be thirty times the minimum (701 cu.m./sec.) for the dry season.
This annual cycle of inundation provides the set of conditions in which
the soils, and native flora and fauna, have developed or adapted. To a
large degree the same is true of the human population. Over 25 million
people in the lower Mekong Basin have a way of life adapted to the annual
flooding, and rely on the annual ebb and flow of the water for irrigation
of their crops as well as for provision of the fish which constitute nearly all
of their meat protein.

T

1 B ackground d a ta for this p a p e r have been provided by field ecological research an d
survey in the M ekong a rea in 1955 (T a lb o t i9 6 0 ) , 1964 an d 1965 (T a lb o t a n d T a lb o t
1968), o th er field research a n d survey visits to the area, an d extensive consu ltatio n
w ith individuals a n d organisations concerned w ith the M ekong P ro je ct a n d area.
Special m ention should be m ade of J . B ardach, H . J. C oolidge, F. R . Fosberg, J .
M ilton, F. N icholls, W . Solheim , R. v a n C leve; p a rticip a n ts in the M ekong S em inar
of the South E ast Asia D evelopm ent A dvisory G roup, personnel of the R egional
E conom ic D evelopm ent Office of the U S A gency for In te rn a tio n a l D evelo p m en t in
B angkok; the regional offices of the U n ite d N ations Food a n d A g ricu ltu re O rg a n iz a 
tio n ; U n ited N ations E d u catio n al Scientific an d C u ltu ra l O rg a n iza tio n ; T h e W orld
B ank; the M ekong C o m m ittee; an d representatives of the involved agencies or
departm ents of the G overnm ents of T h a ila n d , Laos, C am b o d ia a n d V ietn am .
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The Mekong Basin Development Program is one of the most ambitious and
largest development programs ever attempted. In general outline, it involves
a series of forty to fifty mainstream and tributary dams, with the major
objectives of power production, flood control and irrigation. Overall co
ordination is to be provided by the Mekong Committee established by the
United Nations Economic Council for Asia and the Far East, and technical
assistance and other support has been provided or pledged by nearly thirty
nations and a dozen international organisations.
In the early stages of program planning most emphasis was on engineering
aspects. Environmental and sociological implications were largely omitted.
However, within the past three years the governments and agencies involved
have been giving increasing attention to these matters, which for the purpose
of this paper are considered broadly as conservation problems. Conservation
problems associated with development projects usually arise because likely
environmental consequences were not adequately taken into account in the
planning and execution of the projects. The types of conservation problem
range from concern with conservation of natural areas and species, through
a large variety of environmental factors which exert a direct or indirect
impact on human welfare in the area.
The purpose here is two-fold: to summarise the major conservation
problems associated with development and resettlement projects in the
Mekong River System; and to recommend appropriate research and other
action.
SUMMARY OF MAJOR CONSERVATION PROBLEMS

Most proposals to date for developing the Mekong have involved con
struction of dams, usually with associated irrigation projects and resettlement.
Other, equally important aspects of development include various types of
agricultural programs, not necessarily associated with major dams, and
projects involving livestock, forestry, fisheries, wildlife and tourism.
There is a series of environmental factors common to virtually all types of
development in the Basin. It is not our purpose here to discuss these factors
in detail, but rather to present an outline of the major ecological factors—
potential conservation problems—which should be taken into account in the
consideration of development in the area. The major ecological consequences
of development projects in the Basin will stem from three main groups of
factors: firstly, the downstream consequences of altered river flow when dams
are constructed; secondly, the consequences of impoundment, that is the
creation of lakes when dams are constructed; and thirdly, the consequences
of resettlement, irrigation, and other changes in land use.
The Downstream Consequences of Dam Construction
These include the interruption to migration of river-run fish up and down
the stream, possibly denying some portion of the spawning grounds to
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economically important fish. This effect should be evaluated and the pos
sibility of developing alternate below-dam spawning sites should be explored
(R. van Cleve pers. comm.; Pantulu and Bardach 1970). The importance
of these problems is evident from the fact that fish are the main protein
source for most of the population of the Basin. The life cycles of the fish in
the Mekong are adapted to seasonal flooding. The completion of dams will
result in a nearly uniform year-long streamflow and will profoundly affect
the life cycles of riverine fish, and may even cause the extermination of
those with inflexible requirements. The new conditions may also favour
other fish predators, for example those which may seriously deplete the
total fish resource available for human exploitation unless appropriate
management measures are anticipated and taken.
At present cultivation relies on the annual Mekong flooding to provide
irrigation. Although no single dam alone will stop downstream flooding,
the engineering reports indicate that they may significantly reduce it. The
extent of this effect and the impact on the peoples downstream should be
carefully assessed. If upstream dams are completed first, it may be many
years before sufficient dams and irrigation systems are completed downstream
to provide substitute irrigation for all of those whose irrigation from floods
has been affected. The annual floods add nutrient to downstream irrigated
farms. Limiting silt deposition by the construction of dams will have some
effect on soil fertility, but much more information is needed before the limits
of this effect can be predicted. Alternate methods of fertilising farm land
will have to be planned, taking into account resource availability, trans
portation, and other economic factors.
The soils that have developed under periodic flooding may be gradually
altered when the flooding ceases. Soil structure, chemical composition, soil
dynamics including leaching and reaction to fertilisers, and erosion are
factors to be considered. There is not enough basic information on soil
characteristics and dynamics at present to predict the consequences of the
dams and to design appropriate management techniques. Most riverine
vegetation along the Mekong is adapted to seasonal inundation in some
degree. Cessation or control of annual flooding may therefore greatly affect
many plants and some species may be exterminated. Changes in vegetation
communities will certainly occur and thus affect habitats for wildlife, pests
and parasites. There will furthermore be consequent changes in factors
such as erosion and water retention, all of which will have some effect on
human interests.
Water characteristics below the dam will be significantly altered through
the filtration of silt and other elements in the lake, and through the addition
of fertilisers, pesticides, and other by-products of irrigation and changes in
land use.

Conservation Problems, Mekong River

275

'The Consequences of Impoundment

T’he general pattern of a sudden increase in the fish resources in a new
reservoir followed by a sharp decrease is fairly well known. Research is
needed, however, to learn the dynamics of this effect and to predict its
magnitude in order to develop an appropriate management plan. It is
important, for example, that a new fisheries industry not be created on the
assumption that the temporary increase in productivity will continue. Beyond
this, however, there are secondary effects in such impoundments including
changes in the species composition of fish, resulting in some cases in over
population of predators and reduction in either the quality or quantity of
the fisheries resource available for harvest. The creation of a lake in this
climate may generate unwanted side effects, including algal bloom, spread
of unwanted water plants, and other conditions which significantly reduce
the value of the impoundment. Research is needed to anticipate these
conditions and to develop appropriate management methods.
The creation of many miles of new shoreline and still water will almost
certainly create a good habitat for various disease parasites or their hosts,
such as schistosomiasis and filariasis, which can create a potentially critical
condition for the local human population. Schistosomiasis already exists in
several parts of the Mekong Basin (Schneider 1971). Experience from other
water-development projects in the tropics indicates that unless some effective
means of control can be found, the execution of the Mekong Project will
almost certainly result in the spread of schistosomiasis throughout the basin.
The siltation problem is well-known, but experience with other large
dams in South-east Asia has shown that the magnitude of the problem and
its aggravation by land use in the watershed area is usually drastically under
estimated. The patterns of resettlement and the treatment of the landscape
within the watershed should be designed with this in mind, and accordingly
knowledge is required of soil characteristics, responses to various types of
treatment, run-off and erosion characteristics. The concentration of resettled
human populations along the lakeshore or its watershed, coupled with the
impounded water itself (as opposed to the formerly flowing river) may
significantly increase pollution and its consequences. Considerations here
include sewage, siltation from erosion, fertilisers and pesticides, and their
impact on the impounded water and the fish and other organisms within it.
The utility of the lake for fishing and other human activities, and the
characteristics of its biology, can be effected by the treatment of the lake
bed before flooding. An important decision is whether or not to cut the
trees and other woody vegetation, which, if left standing, will remain intact
for tens and possibly hundreds of years, and thus interfere with fishing and
navigation.
Throughout most of the basin, the most productive croplands are the
denser, less porous soils in the valley bottoms. In most cases these have been
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cultivated for very long periods of time. The surrounding high land is
covered with lighter, porous soils of very low fertility, which will not sustain
intensive agriculture or will do so only under the most intensive and costly
treatment. Consequently, impoundment will result in the loss of the most
productive croplands of the area, and concomitantly will result in the need
for resettlement and very considerable cultural change of large numbers of
people. The human problems which these moves will entail should not be
underestimated. As the fertile bottom lands support the most productive
agriculture, they also support the most productive forests. Most of the forest
lands of highest commercial value in the Basin are in the valleys which
would be flooded by dam construction.
The area to be flooded contains species of flora and fauna of actual or
potential significance to science and, in some cases, of economic importance
to mankind. Some of the plant species may be limited to the impoundment
area and hence would be lost to science if they were not identified and
retrieved before flooding. It would be indefensible on scientific, economic
and ethical grounds to destroy such resources. Consequently a biological
inventory of the area to be flooded is essential. In some cases ecological
study of the dynamics of the plant and animal communities to be flooded
will be important not only for science but also for its application to produc
tivity management in the areas to be irrigated or in which the human
population is to be resettled. The same principle holds not only for the
areas to be inundated but also the considerably larger areas which will be
effectively equally altered through irrigation projects and resettlement.
The human ecological history in the area is of great significance not only
culturally but also ecologically to help us understand how conditions got
this way and what we can do best to manage them for human benefit in the
future. River basin areas have been the loci of prehistoric human settlement.
The recent carbon-14 datings by Gorman (1969), which place early plant
domestication in this area at around 7000 bc , totally alter the previous
beliefs about the origins of agriculture. From a standpoint of human history
and development, these discoveries are of far greater significance than are
the archaeological sites along the Nile such as Abu Simbel. The drowning of
these Mekong sites before adequate research had been carried out would be
inexcusable. We also need to learn as much as possible about the primitive
types of crop plants that were evidently cultivated at this early date to see
whether any wild forms still remain for plant breeding purposes.
The Consequences of Resettlement and Irrigation
We still have very little knowledge about the ecology of many of the tropical
soils, their response to irrigation and fertilisation, and their suitabilities for
various types of treatment. With this subject, as with most ecological matters
in the tropics, we cannot apply knowledge and technology developed in the
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northern temperate zone; the research should be done on the spot. Part of
this research can be provided through the development of pilot irrigation
projects in appropriate areas and part requires basic ecological studies.
In terms of surface area, the potential alterations in land use, including
irrigation and resettlement projects, may be far more extensive than the
actual impoundments, and from the standpoint of many biotic resources
these projects may be equally devastating. Quite large numbers of people
would be moved into areas previously sparsely occupied. For example, the
Pa Mong would involve resettlement of at least 200,000 and the Stung
Treng over half a million people. Centres of population and transportation
facilities must be built. Large areas must be cleared and prepared for
agriculture.
Resettlement of people introduces factors beyond the physical alteration
of the vegetation and soil for cultivation. Where livestock is involved, its
feeding affects the existing vegetation and may compete with indigenous
fauna. Throughout much of the Basin, a very large proportion of the popu
lation has some type of rifle or shotgun. Since the human populations in
volved rely on wildlife for a protein supplement (see below) there is auto
matically increased pressure on wildlife resources whenever additional people
move into an area, or access is provided into formerly unsettled areas. In
Sayaboury, for example, the original residents complained bitterly that the
wildlife on which they formerly relied had nearly disappeared because of the
increased hunting by the people who had been resettled in their area.
These effects are aggravated where there are large concentrations of dis
placed people. The resettlement officers in Laos described the areas where
there were concentrations of war refugees as becoming ‘mountainous deserts’
because of the concentrated impact on both flora and fauna. There are
parallel situations in Vietnam. Similar, possibly slightly less aggravated,
effects will follow displacement of people by the rising waters of impound
ments, wherever adequate resettlement areas and arrangements have not
been prepared. Lam Dorn Noi provides an example. Thirteen hundred
families must be moved from the impoundment area. Local government
officials stated that they thought many of them would not move to the
resettlement area to the west, because it was obviously so unsuitable, and
that instead they would move to the forests to the east where there are still
wildlife and other forest products.
Study of plant communities can provide basic information on the
dynamics and productivity of these areas and can also provide an index to
their suitability for human use. If the areas currently planned for irrigation
are not now being cultivated and used by man, there must be some good
reasons for it. Although provision of irrigation water is undoubtedly one of
the reasons, there may be others having to do with basic productivity, soil
suitability, parasites and diseases, or other factors, and these should be
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examined carefully before large numbers of people are moved and large
amounts of resources committed to this move.
Irrigation canals, and the new environment created by irrigation, usually
create optimum environments for pests and parasites of humans. Schisto
somiasis and filariasis have been an almost automatic concomitant of similar
projects elsewhere in the tropics. Malaria and other public health problems
must also be anticipated, and this requires knowledge of the ecological
requirements of the potential problem organisms and of the environment to
be created through the irrigation and resettlement. The potential problems
are both aquatic and terrestrial. Rats and other rodents find such environ
ments ideal and these creatures serve as hosts for plague as well as for
animal diseases which affect domestic livestock.
Rats destroy nearly 60 per cent of the rice produced in a few areas of
South-east Asia and even in less extreme situations they significantly reduce
productivity while increasing the disease hazard for humans. Other potential
animal pests and their predators exist in the Mekong area and research is
required to identify their relationships in order to anticipate future problems.
The same applies to insect pests and their control. The unrestricted use of
pesticides, particularly DDT, has been proved dangerous to the total environ
ment and self-defeating to many of the agricultural programs in tropical
areas. The new agricultural area to be opened up is of such magnitude that
we cannot afford to assume we can rely upon the traditional pesticides there.
A simple method of biological control may be appropriate in some areas,
possibly using control organisms or interspersion of two or more types of
crops.
There are abundant wildlife resources in parts of the Basin. Northern
Cambodia in particular contains a remarkable variety of large wild mam
mals. At present wildlife—birds, mammals and reptiles—provides some of
the protein for many of the residents of the Basin. The possibility of using
this wildlife for a greater sustained food yield should be investigated.
Equally, the potential for utilisation of wildlife in tourism to bring additional
revenue to the area should be examined. Determining the existence of
species, and their productivity, habitat requirements and potential manage
ment is necessary before any planning on the wise management of this
resource can occur. Livestock is important in the Mekong Basin. Some of
the wild bovines may provide genetic resources through which domestic live
stock better adapted to this tropical environment might be developed.
New types or strains of crop plants or animals may prove to be better
adapted to the resettlement areas than the relatively traditional ones thus
far considered. Dr Gilbert White (pers. comm.) has emphasised the im
portance of exploring for new plants to increase local productivity. Eco
logical research will provide necessary insight into the productivity and
dynamics of the flora and fauna of the area and the ecosystems in general.
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I t can provide the information needed to achieve greater productivity, and
to this end research may show the advisability of modifying the irrigation
systems now planned, the species of plants and animals to be used, and even
the areas to be developed.
Failure to study the complex ecology of tropical areas or attempting to
apply knowledge developed in temperate environments has all too often
resulted in long-term deleterious effects in past tropical river basin develop
m ent projects. The Mekong Project is the most ambitious river basin project
e ver developed by man. In it there is a deep responsibility and a unique
opportunity to avoid these past mistakes.
RESOURCES AND ACTION NEEDED

Ecological Knowledge
I t should be emphasised that in the Mekong Basin we are dealing with a
very complex environment about which relatively little still is known. We
do know that whenever we manipulate one aspect of a complex tropical
environment we profoundly affect many, if not most, other aspects. These
reactions may be of benefit or harm to the human population. Consequently
it is necessary to take cognisance of the environmental factors in any develop
ment in the area. However, much of the basic information about the
environment which is assumed to exist in North America simply does not
exist for the Basin. Consequently, research and environmental monitoring
must be a component both of the preparation and the execution of develop
ment programs in this area. There are several requirements for this research:
1 Biological survey at least of the major floral and faunal components.
2 Opportunity for initial and subsequent study of the structure and
function of the major ecosystems involved, to obtain at least the minimal
knowledge needed to plan and execute the proposed development.
3 Opportunity for continuing monitoring of environmental parameters, to
determine the extent, direction, and significance of changes brought about
by the development.
These requirements, in turn, imply two conditions: First, that within the
development process there should be opportunity for initial survey and
necessary research, before the environment is modified; and second, that
scientific reserves be set aside as benchmark areas or ecological reference
points adequate for research purposes both for continuing monitoring (for
comparison with parallel monitoring of the area being developed) and for
subsequent necessary research (also see below, Scientific Reserves).
Biotic Resources
The Mekong Basin contains species of flora and fauna of actual or potential
significance to science, and, in some cases, of economic importance to man.
Each plays some role within the ecosystem. In most cases we do not yet have
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sufficient knowledge of the Mekong Basin to define that role. For example,
these biotic resources provide a gene pool which may prove to be of great
importance in the developmental process. Research may indicate that some
forms can serve as biological controls for pests in cases where chemical
pesticides cannot be used. Native grasses, and other plants, by themselves or
crossed with domestic plants, may provide keys to greater productivity from
the tropical areas than is now possible with conventional plants and cultiva
tion. The same is true with mammals. The indigenous wild cattle such as the
kouprey in Cambodia, have evolved and adapted within the Mekong
environment, and are far better adapted to it than any domestic livestock.
Some species of plants and animals have very limited ranges, or habitat
requirements. They might, for example, be limited to a small area to be
inundated by a proposed dam or altered by a resettlement project, and they
would be lost to mankind if they were not identified and retrieved before
development took place. Consequently biological surveys of the areas to be
affected are essential. They should be coupled with a biological salvage
operation for species which would otherwise be lost.
Wildlife
South-east Asia in general, and the Mekong Basin in particular, has a
remarkably rich wild fauna (Boonsong Lekagul 1968, Ripley 1964, Talbot
and Talbot 1968). There is a great variety of birds, reptiles, and small
mammals, and the large mammalian fauna rivals east Africa in its variety.
The larger herbivores range from the mouse deer, at around 5 kilograms,
to the elephant at several tons, and include a remarkable variety of deer and
wild cattle.
Wildlife provides a food source of very considerable importance through
out much of the Basin; in parts of northern Cambodia, hunting is a major
activity during the dry season, and provides a major source of meat protein.
Throughout the mountainous areas, shifting cultivation is practised, some
times in combination with lowland paddy cultivation, and hunting is nearly
always a part of the system.
Although some guns have been available for many years, much of the
harvest in former times involved traps and snares. The recent wars have
provided the populace with large quantities of guns, with a consequent rapid
diminution of wildlife in accessible places. Throughout northern Thailand,
for example, birds are conspicuously absent. Larger mammals have been
extirpated in much of the region, and often where they do remain they are
extremely shy and are rarely seen. The impact of the war has been par
ticularly great on the larger mammals. There is much sport hunting by the
well-armed military throughout the Basin, and in Vietnam, Cambodia and
Laos there are frequent instances of elephants and other game being shot
from aircraft. Larger mammals also provide a food source for troops of all
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sides. In northern Cambodia in 1964 the Forest Department personnel (who
are charged with protecting wildlife) were trying to protect the rare kouprey
and other animals in their northern reserves from ox-cart loads of soldiers
who had been sent out to shoot deer or wild cattle for food.
Although hunting is the major way in which wildlife is utilised in the
Basin, there is also long-standing, relatively small-scale game farming.
Throughout the Basin, but most intensively in Vietnam, rural peoples have
raised the several species of deer for the annual harvest of their antlers and
to some degree for meat (Van Hiep and Mo 1968, Tan 1968). The antlers
are used as medicine and they bring a high market price, and the meat
brings 30-60 per cent more on the local market than that of domestic cattle
(Tan 1968). Wildlife resources are being managed as a profitable source of
food and other animal products in a number of countries throughout the
world (Talbot 1966). With the need for protein which exists in the Mekong
Basin, the nature of the environment, and the types of wildlife available
and the present human use of them, there is both a great need and a great
potential for development and rational management of this resource for
human welfare (Payne 1968).
The beautiful and spectacular wildlife provides a potential tourist attrac
tion of great, and largely unrecognised, value. In the savanna country of
northern Cambodia wild ungulates and predators are unsurpassed, in variety
and in some cases numbers, anywhere in the world except parts of Africa.
Game viewing is relatively easy because much of the country is open
savanna.
National Parks and Tourism

Traditionally in the ‘development process’, national parks, like wildlife, are
afforded very low, if any, priority. There is increasing recognition, however,
that parks are a resource of great value to a country and which deserves
attention from the start. In all four countries national parks come under the
jurisdiction of a Department of Forestry although in Thailand the Depart
ment of Tourism is also involved. Even in the areas which are now disturbed
there is active concern with the development of plans for national park
development when peace and stability return. In Laos, for example, tech
nical assistance in park planning and wildlife was the first subject raised by
the Director General des Eaux et Forets in discussion with the Smithsonian
Institution team.
Development of tourism is a major long-term objective of the governments
in the Basin, and parks are recognised to be a part of this. So far little has
been done to encourage such tourism, except in a limited way within the
Khao Yai Park in Thailand. Flowever, the tourist authorities look at the
emphasis currently being given to the management and presentation of
wildlife for tourism in India and Africa. Ultimately each country will require
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a zoned park system with a series of components ranging from urban
recreation areas through the traditional national parks to areas totally
protected for scientific purposes (which include protection of threatened
species).
Scientific Reserves

Previous sections have emphasised the need for areas for base-line research
and for protection of biotic resources. Such protected reserves serve as
reference points by which changes elsewhere in the area can be assessed,
and which can provide invaluable information needed to increase or main
tain productivity for human welfare. Because of the very long and extensive
human occupation of the Basin, there are relatively few areas that can be
considered ‘virgin’. However, until recently much of this occupation was
extensive but not intensive; it affected a relatively small part of the environ
ment at any one time, and, for the most part, it did not unalterably change
the environment nor threaten the survival of most plant and animal species.
Now the situation is changing entirely and rapidly with the increasing
population pressure coupled with modern technology, and there is urgent
need to identify and protect adequate samples of the existing ecosystems.
Even though some of them may not be totally virgin, they provide base-line
areas where the ecological processes and the biotic components may be
protected and studied.
The very antiquity of human occupation in this area poses a further
need for reserves to protect archaeological sites. The human ecological
history in the area is of great significance not only culturally but also
ecologically. The research in north-east Thailand by Gorman mentioned
earlier, places plant domestication at around 7000 bc and totally alters
the previous beliefs about the origins of agriculture. From a standpoint of
human history and development, these discoveries are of immense signifi
cance. It would be inexcusable to lose these archaeological materials and
the opportunity to study them through the hasty construction of another
dam or irrigation project.
Consequently there is urgent need to survey the areas planned for such
developments, to identify the scientific resources—biotic and archaeological
—which require protection in reserves, and where such protection is not
possible, to study and as far as possible salvage them.
In summary, planning for the Mekong Basin development in some areas has
already progressed to, or is approaching, the action stage, with little or no
consideration of the biotic resources.
The emergency action needed in respect of existing projects includes
inventories of the flora and fauna; of environments of value as scientific
reserves, national parks, and for tourism; and of archaeological and other
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cultural sites. The results of these inventories should be considered and
incorporated in the development plans. Where important sites cannot be
preserved (e.g. owing to inundation) salvage measures should be imple
mented. Ecologists and archaeologists should, of course, be members of, or
consultants to, the planning, co-ordinating and decision-making bodies.
Comprehensive resource-capability surveys should also be made of areas
to be developed, based on considerations of all anticipated resource capabili
ties and demands—not only the traditional soil and agricultural ones—
following the modern pattern set by the Economic Land Capability
Classification of Malaysia (Panton 1968).
Appropriate ecological research and monitoring of environmental com
ponents should also be carried out, to help ensure that environmental
changes can be detected and where necessary appropriate remedial action
taken.
Research into the ecology of the larger forms of wildlife (e.g. deer and
wild cattle) is necessary, to ensure its availability both for tourism and as a
source of protein. The possibilities of domesticating the wild cattle, or
crossing them with domestic breeds, should be explored.
R E FE R EN C E S

Boonsong Lekagul 1968. Bird guide of Thailand. Ramin Press, Bangkok.
Gorman, C. F. 1969. Hoabinhian: a pebble-tool complex with early plant associations in
South-east Asia. Science 163: 621-3.
Panton, W. P. 1968. Land capability classification in the states of Malaya, Malaysia. In:
Conservation in tropical South East Asia (eds. Talbot, L. M. and Martha H.), IUCN, Morges.
Pantalu, R. V. and Bardach, J. 1970. Pa Mong II: Feasibility Study. US Bureau of Reclama
tion, Washington.
Payne, W. J. A. 1968. Development of animal husbandry resources in South East Asia. In:
Conservation in tropical South East Asia (eds. Talbot, L. M. and Martha H.), IUCN, Morges.
Ripley, S. D. 1964. The land and wildlife of tropical Asia. Life Nature Library, New York.
Schneider, C. R. 1971. The human schistosome of the Mekong River: guesswork and facts. Smith
sonian Inst., Washington.
Talbot, L. M. i960. A look at threatened species: wildlife threatened with extinction and other aspects
of conservation in the Middle East and southern Asia. IUCN, Morges.
--------- 1966. Wild animals as a source of food. US Department of Interior, Fish and Wildlife
Service, Special Scientific Report—Wildlife No. 98, Washington.
---------and Martha H. (eds.) 1968. Conservation in tropical South East Asia. IUCN, Morges.
Tan, Vu Kgoc 1968. Raising of deer, an attractive resource for developing countries in
South East Asia. In: Conservation in tropical South East Asia (eds. Talbot, L. M. and Martha
H.), IUCN, Morges.
Van Hiep, N. and N. Dinh Mo 1968. Raising deer in Vietnam. In: Conservation in tropical
South East Asia (eds. Talbot, L. M. and Martha H.), IUCN, Morges.

2Ö. Reconciling C onservation and
D evelopm ent in the C oastal
Z one

R. F. D A S M A N N

h i s chapter is directed at the problems of one of the most beleaguered
groups of ecosystems on this planet—those that form the interface between
land and ocean, and in consequence, often fall outside the interest or
control of agencies which have primarily either terrestrial or marine
concerns. It will be my purpose to explore some of the pressures and
conflicts within this coastal region, with particular reference to conditions in
North America, and to present the interest of the International Union for
Conservation of Nature (IUCN) in working to achieve rational use or
conservation of the resources of this region.
The title refers to the coastal zone. Since the definition of this area is not
clear, I will attempt to give some approximate boundaries. The coastal zone
includes the estuarine region. Estuaries have a generally accepted definition
as a semi-enclosed water body having free connection with the open sea,
within which sea water is measurably diluted with fresh water drained from
the land. I am primarily concerned with the intertidal region of the shore
and the subtidal region out to the depth that corals grow—perhaps 60
metres maximum. Beyond that the coastal zone can be extended to the
limits of the continental shelf, or its island equivalent, to a depth of
approximately 200 metres. On the landward side it is equally difficult to
find boundaries. Activities along the entire coastal slope of continents, or
anywhere in the watersheds of the streams that drain into the oceans, have
their effects upon coastal waters. However, it is the activities on the
immediate fringe of the sea that are having most noticeable effects, and it
is this region with which we shall be mostly concerned here.

T

BACKGROUND

I he concentration of interest on the environment over the past decade
has led to the development of major international programs for both the
oceans and the terrestrial areas of the earth. Care for the lands is almost
entirely a national concern; care for the oceans is increasingly being
considered an international one. In between the two is the coastal zone,
285
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a region of major importance to mankind, but one which too often falls
between jurisdictions and between disciplines.
Much attention has been given to the necessity of creating an international
body either within or outside the United Nations that would have jurisdiction
over the uses and resources of the sea (Borgese 1968). In virtually all
discussions, however, and in international practice, it is recognised that the
area within 3-12 miles (approximately 5-20 kilometres) of the shore lies
within the territorial control of the coastal states. It is further recognised
that the coastal states have special rights to the resources of the continental
shelf, if not to resources of the waters above, either out to its actual limit
or, in some interpretations, to a depth of 200 metres. The resources of the
continental slope fall into a more doubtful category. Only the abyssal floor
and the oceanic ridges, where these do not become islands (and the waters
above) are generally accepted as being entirely in international jurisdiction—
but whether this represents ‘no man’s land’ or ‘common ground’ remains to
be decided. Even this is disputed in the claim of some Latin American
countries of territorial control of waters and ocean floor for a distance of
320 kilometres or more offshore.
The proposal advanced by the government of the United States in
mid-1970 would extend control of the coastal states over the continental
shelf to a depth of 200 metres, and would recognise international jurisdiction
over all deeper lying areas, while reserving special rights to the coastal state
in exploiting the resources of the remainder of its adjacent continental
shelf and slope. The irony of this and most other proposals is that they
reserve to the coastal states the lion’s share of the resources of the ocean
floor and recognise full international jurisdiction over only that region of
the ocean which has been compared in overall productivity to a terrestrial
desert, and which possesses mineral resources of very limited extent or value.
Most commercially valuable mineral deposits, manganese nodules and
dissolved salts excepted, lie within continental rocks. All fuel resources lie in
continental strata. The productivity of open ocean waters depends to a large
degree on the continued functioning of the coastal zone. Thus, the generosity
of coastal states in ceding jurisdiction over the high seas to an international
regime is questionable.
According to Ray (1970) the continental shelves, excluding the slopes of
the world, cover 26 million sq.km., almost the equivalent of Australia,
Canada, and the United States combined, or Australia plus the Soviet
Union. This submerged area is 20 per cent of the land on earth. Some 80
per cent of the sea floor is associated with oceanic basins outside the
continental blocks. Of this, 40 per cent is occupied by oceanic rises and ridges,
but only 3 per cent of the sea floor is covered by oceanic islands or banks
(Schaefer 1970).
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IMPORTANCE OF TH E COASTAL ZONE

The importance of estuarine and coastal areas to the overall productivity
of the oceans and to the fisheries of the world is high. Odum (1962), report
ing on the role of tidal marshes in estuarine production, has pointed out
that the marshes in the state of Georgia yield a gross primary productivity
of 2,500 g./sq.m./year and a net primary production of 2,000 g./sq.m./
year, or 8,000 kilocalories/sq.m./year. By contrast he points out that the
highest yields of wheat or corn, including roots and stems, are 1,400 g./sq.m.
The gross productivity of the continental shelf is calculated at an average
of 300 g./sq.m./year; that of the open oceans at 100 g./sq.m./year or less.
Many of the commercially important species of fish are directly dependent
upon the coastal region for all or part of their life cycle. Included in this
are the salmon, sea-run trout, striped bass, and other anadramous species.
Most commercially important molluscs and crustaceans live in, or are
dependent upon, the estuarine region and the coastal zone. Idyll, Tabb and
Yokel (1968) have shown the dependence of the Gulf of Mexico pink
shrimp fishery on the mangrove swamps of the south Florida Gulf coast.
The studies by Odum (1968) and Heald (1969) have emphasised the
importance of the red mangrove (Rhizophora) in maintaining the produc
tivity of the tropical Floridian estuarine zone. Thus, it could be said that a
multimillion dollar fishery is dependent on what may have been considered
earlier as ‘worthless’ mangrove swamps.
In the United States, of the six leading commercial fisheries in 1967,
five were, in whole or part, dependent on the estuarine area or coastal zone
for their survival. The value of the catch in 1967 of these five groups—
shrimp, salmon, crab, lobster and clam—was $222 million (USDI 1970).
Chapman (1970) has reported on the world catch of ocean fisheries (fish
and shellfish, excluding whales), which has increased from 1.5-2.0 million
tons in 1850 to 64 million tons in 1968. In 1968 the annual yield of ocean
fisheries was worth $10,000 million a year, more than twice the value of all
minerals and fuels obtained from the sea bed. He emphasised that this
resource had been increasing in value at an average of 7 per cent per year,
and was mostly in the hands of several million small entrepreneurs, of whom
most lived in developing countries.
In 1968 mineral production from the continental shelf amounted to 6 per
cent of the world’s total, but 84 per cent of this was oil and gas (Ray 1971).
The offshore yield of oil and gas was 17 per cent of the world’s total and
was expected to rise to 33 per cent by 1977 (Schaefer 1970).
PRESSURES ON TH E COASTAL ZONE

Boote (1967) has pointed out that, until the nineteenth century, only
limited areas of the world’s coastlines were utilised. A few areas supported
fishing, seaports and naval bases. There were a few coastal resorts for the
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wealthy classes. For most people water, either salt or fresh, was not a
popular setting for recreation. It was only after World War I that the
spread of suburbs out along the shore, following rail lines from sea coast to
cities, became important and that a major interest was taken in seaside
recreation. Following World War II, however, human occupancy of the
seashore, either permanent or seasonal, became a major factor in Europe,
Australia, North America, and in some other countries. Suburban sprawl
was facilitated by the widespread availability of motorcars.
Niering (1970) and Ginsburg (1970) have separately estimated that the
majority of the world’s population now lives within 320 kilometres of the
sea. The great fluvial lowlands of eastern and South-east Asia contain 80
per cent of the population. Sixty per cent of the United States population
lives in a band 400 kilometres wide along the Atlantic, Pacific, and Gulf
coasts. The march to the sea seems to be accelerating. It is most evident
along the coasts of the technologically advanced nations, but the influence
of these countries extends far afield, and the development of coastal resorts,
summer homes, and permanent coastal residences is accelerating in many of
the developing countries. The islands of the West Indies and many Pacific
Islands are now increasingly dominated by a shore-based tourist economy.
The pressure on coastal lands is now both enormous and increasing. The
water’s edge is deemed highly desirable, or essential, for power plants, a
variety of industries, and all of the activities related to water transportation.
It is increasingly sought after for individual home sites, both primary and
secondary, for hotels, motels and high-rise apartment buildings. The demand
for coastal-based recreation leads to the development of boat marinas,
coastal resorts, and a variety of enterprises related to boating, swimming,
fishing and skin diving. The estuarine region and coastal zone are the
recipients of great quantities of biocides, heavy metals, petroleum wastes
and spills, warm water from power plants, industrial wastes, urban and
other residential sewage, and solid wastes of every sort. Much productive
marsh, swamp and submerged land is dredged or filled in each year to
create new home sites or industrial-commercial property. Road construction
and other transportation developments along the coasts, including navigable
waterways through shallow estuarine regions, place further pressure on
this region.
It is estimated by Niering (1970) that in the United States two-thirds
of all factories producing pesticides, two-thirds of those producing organic
chemicals, 60 per cent of those producing inorganic chemicals, 50 per cent
of the oil refineries and two-thirds of all pulp mills are located in coastal
states.
On the landward side of the coastal edge the situation is most critical,
and it is from here that the most serious threats to the coastal zone derive.
Thus, in the Pacific states of the United States, California has 2,047 kilo-
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metres of shoreline suited for public recreation. Of this, in 1962, only 400
kilometres were publicly owned, and on 160 kilometres of this, public use
was restricted, whereas 1,646 kilometres were in private ownership. Oregon
and Washington, with 3,060 kilometres of shoreline suitable for recreation
had only 278 kilometres in public ownership, with public use restricted on
43 kilometres. Of the 155,000 hectares of coastal habitat in California
considered important for wildlife production, two-thirds or 103,000 hectares
have already been lost (USDI 1971).
For the United States as a whole, there are 160,000 kilometres of coastline
of which 95,000 kilometres are in the forty-eight contiguous states. Of this
latter, approximately 35,000 kilometres are considered suitable for recreation,
but only 1,900 kilometres are publicly owned and open to public use (USDI
Land-use conflicts are not the exception in coastal areas of the United
States, but are becoming the rule as competing demands for waterfront
sites accelerate. Much of the difficulty results from lack of adequate planning
or legal means for controlling coastal zone development. This in turn
reflects in part the great variety of separate and conflicting government
jurisdictions in the coastal zone. Thus, in the coastal states of the USA, the
area from mean high water out to the three mile (4.8 kilometres) limit is
considered as under state jurisdiction. Beyond this limit federal control
begins, but it -^Iso extends inward where questions of navigation are con
cerned, and the development or maintenance of navigable waterways has
been a function of the US Army Corps of Engineers.
Within the states, however, control of land use and development is not
centralised but in the hands of counties or municipalities. In California, for
example, there are at least twenty counties with jurisdiction over shorelines
or estuaries, and within these a greater number of incorporated municipali
ties with varying degrees of land-use authority and control. In addition, there
are a variety of regional and sub-regional entities with varying degrees of
jurisdiction. In virtually all of these governmental units there are a variety
of agencies specialised in their jurisdiction, expertise, and interests that
often compete for land use—the competition between highway departments
and state park agencies provides an example. It is the general rule that no
agency is responsible for, or has control over, the total environment.
Co-ordination and control over conflicting agencies is in the hands of
politically appointed administrators or elected legislators who are seldom
experts in environmental matters.
Steers (1970) has reported to the Council of Europe on problems of
conservation of the coastal areas of Europe that closely resemble those of
the United States. The planning for coastal development is often in the
hands of local councils or municipalities. Even where the national govern
ment takes a hand as with the Amenagement du territoire in France,
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inadequate protection is given to the environment, and conservation of
nature is often largely ignored. He stresses the need for overall state
planning with due consideration of the widest range of demands upon the
coast, including tourism and conservation, and points out that local
government can rarely resist the strong economic pressures brought to bear
in coastal development.
RESOLVING CONFLICTS BETWEEN CONSERVATION AND DEVELOPMENT

Boote (1967) has called for planning which takes a synoptic view of the
coast as a whole; eliminates all development which can be accommodated
as well inland, unless its long-term importance is high; concentrates develop
ment in local areas to spare those areas with greater value as open space;
treats the coast as a resource zone with planning and development in depth;
and arranges for clearance of certain already developed sites and enhance
ment of others.
In the United States considerable energy has been expended in an effort
to reconcile conservation and development. The Conservation Foundation,
for example, has sponsored a number of studies aimed at such a reconcilia
tion in coastal regions. One of these, at Rookery Bay in south-west Florida,
involved the preparation of a plan for development which would enhance
the property values of landowners, provide adequate protection against
pollution and major changes in water flow for an aquatic-estuarine sanc
tuary, and give protection to other areas of high natural value (Conservation
Foundation 1968). The plan has been well received but lacks implementa
tion because of the inability of the many small landowners to agree on
development, and the inadequacies of regulations intended to protect the
coastal environment. On the other hand, the plan has received attention
from major developers in other areas, and has had effects outside of the
region for which it was intended. On reviewing the reasons for lack of
success, it is found that inadequate control by government over environ
mental use is paramount. The absence of any agency with a direct responsi
bility for the environment as such is also involved. Although many laws
controlling pollution and development are in existence, in effect they
operate only poorly.
Applying ecological and resource-capability planning to the coastal zone,
I believe the first necessity, from an ecological viewpoint, is to have a
highly qualified team of biologists and oceanographers survey the coastal
resources and decide what areas need most to receive full protection from
damaging forms of development. These will include areas to be designated
as scientific reserves (strict nature reserves) in which no form of use other
than carefully controlled scientific research is to be permitted; areas to be
designated as special reserves to protect particular resources, but in which
forms of use not damaging to these resources will be permitted; and areas
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for national parks or their equivalent in which certain forms of public
recreational use are encouraged.
It should be stressed that once such areas are established and protected,
much of the basis for the head-on collisions between conservation and
development will be removed. Without such provisions, however, it will be
impossible to avoid the prolonged, emotionally embittered legal battles such
as those that have occurred in relation to the plan to build a military
installation on Aldabra, or those that continue in relation to proposals to
develop the mineral resources of the Queensland coast, or to mine the
phosphates on various Pacific islands, or the many conflicts that have
attended proposals for development of the coasts of California or southern
Florida in the United States.
For areas of the coast other than those with high value for conservation,
development and exploitation may be permitted. It will remain always
essential, however, that these activities proceed under strict supervision
and control so that use of resources does not imply environmental damage.
Control of pollution is, of course, of major consequence and perhaps in
most areas of first importance. The damage to coastal and marine life from
pollutants originating on the land is now achieving proportions that could
foretell a global catastrophe. We see a situation where concentrations of
biocides, heavy metals, and other toxic pollutants in marine life are reaching
levels that endanger the survival of species and threaten to destroy the
livelihood of those dependent upon the exploitation of marine fisheries.
There is little doubt that the control of pollution will be the most expensive
item in the total cost of reconciling conservation and development. On the
positive side, it may be noted that many forms of coastal development now
considered highly undesirable from an environmental point of view would
be acceptable if their pollution output were to be controlled. In this category
we find, for example, thermonuclear and other types of power plants as well
as a variety of industrial establishments. Apart from aesthetic conflicts and
conflicts with other forms of land use, the principal objection to such uses
of coastal lands has been based on their polluting effects on the coastal
environment.
MEASURES TO PROTECT TH E COASTAL ENVIRONMENT---UNITED STATES EXAMPLES

Efforts to allow the development of coastal areas while providing the
necessary environmental safeguards have led to a great variety of laws and
regulations in the United States. I refer here, particularly, to the state of
Florida which has much in common, environmentally, with countries of the
tropical Pacific (Whyte 1968, Vines 1969, Dasmann 1971). Florida, as well
as other American states, received title to the submerged lands within its
boundaries at the time when it achieved statehood. These Florida lands were
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placed under the control of the Trustees of the Internal Improvement Trust
Fund, which meant essentially under the control of the governor of the
state and his cabinet. They were to be used or disposed of for the benefit of
the people of the state. Unfortunately, this benefit was viewed as one best
achieved by disposal of the lands to encourage development and to enrich
the state’s treasury. In consequence, a high percentage of the submerged
lands along the Florida coast passed into private ownership with the owner
of the shore property usually having the opportunity to take title over the
adjacent submerged lands. With no restrictions on its use, this land could be
dredged, filled in, or otherwise used as the landowner saw fit. Fortunately,
however, the legal basis for some control did exist.
Although the federal government ceded title over submerged lands to the
states it retained control of the water. Its power to protect the needs of
national defence and commerce permitted it to regulate its use. Activities
considered detrimental to defence or navigation could be forbidden. There
fore, in 1899 a Navigation Act was passed which required that a permit be
obtained from the Army Corps of Engineers before any dredging, filling, or
other modification affecting navigable waters could be undertaken. Initially
this law concerned only the protection of navigation. However, in 1958,
another act, the Fish and Wildlife Co-ordination Act, became law and
provided authority for the federal government to protect fish and wildlife
resources in coastal waters. This Act was difficult to put into effect, with
the result that in 1967 an agreement was reached between the Secretaries
of the Army and of Interior under which the Army Corps of Engineers
would not issue a permit until the Department of Interior had the oppor
tunity to review and make recommendations regarding the protection of the
fish and wildlife resources of the area to be affected. This agreement led in
1968 to a denial of a dredging-filling permit to a group of Florida developers
in Boca Ciega Bay on the grounds that their proposed development would do
serious damage to marine resources. The case was contested in the courts
with the result that the right of the Corps of Engineers to consider
environmental values in the issuance of their permits was finally upheld.
Suffice to say that this Act and agreement have already served to protect
highly valuable coastal and marine resources from activities that would
otherwise have been severely detrimental.
The state of Florida began an active role in coastal and estuarine
conservation with the passage of a Bulkhead Act in 1957. This provided
for the first time that sales of submerged land, the dredging and filling of
such land, or other modifications of it could only be carried out when in
harmony with the public interest. Responsibility for determining this interest
was shared by state and local authorities. Local government was given the
responsibility for fixing bulkhead lines beyond which dredging and filling
could not be carried out. These bulkhead lines, submerged land sales, and all
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dredge-and-fill permits required review and approval by the State Board of
Conservation. This law was more formidable on paper than in practice,
however, and in consequence in 1967 a further law was passed requiring
that biological and ecological studies be carried out whenever modifications
of submerged land were proposed, and that the results of these studies be
provided to state and local authorities before permits could be issued. This
ruling along with the 1967 agreement between the Corps of Engineers and
the Department of Interior did put the brakes on much submerged land
development. A further strengthening occurred in 1970 when a law was
passed requiring that future bulkhead lines must be established no further
seaward than the mean high tide line. This finally provided protection for
most remaining mangrove swamps, tidal marshes and intertidal life. How
ever, the need for such a long and arduous legislative effort to prevent
people doing things they should not have proposed to do in the first place
suggests the formerly low level of environmental understanding prevailing
among the general public and its governmental representatives.
The efforts to protect submerged lands from dredging and filling have
placed extreme pressure upon lands above the mean high tide line or what
ever bulkhead line has been legally constituted. These lands are also vital
to the protection of the estuarine and coastal region and the means for
controlling their use are of great importance. A variety of devices are
available to government ranging from zoning to taxation or to land purchase.
None of them is entirely satisfactory, but in combination they represent a
formidable array of weapons available to those who wish to control land use.
Zoning is a means by which governments can control land use largely
through the restriction of use to certain activities deemed desirable, e.g.
single-family residential zones, commercial zones, etc. In most states zoning
authority has been delegated to local governments, which also have the
power to levy taxes upon land directly. Theoretically it would be possible
for local authorities to prevent misuse of coastal lands by zoning them as
open space and preventing their development for residential, industrial, or
commercial purposes, or allowing only certain approved forms of develop
ment. In practice such zoning might well be contested successfully in the
courts as some form of abrogation of the rights of the property owner. To
make it effective the local government would need to produce overwhelming
evidence that the proposed forms of development were truly harmful to the
environment and the public interest, and most local governments have
lacked the ability to produce such evidence and the will to do so. In practice
zoning is effective so long as development values are low. When values go up
and zoning is most badly needed, zoning rules seldom hold up against the
pressures brought to bear on them. Local governments profit from develop
ment and are usually disinclined to prevent it under any circumstances
where it will widen the tax base that supports local government and its
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enterprises. In the hope of making zoning more effective, some states (e.g.
Hawaii) have reclaimed the zoning authority and now carry out state-wide
zoning. In theory state governments are more removed from the effects of
local development pressure. A prerequisite for effective zoning is adequate
surveying of environmental values.
Taxation is a potent but little used tool for the control of land use. In
the United States certain taxing powers may be exercised by the Federal
government, others are reserved for state and local governments. Most
powerful of the Federal taxes is the income tax. This could be used to put
the brakes on land speculation and the inflation of land values that leads to
the misuse of coastal lands. It would be necessary to tax profit from land
sales at the same rates as earned income. At present such income is taxed as
‘capital gains’ at a much lower rate than earned income, so that investment
in land and land speculation is in fact rewarded. Any attempt to carry out
such a tax reform would, of course, meet with very powerful political
opposition.
Local property taxes currently tend to reward those who favour growth
and development. Land is most often taxed according to the value it would
have if developed for its most financially profitable use. This makes it very
costly for a farmer to keep farming in an area undergoing sub-division
development or for a landowner to hold his land as open space or as a
natural area. Taxing in accordance with existing use rather than potential
use could favour continuance of low-intensity land uses. It would be further
possible to scale taxation according to the deviation from the use deemed
most desirable for a particular area of land. To the extent that a landowner
deviated from the most desirable use, from a public viewpoint, he would be
taxed at a higher rate. Such a system could be effective if local governments
were sufficiently concerned with environmental values and willing to support
the studies needed to justify such a taxation scheme. Generally speaking they
are not and taxation acts as a brake on land misuse only when land and
development values are relatively low.
The direct purchase by government of privately owned land represents
the least controversial, most effective, but unfortunately most expensive,
means for controlling its use. The expense goes up when the need is greatest,
at times when the development value of land is escalating. The costs can
be held down if government is able to condemn land through exercise of
its right of eminent domain. Unfortunately this has rarely been done for
the purpose of protecting the environment.
An alternative to outright purchase of land has been the purchase of a
‘conservation easement’. This means that the government purchases the
right to develop land for commercial or residential uses, or purchases certain
rights that prevent unwanted kinds of development. The landowner may
continue to use his land in other ways not covered by the easement. This
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works very well so long as the landowner has no interest in carrying out
the kind of development over which the government wishes to exercise
control. Where the needs are greatest and development pressures most
extreme the cost of a conservation easement may be virtually the same as
the cost of outright purchase of the land.
A potentially effective means for controlling land use that is still little
used, because the machinery for its operation has not been well established,
is the purchase-and-lease-back system of land-use control. This involves
purchase of the land by the government followed by leasing back certain
rights to the use of the land which are not considered to be detrimental.
Since the cost of the lease may be quite high it can help to offset the cost
of land purchase.
It can be seen that there are a variety of means available in the United
States by which land use can be controlled and the environmental values
of coastal lands protected. What is required is the existence of a govern
mental agency with the necessary power and flexibility to employ these
various devices, and the determination to use them to assure that the benefits
to be derived from the coastal zone are attained without the costs of environ
mental damage. Unfortunately, such agencies have not been common.
Although government can control land use by one device or another there
is, deriving from this ability, a second question: who will control the
controller? One of the agencies contributing to misuse of coastal lands and
resources has been government itself and in particular some of its agencies
which have a long-standing interest in development. Government agencies
have drained the swamps and marshes that other government agencies seek
to defend. Government agencies have engaged in dredging and filling
projects that have destroyed considerable areas of the coastal environment.
This problem has been intractable in the United States up to the time when
the National Environmental Protection Act was passed in 1969. This Act
gave authority to establish the Council on Environmental Quality which
has since served as a watchdog over the activities of Federal agencies.
Although it is too early fully to evaluate its effectiveness, it has had consider
able success in preventing some environmental outrages by government
agencies. The need for a similar watchdog agency at state and local levels
is apparent.
An area of particular concern for the future will be the land and water
beyond the limits of generally recognised national authority. The dangers
of over-exploitation of coastal fisheries hardly need be stressed here. At the
present time these can only be regulated through international treaties or
other agreements that are commonly quite difficult to enforce. Commercial
fishing is poorly regulated even in most national waters. The hope for
effective regulation in international waters is not great, even though there
are some successful examples of international control over fisheries exploita-
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tion. The exploitation of the fuel and mineral resources of continental shelves
holds great danger for the environmental values of these areas unless it can
be properly regulated, as some of the recent oil catastrophes illustrate. There
is little doubt that such exploitation will be accelerated in the near future,
and the means for regulating it both nationally and internationally must be
devised.
ROLE OF IUCN IN THE COASTAL ZONE

There has been considerable discussion by IUCN representatives on the
role that should be played by an international quasi-governmental organisa
tion in attempting to achieve better management and conservation of coastal
resources. The objective that has been spelled out for a project series
entitled Ecology and Conservation of Estuarine Regions and the Coastal
Zone, prepared in September 1970, is to determine means for guaranteeing
the continued health and functioning of coastal zone ecosystems through
appropriate planning, management and conservation for coastal environ
ments. The scope of the action program to achieve this objective, which
IUCN might undertake as part of its contribution to UNESCO’s Man and
the Biosphere program, includes the definition of areas requiring protection in
both terrestrial and aquatic environments; investigation of the status of plant
and animal species of the coastal zone, including their conservation and
management; determination of the structure and function of representative
coastal ecosystems and of the effects of existing and proposed development
projects. IUCN is currently seeking funds to undertake these investigations,
some of which have already been initiated by the secretariat itself.
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27. Conservation Problems of Coastal
Sand and Open-Cast Mining

J. E. C O A L D R A K E

I n Australia the problems of conservation with regard to open-cast mining
fall into two broad categories. There is the problem of the allocation of land
to mining, and the problem of the confrontation of the mining industry with
increasing demands for improved standards of rehabilitation. These problems
are not eased by the fact that open-cast mining for certain minerals in
Australia is expanding rapidly.
Phillips (1971) stated that ‘At present only 0.4% of Australia’s land
surface is subject to mining leases . . . It is estimated that only 0.02% of
the total land surface is subject to disturbance by mining. This is less than
1.0% of the area occupied by roads in Australia.’ Brodie-Hall (1970)
estimated that in the state of Western Australia 44 per cent of the total
area of the state is held as rural areas. All of this can be taken as causing
some degree of disturbance to the natural ecosystems. Within it 5.3 per cent
of the total area of the state is used for crop or sown pasture involving
complete removal of the natural vegetation. At present less than 1 per cent
of the total area of the state is held in mining leases, or claims that are
known to be productive. For New South Wales it has been calculated that
mining leases in force at the end of 1969 covered 0.84 per cent of the total
surface area of the state (Australian Mining Industry Council 1970). About
two-thirds of the leases were for coal mining, mostly for shaft mining. Similar
figures for the other states of Australia do not seem to have been published,
but these figures may be taken as indicative for most of Australia. The
percentage of the total mining area involved in open-cast mining is not
readily available, but here it is sufficient to know that it is less than the total.
The area involved in open-cast mining is thus small compared with
that used for agriculture and less than that used for roads but the scarring
of landscape is often more striking. Again, even if plant cover is re
established the topography of mined land may militate against its use for
other purposes unless the miner has been required to include some measure
of levelling in his rehabilitation. The location of economic deposits of
mineral may lead to direct conflict between mining and other elements of
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the community which want the land for preservation, for recreation, or for
some form of permanent development. These may be described as the
social conflicts over land use and are discussed below under this heading.
The technological problems of rehabilitation are readily emphasised by
drawing contrasts with agriculture, in this context agriculture being taken to
include crops, pastures, and plantation forestry. The agriculturalist chooses
his land with some care for its ability to grow crops or pasture or trees; the
miner must work where economic deposits occur. The agriculturalist works
on a normal soil profile with a few plants that have been carefully selected
or bred for his use. The miner commonly has to rehabilitate on sub-surface
or otherwise seriously disturbed material. If he is rehabilitating with native
vegetation he has to work with a large number of plants selected for
conditions no longer prevailing, and about which the name is often the
only thing known. The miner is much more likely to encounter toxicity or
deficiency of mineral elements than the agriculturalist.
In the last five years the Australian community has begun a heartening
change of attitude towards the social conflicts and technological problems
outlined above. It is no longer accepted automatically that the presence of
economic mineral deposits establishes the need to have them mined in
preference to other possible roles for the land. The mining industry is
increasingly subjected to pressures for improved standards of rehabilitation,
and management policies are changing to meet these pressures. It is within
this framework of changing attitudes and performance on both sides of a
conflict that this chapter has been written.
HISTORICAL AND GEOGRAPHICAL BACKGROUND

Summarising from Hooper and Black (1953) it seems that sustained
operation of open-cast mining in Australia commenced in 1894-5 at Mt
Lyell in Tasmania (copper) and at Yallourn in Victoria (brown coal)
(Figure 39). Expansion has been episodic with some of the more notable
increases being: in the 1920s, Yallourn and Iron Knob (iron ore, South
Australia) ; in the 1940s, Hunter Valley (black coal, New South Wales) ; in
the 1950s, Yampi Sound (iron ore, Western Australia), and NewcastleNoosa (heavy minerals, central east coast) ; in the 1960s, Weipa, Queens
land and Darling Ranges, Western Australia (bauxite), Bowen Basin (black
coal, central Queensland); and in the 1970s, Gove (bauxite, Northern
Territory), Pilbara (iron ore, Western Australia).
The first account of extensive rehabilitation after open-cast mining in
Australia appears to be that of McGeorge (1943). He described a gold
dredging operation in the Loddon Valley of Victoria which commenced in
1938 and which involved replacement of topsoil and replanting to pasture
of 195 hectares of farmland. Conditions of the lease included stripping of
the topsoil to a depth of up to 2 metres and its immediate replacement
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(w ith o u t passage th ro u g h any w e t process) on tailings. T h e area had to be
levelled and replanted to grass. M cG eorge described the re h a b ilita tio n
conditions in the lease as being ‘m ore s tric t th a n any previously imposed on
a d redging u n d e rta kin g e ith e r in V ic to ria o r elsewhere to the w r ite r ’s
know ledge’, b u t said they allow ed ‘h ig h ly p ro fita b le operations’ . H e quoted
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Open-cast Mining in Australia.

costs fo r grading and le ve llin g o f $314.00 per hectare, and o f $51.00 per
hectare fo r c u ltiv a tio n and seeding to give a to ta l cost o f $355.00 per
hectare, the figures being converted fro m M cG eorge’s o rig in a l figures on a
basis of tw o dollars fo r one pound.
W oodcock (1965) listed the fo llo w in g m aterials as being then m in e d by
open-cast methods in A u s tra lia : asbestos, bauxite, copper, iro n , gold, ru tile zircon-ilm enite, pyrite, tin , tungsten, u ra n iu m . T o his list should be added
coal, limestone, gypsum, dolom ite, magnesite and silica. B auxite, iro n and
rutile -zirco n -ilm e n ite invo lve the m ost extensive disturbance o f landscape in
A ustralia at present. T h e m a jo r areas o f open-cast m in in g fo r these are
m arked on F igure 39.
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SOCIAL CONFLICTS

There are three major sources of social conflict over the allocation of land
to open-cast mining in Australia.
1 Many of the important deposits are at or close to the coast in areas
of relatively dense population.
2 Some mineral deposits are in areas keenly sought either for preservation
for ecological reasons, for reservation for recreation, or for other forms of
land use.
3 The current mining acts generally promote preference to mining over
other forms of land use.
In Australia today 77 per cent of the total population live within 40
kilometres of the sea (Australia Commonwealth Bureau of Census and
Statistics 1970). Most of the remainder are not far inland. In this narrow
coastal belt between Wollongong and Rockhampton we have 37 per cent
of the present total. This puts one-third of the total population on onetwelfth of the coastline. Another centre of dense population is based on
Perth; in the south-west of the state 86 per cent of the population live in
less than 10 per cent of the state (Brodie-Hall 1971).
Figure 39 shows that some of the currently extensive operations of open
cast mining are at or close to the coast in the regions of densest population.
Clashes over land use are almost inevitable when coastal sand or bauxite
mining are involved, as shown below, for Western Australia. In other areas
such as the bauxite deposits at Weipa and Gove and the iron ore deposits
of the Pilbara region, pressure of European population is non-existent and
mining at these centres has not led to the kind of problem found in the
southern half of the continent. There is, however, an interesting parallel
with regard to population distribution of aboriginal and European peoples.
The aborigines also were densest near the coast so that both at Gove and at
Weipa the land was still occupied by aborigines when mining leases were
sought. Payment of compensation has not diverted disquiet over ownership;
in the case of Gove there has been litigation that may not be finished yet.
Since open-cast mining automatically involves total destruction of the
natural vegetation it is quite incompatible with complete preservation of
virgin land in national parks and scientific reserves. Land that is required
for these purposes has to be excluded from mining. This leads to the need
for proper regional planning backed by adequate legislation to ensure
protection in perpetuity. Australians are only just beginning to think in
such terms. The problems and the corrective measures needed have been
described by Downes (1971).
A second and separate problem arises with mineral-bearing land that is
sought for other uses beside mining. The two cogent questions here are:
whether the miner can leave the land in a condition suitable for other later
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uses such as recreation, forestry, watershed, urban or resort development,
etc.; and if not, whether the immediate economic return from mining
produces benefits to society that justify giving the miner preference. In the
case studies discussed below it will be shown that in some cases the miner
is already able to leave the land ready for immediate use by others but it may
not be suitable for return to its original use. This is an aspect where long
term regional planning is needed to decide whether the original form of
land use should be conserved in the face of greater immediate return from
mining.
Under the Australian federal constitution the responsibility for allocation
of land rests with the state legislatures, except for the Northern Territory.
At present it is the state mining acts which govern almost entirely the
dedication of land to mining.
There is a growing feeling in Australia that the state mining laws need
revising to integrate them with planning legislation so that mining, along
with other forms of land use, can be deliberately assessed as a part of the
rational use of all resources (Downes 1971, Phillips 1971, Wilcox 1971).
Such revision is now beginning; Victoria, for example, has recently enacted
legislation that prevents further alienation of crown land for any purpose
until the matter has been assessed by a land-use commission which has the
power to initiate land-use studies.
This general discussion of the social background to the use of land for
open-cast mining points up the need for a sequence in decision-making
that is still generally lacking in Australia. Firstly, there should be the
decision as to whether the natural ecosystem of a mineral bearing area
should be preserved as part of a national design for preservation of adequate
samples of Australian ecosystems. If land is not required for this purpose
it should then be assessed for allocation to one of the forms of land use
possible. This decision should include the possibility that mining may precede
another (and long-term) form of land use. The miner’s ability to rehabili
tate is involved here.
These general problems will now be considered in relation to the factual
background of four areas of large-scale open-cast mining in Australia.
They have been selected partly because they relate to the author’s personal
experience, partly because they involve different aspects of the general prob
lems already introduced.
CASE ST U D IE S

Coastal Sand Alining

Figure 39 shows that the most crowded part of Australia is that where
geological history has placed the largest deposits of the rutile-zircon-ilmenite
sought by the coastal sand mining industry. With its mild sub-tropical
climate and scenically beautiful coastline this stretch of coast is also keenly
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sought for recreation. Substantial supplies of water in a continent that is
essentially arid will also attract general industry to this zone at an increasing
rate. This attraction is accentuated by the proximity of industrial energy in
the coalfields of the Hunter Valley and the Bowen Coal Basin. Additional
energy will be readily available in the future owing to the relative ease of
piping natural gas across the predominantly gentle terrain from the inland
gas fields. Factors such as these lead to increasing pressure for coastal land
in the Wollongong-Rockhampton region.
Coaldrake (1972) listed twelve forms of land use, each of which is now
competing strongly for land in this region. These include national parks
and scientific reserves. The need for these relates partly to the presence of
massive coastal sand dunes that are piled commonly to heights of 200
metres with peaks reaching to 250-300 metres (Whitehouse 1963). These
dunes are built from successive piling of siliceous sand and their history
possibly embraces much of the Pleistocene (Coaldrake 1962, Thom 1965).
In places they carry dense sub-tropical rainforest and eucalypt forest (Coal
drake 1961). Lower sand dunes along the coast carry extensive heaths rich
in typical Australian sclerophyllous shrubs from families such as Myrtaceae,
Leguminosae, Epacridaceae and Proteaceae. There are often oligotrophic
and fen peats in lower areas, while in some places freshwater lakes up to
200 hectares in area are perched on impervious organic layers at heights of
up to 160 metres above sea level.
Such country has obvious attractions for recreation when it abuts wide
sandy beaches that stretch unbroken for up to 110 kilometres. It is also of
outstanding ecological importance since it offers the chance of following
the evolution of ecosystems from bare sand through to complex communities
of forest and heath; it has obvious uses for certain educational purposes.
In this belt of coastal sand dunes the heavy minerals, chiefly rutile
(TiCK), zircon (ZrSi0 4) and ilmenite (FeTiO.,) have been concentrated
by water and wind-sorting at past and present beaches between Newcastle
and Rockhampton. In places they have also been concentrated in lenses on
the high sand dunes. The combination of increasing prices and improved
methods of extraction now enables the working of deposits with concentra
tions as low as 0.5 per cent heavy mineral. Open-cast mining for these heavy
minerals does not have to involve severe reduction of land form, but it
inevitably means total removal of the original vegetation.
The sand mining industry in this region seems to have a further life of
about twenty years from currently known reserves so that it is not likely
to be involved in the major clashes over conflicting land use that will be
generated by increasing population in twenty to thirty years time. It is,
however, deeply involved in present clashes over preservation of adequate
areas of coastal sand dune in the Newcastle-Rockhampton region.
With existing mining laws these clashes commonly proceed to hearings in
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mining courts under formal legal procedures, where ecological reality is
necessarily subjugated to legal technicality as a hearing proceeds. Neverthe
less the recommendation from such hearings is subject under the mining
laws to political confirmation or alteration. An alternative solution was
sought by the state government of New South Wales with an investigation
by a committee representing a wide range of the parties involved in conflict
over coastal land use (NSW Committee of Enquiry 1968). The recommenda
tions of this committee have (almost inevitably) been contested in many
matters.
In sand mining, vegetation is first bulldozed and topsoil to a depth of
15-30 centimetres is removed and stockpiled. On low dune areas (up to
about 15 metres above sea level) the sand is worked to a depth close to
sea level by a dredge in a moving pond (wet mining). On higher dunes
(currently up to heights of 130 metres) the sand is either sluiced down to
a dredge pond or moved mechanically to a central treatment plant (dry
mining). The primary separation of heavy mineral is carried out in water
and the concentrate is then transported to a central works for final treat
ment. Tailings are re-contoured and then covered with topsoil that has been
stored. Seed and fertiliser may be used to obtain a pasture or cover crop as
the first stage in obtaining a stabilising vegetal cover. Subsequently native
species may be allowed to regenerate from seed in the replaced topsoil, or
from seed or nursery stock deliberately introduced.
Depending on location of the site the miner may be required to leave it
roughly level and with only a grass cover so that it is immediately suitable
for resort development. Elsewhere, especially on higher dunes, he is com
monly required to regenerate native vegetation. The operations of re
contouring and re-establishment of vegetation now cost an average of $900
to $1,200 per hectare; up to 75 per cent of the total cost may be for machin
ery costs in re-contouring and spreading topsoil. Sand mining frequently
includes the foredune where the extreme habitat can increase the cost of
rehabilitation to $3,000 per hectare.
Owing largely to the work of the Soil Conservation Service of New
South Wales the sand mining industry now has a well defined set of
procedures for rehabilitating the foredune and low rear dunes. The relevant
publications have been summarised recently by Barr and Atkinson (1970).
Mining on high dunes has begun only in recent years. While the general
procedures of rehabilitation are similar to those for low dunes there are
additional practical problems of working on steeper slopes or on dune tops
with high exposure to wind.
In one area of rehabilitated high dune examined by the author eighteen
months after treatment with fertiliser and grass seed the area carried an
ungrazed pasture of molasses grass (Melinus minutiflora) which was
providing wind exclusion while thirty-one native species from the original
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community of eighty to ninety were already present; three of these had been
re-introduced to the area by hand-broadcast seed. In another area of low
dune given no treatment after topsoiling twenty-three native species were
present after eighteen months. How much of the original native flora will
eventually return to such areas after sand mining remains to be seen.
Present experience indicates that some of the plants which contribute so
much to the appearance of these communities (e.g. Banksia) will not be
returned with present practices. At present some sand mining companies
return them through the costly operation of transplanting tubed stock from
nurseries. There is scope for some research with such species.
While it is commonly believed that many of the native plants found in
the areas of coastal sand mining cannot tolerate chemical fertilisers such
as superphosphate, work by Specht (1963) and Groves (1965) shows that
there are native species that can respond, especially to superphosphate. Thus
it is possible to use fertiliser to stimulate rapid growth of a first cover once
the plants are established. Subsequent withholding of fertiliser will allow
gradual re-entry of species for which seed is still available in the soil. This
is a matter of restoring competitive advantage to native plants. Concentra
tion of the applied phosphorus in the upper part of the profile may exclude
some species in the early years but when fertilising stops the phosphorus will
gradually be redistributed through the profile. Probably there will always
be a net loss of species.
The experience discussed above and work such as that of Andrew and
Bryan (1955) indicate that biologically and technically it is possible to
establish and maintain a stabilising cover of vegetation on any coastal sand
above water level in north-eastern Australia. Ecologically it is impossible,
however, within a reasonable time scale, to restore completely many of the
original plant communities that have to be destroyed for coastal sand
mining; this is especially true of forests. Stabilisation and rehabilitation are
more accurately descriptive words than restoration.
The coastal sand mining industry is currently mining about 800 hectares
per year. Disturbance for associated activities such as access possibly doubles
the area. This total of up to 2,000 hectares per year compares interestingly
with Watt’s (1972) survey of sand drift on the coast of New South Wales
(i.e. drift due to causes other than sand mining). Watt found a total of over
6,415 hectares of serious sand-drift affecting a total of 318 kilometres of
coastline; his estimates suggest that it would cost more than $13 million to
stabilise all of it. Much of this land has been damaged by careless use for
such things as recreation, housing and grazing. Such damage to coastal
dunes can be expected to increase with increasing population until legislation
is available to control it.
Watt’s figures emphasise the fact that sand mining is only one form of
disturbance of virgin coastland. At present only the sand miner has to
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rehabilitate land he has marred. Owing to population pressure conservation
problems in the area of coastal land concerned in sand mining already
involve far more that just sand mining. These other aspects of the problem
can be expected to increase acutely in the next ten years. After that it will
probably be too late to save much of the central eastern coast from the
destructive results of unplanned development by rational allocation of
resources to appropriate forms of land use.
The conflict surrounding the coastal sand mining industry has been
discussed at length because it has developed far enough for many of the
issues to be now clearly defined. Geography and natural resources are
combining to produce a region where there is going to be increasingly acute
competition between various forms of land use; if sand mining were to cease
this year the argument would shift to other forms.
Bauxite
At present there are three major areas of open-cast mining for bauxite in
Australia—Weipa, Gove, Darling Ranges (Figure 39). All are based on
lateritic bauxite where the ore body is the nodular horizon of a latosol or
sandy ironstone soil. Mining involves removal of the sandy A horizons which
may be 10-75 centimetres thick, followed by extraction of the pisolitic or
massive bauxitic layer. This varies in thickness generally 2-5 metres. Unlike
sand mining there is a substantial loss of volume in the area mined, and
there can be appreciable quantities of slimes from the processing of the
bauxite ore through various stages.
As Figure 39 shows Weipa and Gove are in remote areas and the granting
of mining leases has not lead to the friction over land use that has developed
over the bauxite leases in the Darling Ranges. As mentioned earlier mining
at Gove which started in 1971 has led to litigation over aboriginal land
rights. There are no published reports of studies on rehabilitation at Gove,
and so far as I am aware such work has not commenced yet.
The bauxite deposits at Weipa are so extensive (over 1,000 sq.km.) that,
at present rates of extraction, the mine has an almost indefinite life. The
operating company, Comalco Ltd, is supporting a research program on
rehabilitation by the Division of Tropical Pastures of CSIRO and by the
Queensland Forest Service. The aim is to obtain continuing production
from the extensive areas of rehabilitated land that will accumulate. The
work which began with glasshouse experiments in plant nutrition in 1967
and proceeded to field trials at the site six months later has already shown
that back-filled areas will grow successful pastures. The only fertiliser
required for establishment of a legume-based tropical pasture is super
phosphate with molybdenum at 200 kg/ha. The four elements thus supplied
(phosphorus, calcium, sulphur and molybdenum) are all necessary. A light
initial dressing of nitrogen may be necessary in the first year. A wide range
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of pasture species can be used, notably Panicum maximum (Guinea grass),
Digitaria decumbens (Pangola grass), Urochloa mosambicensis, Stylosanthes
humilis (Townsville stylo) and Phaseolus atropurpureus (J. E. Coaldrake
and R. L. McCown, unpublished data).
In the forestry studies out of twenty-two species tested four show promise
for use in plantations. They are: Callitris intratropica (cypress pine),
Khaya senegalensis (African mahogany), Swietenia macrophylla (mahog
any), Pinus caribaea (Caribbean pine). Superphosphate at 0.5 kilograms
per tree used at establishment is the only fertiliser needed up to date (D. I.
Nicholson, pers. comm.).
Thus at Weipa and Gove open-cast mining over extensive areas has not
produced clashes over land use by Europeans nor does it seem likely to
happen. Furthermore, within a few years of the start of mining subsequent
productive use of much of the mined land seems assured at Weipa, and
possibly at Gove though local studies will be necessary to confirm this.
Mining of the deposits in the Darling Range area of Western Australia
contrasts with Weipa and Gove in many major aspects that relate to
conservation. The facts below are summarised from Beggs (1971) and
Western Australia Forests Department (1971). The richer deposits of
bauxite underlie the better stands of commercial forests of Jarrah (Eucalyp
tus marginata) on areas that are also important as watersheds for urban
water supply to the most densely populated areas in the state. Experience
with clearing of similar watersheds in the region suggests that there is a risk
of increasing the salinity of water going to urban supply.
The Jarrah forests of the area are now under increasing attack by the
Jarrah dieback fungus (Phytophthora cinnamomi) one of the fungi
imperfecti that are difficult to control economically. The best bauxite
deposits are under areas of forest least susceptible to attack. The disease is
spread readily by logging and mining vehicles. Of the 1.9 million hectares of
dedicated forest nearly 50 per cent is currently taken up by mining lease
agreements for bauxite. These facts could only lead to a contest over land
use when mining leases for open-cast mining were sought. Objections to
mining were not sustained since early operations and forecasts involved
only 10-15 hectares per year to supply one refinery. In seven years the
annual rate of clearing has now increased to 110 hectares per year; there
may be further increases to supply a second refinery that could ultimately
require the clearing of an additional 300 hectares per year.
The arguments in favour of mining in preference to forested watershed
or other forms of agriculture were stated recently by Brodie-Hall (1971).
These bauxite deposits are in the region inhabited by 86 per cent of the
total population of the state. The development of an industrial complex
based on bauxite (export of crude bauxite is disallowed) offers an important
source of employment in towns previously concerned largely with servicing
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rural industry that is currently at a low ebb. In regard to forest production
Brodie-Hall stated that ‘crediting all of this (forest) production to the
south-west region represents a return of approximately $17 per hectare’
(per year). He also calculated that the ‘gross return from an acre of forest
mined for bauxite which is processed into alumina, again at present values,
is approximately $1,000,000 per hectare’. This is, of course, a return in one
year only. But B. J. Beggs (pers. comm.) points out that the figure for
bauxite is based on selected areas of high yield, and that a comparable
figure for forest production would be $890 per hectare per year, while the
current value of selected forest areas used additionally for urban water
supply ranges from $54 to $140 per hectare per year. The contrast in present
monetary values remains striking, but who sets the future value of water
in an area where it is none too plentiful?
Determined and costly attempts are being made by the operating company
to reforest the mined areas but there are problems. These relate to the fact
that mining leaves impervious clay (originally the lower part of the lateritic
profile) covered with only 10-30 centimetres of replaced topsoil. Various
introduced forest species are establishing successfully but foresters claim that
‘predictions as to the success or otherwise of these experiments should not
be made until the trees are at least 15 or 20 years old’ (Western Australia
Forests Department 1971).
And so the argument continues between the advocates of sustained long
term but low yield from forestry and watershed, and those who favour
massive immediate yield from mining with problematic return to forestry
and watershed. This is a case where planning legislation could have impelled
thorough investigation of long-range prospects in both the mineral bearing
and the adjoining regions as advocated by Downes (1971). The conversion
of portions of forested watersheds to bauxite mines in the Darling Ranges
has become a classical illustration of the social conflicts discussed earlier
in this paper. In this it contrasts with the other two bauxitic areas at Weipa
and Gove where isolation and regional ecology put a different face on
conservation problems, with emphasis on the traditional ownership rights
of aboriginals.
Open-cast Coal M ining in the Bowen Coal Basin

The Bowen Coal Basin (Figure 39) now seems likely to become the region
of most extensive open-cast mining in Australia, that is in terms of surface
area involved. These Upper Permian coal measures are presently known to
extend over a north-south distance of some 500 kilometres. At present there
are six major open-cast mines operating or committed over this length;
production from single mines is up to 3 million tons per year.
The over-burden varies in depth from over 10 metres and with present
machinery and costs is strippable to a depth of 50 metres. The larger coal
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seams are generally 5 to 8 metres thick. Stripping and piling of the over
burden leaves overlapping heaps reaching 20-25 metres above surface
height and with slopes of 38°. A typical mine in this region works approxi
mately 90 hectares of surface area per year for a production of 3 million
metric tons. At present a total area of about 200 hectares per year is taken
by mining in the Bowen Coal Basin and this seems likely to increase to over
500 hectares per year in the near future. The life expectancy of different
mines varies from twenty to about 100 years.
Present land use in this region is grain fanning and beef cattle raising
on extensive areas of sown pastures that can be established cheaply after
clearing of the virgin brigalow (Acacia harpophylla) low forests and wood
lands (Coaldrake 1970). The size of individual holdings varies from 1,000
to 10,000 hectares; in general the size increases from south to north along
the area of the Bowen Coal Measures. Such holdings normally supply direct
support for two or three employees (the owner being taken as an employee),
and give a gross return of $17 to $67 per hectare per year.
By contrast, one open-cast mine in this region provides direct employment
for 200 employees while working over 90 hectares of surface area per year.
Once the central treatment plant is established this type of mining involves
very little area per year in excess of that actually mined. The gross value of
coal is up to $500,000 per hectare.
Taken on a time scale of 100 years these figures show that open-cast
mining will require 9,000 hectares of land to support 200 employees. The
same area under alternate forms of land use (nearby holdings are of about
3,300 hectares) will support seven or eight employees over the same period.
These figures assume no further use of the land after mining and no further
intensification of agriculture in the region; both possibilities are conjectural
at present. Even with this qualification these figures emphasise the striking
increase in immediate employment that follows the use of a different
resource from the same surface area.
On much of the land surface over Bowen Coal Measures the first step
necessary to any reasonable level of rural production is total eradication of
the virgin vegetation. This has proceeded at an increasing rate in recent
years under the stimulus of a government-sponsored closer settlement
scheme. Landholders are assisted financially with the cost of clearing upwards
of 1,000 hectares per year on a single holding. The destruction of virgin
landscape by mining does not compare. The conservation questions at issue
over coal mining relate to rehabilitation.
Serious attempts at rehabilitation are beginning only at the time of writing
so that they can be discussed only in speculative terms. Limited chemical
analyses (J. E. Coaldrake, unpublished data) from the surface of spoil
heaps suggest that superphosphate and nitrogen in reasonable quantities
may be the only fertilisers needed for a first cover of pasture, and that
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toxicities are not likely. High pH in some areas may limit the range of
legumes to genera such as Medicago and Leucaena. The major problems
seem likely to be centred on climate and topography.
Rainfall in the area is highly variable within and between years, while a
fall of ioo millimetres in one day may provide up to 20 per cent of the
total for one year. The range of annual rainfall at Banana, towards the
southern end of the region, is 270-1,210 millimetres (Coaldrake 1970). Again,
Skerman (1958) has stressed the risk of seedling mortality through heat
waves.
With the excavating machinery used the spoil heaps rise 20-25 metres at
38° to a sharp crest. This topography leads to heavy run-off with highintensity rains (up to 40 millimetres in one hour) on the clays and shales
that are common in the overburden. With coarser textured sediments in
some areas there is rapid soakage to the lower part of the slopes. Observation
of the establishment of native grasses and weeds on older heaps indicate
that there will be establishment and maintenance problems on the upper
half of the heaps. Some flattening of the crests should help here. Again the
steepness of the slopes will limit use of the land for grazing by cattle until
they have been eased mechanically or by erosion. If it is accepted that the
economic return from coal is sufficient return from this land for some time
then quick rehabilitation may not be essential, though the lack of it is
not aesthetically satisfying to many.
From these widely scattered examples of open-cast mining in Australia it
emerges that many of the major problems of conservation in relation to
open-cast mining are similar to those with other types of land use that
require disturbance of the landscape. This brings us back clearly to the
proposition made earlier in the paper that mining, like all forms of land
use, should be integrated into comprehensive regional planning before
access to a given area is granted. Argument over planning recommendations
could scarcely exceed those under the present system, both in virulence and
in cost. But they would happen before land was committed irrevocably to a
use from which, in most cases, it cannot be entirely restored to its original
condition.
Once land is committed to open-cast mining there may be problems of
rehabilitation in some areas. In the examples considered we have seen cases
where mined land can be passed on ready for other forms of land use using
existing knowledge and techniques; in other cases there are difficult problems
still to be solved.
PROBLEMS OF REHABILITATION

While some of the detailed problems of rehabilitation have been discussed
earlier there are also a number of more general problems. There is now an
extensive literature on rehabilitation after mining but the greater part of it
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is concerned with problems in higher latitudes in the northern hemisphere.
Of sixty-three papers presented at a recent symposium in rehabilitation of
disturbed areas (Pennsylvania State University 1969) only two were
concerned with work at latitudes lower than 35 °. European experience in
these matters comes from latitudes 40-60°, North American from 30-60°,
predominantly above 40°. Australian rehabilitation will be done chiefly
between 35-10°. There is not much overlap when we consider the various
aspects of climate that change with latitude. Nor is there much literature
from mined land dealing with the species that will be used in Australia.
Exceptions in this regard are the work of Younge and Moomaw (i960) in
Hawaii, and Howard and Proctor (1957) in Jamaica, both on strip-mined
bauxite lands. It is true that a lot of the literature from, for example,
agronomy and ecology is useful in supplying knowledge and techniques
that can be applied to the mining situation. But the changes indicated by
the latitudinal comparisons above mean that a great deal of direct research
will have to be done in Australia; much of it will have to be done on site,
especially where rehabilitation with native plants is required. A chemical
engineer may design measures for pollution control in a laboratory remote
from the source of pollution. A mining ecologist can be wasting his time
i kilometre from the site concerned.
These arguments lead to the conclusion that there is now a need in
Australia for a research group that specialises only in the problems of mining
ecology and rehabilitation. There are limits to the buying of know-how for
successful rehabilitation from part-time or short-term consultancies. The
same is true of fragmented research by individuals or institutions whose
chief obligation lies elsewhere. The Australian mining industry is now
becoming aware of this need.
Some of the present arguments that develop over rehabilitation could be
avoided if the miner had to indicate a proposed scheme of rehabilitation, and
a budget for it, as a part of the conditions of qualifying for a lease. Where
rehabilitation is required in the leasehold conditions the need to provide
such statements might well reveal gaps in knowledge on which investigation
could start in advance of mining. It could hasten the fufilment of the
conditions written into the lease by leading to a more careful examination
of possibilities and problems before leases were issued.
Already in Australia there are many instances where land developed for
rural use has been abandoned for various reasons of unsuitability. This
process seems likely to continue as rural production adjusts to altered world
markets. It is possible that some of this land could be redeveloped to a form
of production that would substitute directly for that lost from land given
over to mining. Equivalent production might be obtained more cheaply
from such land (e.g. re-afforestation of abandoned dairy farms) since there
would not be the difficulties due to gross alteration of the soil.
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C O N C L U S IO N S

I have concentrated on a few major areas of open-cast mining in
Australia in an attempt to examine some of the causes and principles that
lie behind the rapidly increasing conflict with the requirements of conserva
tion. There are numerous other sites where similar conflicts exist or are
likely to start, but behind all of them lies the need for proper regional
planning before land is allocated to any use. In the case of land bearing
mineral deposits in Australia it is hard to see either the conservationist or
the miner obtaining decisions both rationally based and satisfying unless
there is amendment of the relevant mining laws, and the introduction of
comprehensive legislation for regional planning.
It is to be expected (and hoped) that the present widespread and lively
interest in the conservation problems of open-cast mining in Australia will
continue. The gap between the conservationists and the mining industry
has started to close, a process that it being helped by a growing acceptance
within the industry that the principles of conservation now provide some
additional and permanent restraints on its operations. It will be a pity if
conservationists remain engrossed only with the mining industry to the
exclusion of concern for other sources of despoliation of land within mineral
bearing regions. This is especially true in our densely populated coastal lands.
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28. Conservation Problems in Hawaii

C. H. L A M O U R E U X

h e native biota of the Hawaiian Islands is both disharmonic and, at the
species level, highly endemic. For example, about 95 per cent of the 2,000
odd native angiosperms and 99 per cent of the more than 5,000 species of
insects and 1,500 odd species of terrestrial mollusca are endemic. Population
sizes are small, and many taxa are limited in distribution to single mountain
peaks, valleys, or kipukas (older areas now surrounded by more recent lava
flows). The small population sizes are in part a reflection of the wide
climatic differences which occur between areas only short distances from
one another, and are in part a reflection of other geographic isolating
mechanisms, such as the presence of separate islands; deep valleys oriented
parallel with prevailing winds, tending to reduce gene flow between adjacent
valleys; and the occurrence of lava flows which separate formerly continuous
populations.
The disharmonic nature of the biota is, of course, related to the isolation
of the islands—the result is that the only native land mammal was a bat,
there were no native amphibians or terrestrial reptiles, and many groups of
plants and insects which are common in other tropical and sub-tropical
areas were not present in the native Hawaiian biota (Zimmerman 1948).
Among plants, for example, gymnosperms, figs, mangroves and members of
the family Araceae were absent, and only about four species of orchids were
present, a very low number.
The disharmonic nature of the biota and the small population sizes made
the biota especially vulnerable, and seem to have been factors in accelerating
the extinction of species since man arrived in the islands. The decimation
of the native biota which accompanied the early introduction and spread of
grazing and browsing mammals has been well documented in this volume by
Fosberg and by others (e.g. Tomich 1969). Briefly, the introduction of
grazing and browsing mammals, mainly cattle, sheep, goats, and pigs, into a
flora which had evolved in the absence of grazing, browsing and trampling
had an especially severe effect. Accompanied as it was by the introduction
of many weedy, aggressive plant species, the native flora, and, in turn, the
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whole native biota disappeared from many areas of the Hawaiian Islands.
In addition large areas of land were cleared for housing, for plantations,
and for pastures. In general, the major factors contributing to the decline
of the native biota were those resulting in habitat disruption and modification
(Berger 1970) rather than direct harvesting of certain species, with the
conspicuous exception of the exploitation of sandalwood between 1810 and
1830 (St John 1947). An especially severe sort of habitat disruption was
that which occurred on Laysan Island when rabbits were introduced early
in this century (Bryan 1942, Lamoureux 1963, Warner 1963), although it
is interesting to note that the introduction of the rabbit to Manana Island,
off Oahu, has not resulted in complete habitat disruption (Tomich et al.
1968).
The sad history of the native Hawaiian biota is a matter of record,
however, and we must turn our attention to a consideration of the major
conservation problems facing Hawaii today, with emphasis on those related
to mining, engineering, and land development. Mining is not presently a
problem in Hawaii. Although consideration is occasionally given to strip
mining a few bauxite deposits, such a venture has not yet proven economic
ally feasible and seems to offer no immediate threat. Quarrying operations,
although unsightly, pose no current significant threat to the native biota
since most quarries are located in lowland areas from which the native biota
disappeared long ago. The only exception to this is a quarry at Puu
Waawaa on Hawaii located in a remnant of native dryland forest. The
major problems today are:
i Land development: these projects result in filling, draining, or dredging
of marshes and shallow ponds, with concomitant loss of wetland habitat.
The number of such areas originally present in the islands was limited, but
these areas seem to have escaped, at least in large part, the general destruc
tion of lowland habitats which occurred over 100 years ago. The greatest
exploitation of wetlands has occurred within the last thirty years. The
situation is becoming critical to the survival of such birds as the Hawaiian
stilt (Himantopus himantopus knudseni), coot (Fulica americana alai) and
gallinule (Gallinula chloropus sandvichensis), and is resulting in loss of
habitat for the few migratory waterbirds which visit Hawaii each year. One
major pond currently used as a refuge lies under the approach to an alter
native runway at Kahului airport on Maui, and has been the subject of a
long battle between the Federal Aviation Agency, which would like to fill
it in order to prevent birds from flying under planes approaching the airstrip,
and the conservationists, who recognise it as one of the few remaining
available breeding sites for these birds. In two areas on Oahu the introduced
mangrove, Rhizophora mangle, is spreading rapidly into shallow brackish
ponds and lagoons and threatens to destroy the usefulness of the habitat for
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waterbirds. The situation, then, in regard to lowland marshes and shallow
P'onds is considered to be especially critical in Hawaii today.
2 Land clearing for roads and housing sites: in lowland areas these
operations have direct effects on sites being cleared as well as indirect effects
on the marine environment when, after run-off, silt is deposited in nearby
bays and on reefs. An example of this can be found at Kaneohe Bay on
north-eastern Oahu. Land around the shores of the bay has been extensively
developed in recent years, and silting in the bay has become a real problem,
but the ecological changes caused by silting alone are difficult to evaluate
since the picture is further complicated by the effects of increased fresh
water run-off after storms, and the effects of sewage outfalls dumping both
raw sewage and the effluents of primary treatment plants into the bay. All
of these factors combine in accelerating the rate of change in the bay
ecosystem.
In upland regions, in addition to direct loss of biota and increased soil
erosion, land clearing enhances the introduction of exotic plant species and
the subsequent spread of these species into relatively undisturbed areas.
There is a current proposal to route a major interstate highway through the
wild Moanalua Valley on Oahu, and a recent suggestion to construct an
expressway high in the mountains behind Honolulu in order to avoid the
excessive costs of acquiring urban land for road-building purposes.
3 Beach ‘improvement’ projects: this is another sort of project becoming
popular in Hawaii today. Such projects, at a minimum, increase water
turbidity, and frequently involve covering living reefs with sand and gravel,
much of which soon washes away, but only after the damage to the living
reef has been accomplished.
4 Water development projects: the major one of concern to conservation
ists is a proposal to construct a large reservoir in the Alakai Swamp Wilder
ness area on Kauai, an area that contains several extremely rare native bird
species.
5 Expansion of pasturelands: this change in land use continues, with
associated destruction of forests. Economic studies are needed to indicate
whether some of these areas could not be better utilised to produce koa
(Acacia koa) forest on a sustained yield basis.
6 Timber: a timber industry based largely on replacing native species
with exotic tree species has been developed. Fifty years ago, when the major
emphasis in forestry was to reforest watersheds, many species were planted
in a crash effort to find what would grow best on denuded slopes. Between
1908 and i960 the species most extensively planted (with their present num
bers) were Eucalyptus robusta (2,321,000), Grevillea robusta (2,242,000)
and Melaleuca leucodendron (1,773,000), all Australian plants, as
well as the Hawaiian Acacia koa (1,137,000) (Nelson 1965). In recent
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years, as emphasis has shifted to production of timber (Nelson and Wheeler
1963; Harpole 1970), the species most widely planted have included
Flindersia brayleyana, Fraxinus uhdei, Eucalyptus saligna, Toona australis,
and species of Pinus, none of them native. Moreover, in some instances rich
native forest has been destroyed to allow planting of these introduced
species. Recently there has been a proposal to harvest tree ferns in large
quantity from the Cibotium fern forest, a vegetation type unique to the
Hawaiian Islands.
7 Hunting: development of a hunting industry involves pressures to
maintain or increase numbers of feral animals, and to introduce additional
species of game animals. Axis deer (Axis axis), mule deer (Odocoileus
hemionus), pronghorn (Antilocapra americana) and mouflon (Ovis musimon), have been released and are being hunted on some islands (Tomich
1969), and efforts are constantly being made to distribute them more widely
among the islands. For twenty years conservationists have successfully
resisted efforts to transplant the axis deer to the island of Hawaii (Lamoureux 1968). Recent attempts to eradicate feral goat populations in Hawaii
Volcanoes National Park have resulted in considerable political pressure on
park authorities to maintain a sizable goat population in the park.
What then is the outlook for conserving a part of Hawaii’s unique native
biota? The chances are probably better now than they were five years ago.
Protection of individuals and populations of a single species in small re
serves, zoos, and botanical gardens will play an important role in conserva
tion, especially since Hawaii is an area where population sizes are small and
distribution limited. The success story of the Hawaiian goose, the nene
(Brauta sandvicensis) (Berger 1970), shows that this approach can work
in Hawaii. The new Pacific Tropical Botanical Garden will devote most of
its work in the next few years to studying and growing native Hawaiian
plants. Major attention must also be directed, however, to protection of
entire ecosystems. Although 49.5 per cent of the land in Hawaii is now
zoned in the conservation district, many uses permitted in conservation
districts are incompatible with protection of the native biota, and more
rigidly protected categories of use are required. Expansion of national parks,
such as the recent addition of Kipahulu Valley to Haleakala National Park,
for which funds were raised by The Nature Conservancy, are significant.
The development of the new Hawaii Natural Area Reserves System, estab
lished by Act 139 of the 1970 Hawaii State Legislature should play a major
role in the development of a realistic and effective system of nature conser
vation for Hawaii.
The mere establishment of national parks or natural areas is not enough,
and such areas will need to be properly managed after establishment.
Ideally, management should be avoided, especially in natural areas, but in
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Hawaii today nearly all areas have been so modified by man and his
activities that an active management program will be necessary to bring the
newly established natural areas to a more nearly natural condition. Although
recent explorations have revealed that some native organisms long thought
extinct are still present in moderate numbers, there are still management
problems related to introduced plants and animals, diseases, fire, and human
population pressures. The Hawaii Sub-project of the International Biological
Program is investigating some of these problems, and the results of this
research should prove useful in developing appropriate management practices
for natural areas.
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2 g. N atu re Conservation in R elation to
M odern T rends in A ustralian
Forestry

L. D. P R Y O R

T h e implementation of a program of nature conservation implies the
recognition of the ‘natural’. This is a task which is often looked at in a
much oversimplified way and as a result conservation attitudes are often
directed to the preservation of a landscape which has a high proportion of
the man-made in it. In Australian forests it is generally assumed that the
condition prior to European settlement is the natural one, but there is some
evidence that the impact of aboriginal man on the Australian environment
was pronounced (Jones 1968) and that the pre-European condition can be
maintained only if a program like that associated with the aborigine,
especially in the use of fire, is adopted. Whether ‘natural’ is taken to incor
porate man or not, it must be recognised that the ecosystems are dynamic
and ‘natural’ might be taken to refer either to the situation without man,
or the position with aboriginal man, or the present-day condition.
At present the Australian sclerophyll forest is regarded by many as most
readily fulfilling the aims of conservation of indigenous species and eco
systems (that is, ‘nature conservation’). Therefore the implementation of
forest management programs will tend to evoke quick response from conser
vationists, especially if the two aims are thought to be in conflict.
In many ways, by tradition, forestry is highly conservation-oriented (it is
still a practice to use the title Conservator of Forests in several state forest
services in Australia) and much of past Australian forest practice has been
highly effective in conserving ‘nature’. Since this phase of forestry is well
established and unspectacular, however, it has tended to be overlooked in
the current climate of public enthusiasm for conservation. Thus it is not
unusual for the amateur to be completely unaware of the beneficial impact
of forestry in this way or to be unaware that a piece of sclerophyll forest
subject to a well-developed selection silvicultural system is in fact intensively
managed and not just a ‘natural’ wilderness. However, forestry has other
aspects which are related differently to conservation aims and there are
modern trends which raise some aspects which have been insignificant
previously.
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FOREST MANAGEMENT SYSTEMS AND CONSERVATION

Forest management in Australia, with scarcely an exception, embraces the
sustained yield concept by which forest produce is gathered regularly each
year in approximately equal amounts from any given forest. This management
goal results in a regular series of age classes from the regeneration year to
the oldest stand which is at rotation age. Each age class may be in a single
area or dispersed in a number of separate places and at the extreme even be
quite finely fragmented. Such a series of age classes provides a situation
which is favourable to the survival of many species of plants and animals
and indeed favourable to providing at the one time an array of types
characteristic of the different phases of growth of a stand through the
rotation. Where the total sum of age classes is made up from the regenera
tion of many small or tiny groups, a group selection forest is the result.
Much of Australia’s eucalypt sclerophyll forest is managed in this way
and most of the forests concerned are controlled by state government forest
services. Thus the spotted gum (Eucalyptus maculata) forests of the south
coast of New South Wales or the blackbutt (E. pilularis) area of the northern
coastal section of that state are excellent examples of this system which has
been developed in the last seventy years or so. It is unlikely that the
management of many of these areas will change much in the future, at least
so far as forest policies are concerned, and provided they are not alienated
for radically different non-forest use, they will continue in the pattern in
which they are now seen. Such forests are first-class examples of balanced
conservation which require little, if any, modification in management to
achieve maximum values in nature conservation. It is doubtful if a more
effective and economic method of conservation can be propounded than
through such a system of forest management in sclerophyll forests.
However, the group selection silvicultural system, though widespread
in Australian forests, is not the only current method of forest management.
The two main departures from it are in the system of clear felling with seed
trees on the one hand, and conversion to regular annual plantation on the
other. Both methods are carried out within the sustained yield framework.
However, plantation methods, especially those based on exotic pines, do not
serve all the interests of fauna and flora conservation, although they may
contribute to other conservation values.
FOREST PLANTATIONS

Exotic Pine Plantation
One of the current forestry trends is to increase substantially the amount of
pine plantation to meet future needs for timber. It must be recognised that
pine plantations largely replace the foregoing vegetation and the animals
dependent on that vegetation. In some areas replacement has been (and
increasingly will be) of pasture of one kind or another as land use programs
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shift in emphasis from grazing to forestry. Much of the development of
conifer plantations will be by the conversion of sclerophyll vegetation
ranging in condition from more or less unaltered to much changed by
European settlement. Whatever its previous status, however, the replacement
is seldom absolute since rarely is 100 per cent of a substantial area ‘plantable’.
The long-term nature of forest management where rotations even in the
shorter examples are seldom less than twenty years leads to a degree of
control and protection of land tracts and the persistence of wooded shelter
which is often favourable to an increase in numbers of some animals. Thus
it is a common observation that after a period, pine plantations contain more
of the larger macropods than do adjoining grazing lands which are so
frequently contiguous with them. The same seems true at times of some
birds. However, while the change to a pine plantation is a major one for
the organisms concerned, the frequent description of an exotic pine planta
tion in Australia as a ‘biological desert’ is misleading. An exotic conifer
plantation is a complex ecological system which is different from that which
preceded it. It is in status in many ways similar to a continuing exotic
pasture or in other ways to a wheatfield.
Thus whatever conservation values do or do not exist in relation to pine
plantation, a major need where such plantation is to replace sclerophyll
vegetation is to ensure that for future reference, enough samples of the
original types are retained in sufficient size to be self-sustaining indefinitely.
Such reservation programs are a feature of more than one existing forestry
department policy and will fail to meet general conservation goals only on
the grounds of adequacy in area and frequency. As pine plantation establish
ment grows to meet future needs the more there is a requirement for aware
ness of overall nature conservation values so that appropriate reservations
are made.
A stage will surely be reached in almost all zones too where the reduction
of surviving natural areas reaches a level at which the preservation of what
remains outweighs in value any other form of potential land use. In this
context samples which are more like the pre-European condition will be
more valuable than regrowth stands from earlier periods of land use after
settlement; and diverse habitats will often rate more highly than those that
are more uniform. Even if there were no policy of conservation at all in
Australia, however, sclerophyll forest would not be extinguished. In the
broad sense the survival of the sclerophyll vegetation as a type is not at stake
owing to any known or foreseen form of agricultural or forestry land use.
There are many parts of it which will not be replaced in the foreseeable
future, conservation or no conservation.
Eucalyptus Plantation
Recent research has stimulated the use of eucalypts in plantations, often by
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establishment on former grazing land which has been converted (earlier) to
pasture from sclerophyll forest. Some of the elements of management of such
plantations are shared with pine plantations, but they are much more like
the natural stands. Many of the plants characteristic of natural forest re
establish themselves under such conditions together with the associated
animals, although it cannot be claimed that a replica of ‘natural’ stands is
produced. Amongst other things the number of species used will be limited
and often not distributed precisely in the natural pattern.
Methods of management will incorporate the same sustained yield policy
and will probably consist of a sequence of coppice rotations with the re
establishment of a seedling plantation every thirty or forty years. This
development would lead to an extension of the populations of indigenous
plants and animals in place of an earlier reduction and in so doing would
serve conservation ends to a considerable extent. They would not of course
replace in function any conserved samples of natural vegetation but they
would indeed complement them substantially. Thus one current trend in
Australian forestry is to increase sclerophyll forest stands by means of regular
eucalypt plantation.
TH E CHIPWOOD INDUSTRY

The use of the term ‘chipwood’ is an innovation of the past few years,
but as a practice is not nearly so recent in Australia. It is frequently based
upon the silvicultural system of clear felling with or without seed trees,
although this system is used at times too when the out-turn is timber not
destined primarily for wood pulp manufacture. The term ‘woodchip’ applies
to the first step after felling trees and producing logs by the conversion of
these through a chipper into wood chips as a prerequisite to wood pulp
manufacture. This process itself has been in existence in Australia for some
thirty or forty years and the forests supplying such undertakings are examples
of management on this basis. Recent technical and economic developments
have led to proposals for several ‘chipwood’ producing programs and at this
moment at least two are established in the south-east of the country. Each
is based on a rather large area of sclerophyll forest of moderate forest quality
which for economic reasons has been either not managed effectively, or has
had hitherto a low level of management and poor fire regulation (K. Felton
and D. M. Cunningham, pers. comm.).
There are two features characteristically associated with forest management
for ‘chipwood’ production. The first is the scale, which tends to be consider
ably larger than that in other types of management, and the second is the
completeness of utilisation on any single annual coupe. On the other hand,
in common with other silvicultural practice, the management system is on a
sustained yield basis with a designated rotation and consequently with a
fixed annual coupe.
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The probable scale of such undertakings will involve each year coupes of
some thousands of hectares which after cutting are regenerated and pass
through the rotation period to become forest appropriate again for cutting.
The rotation length of much of the area under such management is likely to
be rather shorter than that where other forms of management are in vogue
but it may incorporate a ‘coppice with standards’ system in the second
rotation. For such forms of management a series of age classes result, with an
effect of producing an array of plant and animal organisms characteristic
of the different age classes. Areas managed in this way from the point of
view of the array of indigenous plants and animals which are associated with
them are probably not greatly different from fully preserved natural vegeta
tion and can form an important part of an overall conservation policy.
From the conservation and aesthetic point of view, by taking note of a
few simple management options these values can be very well supported. For
example, although the total coupe may be several thousand hectares, this
can be divided into a series of separate sub-areas, the coupe in each of which
need not be more than a determined maximum. Morever, zones which are
prominent or frequently visited in the recreation interest need not be included
in the clear felling with seed tree system and though still contributing to
the timber yield, can be managed primarily with these values in mind.
In most cases such aims would be met by setting aside only a small proportion
of the total area for management with this end in view. In addition, by the
preservation of some habitat conditions at the time of felling, such as old
trees with hollow branch stubs and some large fallen logs, as has been
proposed, there is an easily feasible provision to further the populations of
animals for which this is the necessary habitat.
It has been evident in recent popular writing that the term ‘chipwood’
often brings an image of destructive exploitation. The aspect of it as a
system of forest management in which sustained yield and conservation of
habitat are prominent elements has as yet seldom been mentioned. For
example, a consequence of such management is that effective fire regulation
is established which will lead to the elimination or minimisation of large,
disastrous, uncontrolled fires which are destructive equally of plants and
animals. But the use and effect of fire itself are still dealt with largely
emotionally in many cases, especially in lay writing on conservation. The
planned limitation of some populations of larger mammals elsewhere in the
world went through a period of similar opposition.
FU T U R E PR O SPE C TS

From these trends in forest management, whether conversion to plantations
of exotic species or of indigenous species, the shortening of rotations or the
more intensive management of larger areas, an environment results which
from the conservation point of view is graded in its character from the
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exotic pine plantation to that represented by the group selection sclerophyll
forest.
At present the effect on animal and plant species can be seen in a general
way. There is a tendency in the current view of conservation to assume that
all such operation is opposed and detrimental to the conservation interest;
whereas there is clear evidence that while conservation value is at times
reduced, on other occasions it may be much enhanced.
Forest products are an essential and vital part of the life of the community
and it seems will continue to be so indefinitely into the future. It is important
to preserve this aspect of living, as it is to provide those opportunities for
recreation which have become so necessary for urban dwellers or to conserve
for posterity the biological heritage of Australia which has a unique place
in the world. In the areas subject to forest management balanced multipleuse programs are needed and must be framed in relation to known facts and
refined from time to time on the basis of more precise information from
continuing research. The conservation movement will gain considerable
ground if the notion of partnership with forestry grows rather than if the
attitude of confrontation now seen from time to time is developed. This
latter stance seems to be based on the false assumption that forestry must
be opposed to conservation. Forestry of course cannot cater for all aspects
of conservation; there must be parks and reserves which are not part of the
managed forestry system, but which incorporate some different management
goals as well as having many in common with forestry. Such reserves will
be very effectively supported by nearby managed forests.
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Pacific region includes the countries bordering the Pacific Ocean
together with the islands and atolls and the Ocean itself. It is a large and
diverse region covering cold to tropical environments, vast empty spaces and
densely populated urban areas, virgin forests and intensively cultivated
agricultural lands. There are many racial groups who until recently were
more or less isolated, but who are now increasingly being brought in contact
with each other and with other parts of the world. Herein lies the fascination
of the Pacific and the challenge of the area for the nature conservationist—•
to retain and extend this variety in a way that is compatible with the quality
of man’s continued existence in the region.
Man has occupied the Pacific for millenia and must have had considerable
effects on some of the natural environments before European man arrived.
The extent of these effects will probably never be fully understood. A rather
romanticised version of pre-European man in the Pacific has been created
(especially for the islanders) and contrasted with the so-called fatal impact
of European man on the aboriginal inhabitants and their environments.
Though an understanding of conditions prior to European settlement
provides valuable base-lines, it is more realistic and important to understand
present conditions and trends in the various ecosystems of the Pacific; then
to apply this knowledge to manipulating species, communities and environ
ments to ensure long-term stability and maximum variety.
In the past nature conservationists have often worked in isolation in the
sense of attempting to have reserved examples of ecosystems virtually un
changed by the activities of European man. In the few areas of the Pacific
where this is still possible—some of the largely uninhabited islands and parts
of less populated countries such as Australia, New Zealand, New Guinea and
Canada—these attempts must still be pursued. This is especially so with
isolated island ecosystems which are known to be vulnerable to disturbance.
It is a sobering thought that the only natural environments mankind will
ever have are those that are set aside now, since we do not have the
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knowledge to restore natural environments on an extensive scale once they
have been replaced.
There are however no longer sufficient areas of natural environment to
satisfy the many needs of nature conservation and of associated scientific and
recreational uses. Increasingly, modified ecosystems must also be considered
for these purposes. It is often essential therefore that nature conservation be
integrated with other forms of land use, in environments which partly or
even largely are used for other purposes. Nature conservation objectives
should be included in programs for the economic use of land and sea. This
is evident already in the procedures being developed for evaluating land
according to its use potential. Whilst some areas will still be evaluated for
nature conservation on nature conservation values alone, much evaluation
is now in the broader context of other potential uses. In this way more
objective choices of land-use potential can be made within the overall frame
work of land use in a region; furthermore, some kinds of land use can
complement each other.
At the same time, the choice of procedures for evaluation in a particular
country or region should be compatible with the social, economic and
political environments there. Thus simple approaches in so-called under
developed countries will be needed as well as sophisticated ones in developed
countries. Furthermore, scientists should accept and make use of the fact
that values other than scientific ones and methods other than those based
on ecological considerations alone will continue to play a major role in
decisions on land use. To be most effective, therefore, scientists should be
prepared to work at times through national and international scientific
organisations which can be more influential politically.
As the interest in nature conservation extends from largely natural
environments to modified environments and to individual species, successful
management may involve much more than protection. In the first instance
there is need for an adequate stocktaking and mapping of the biological and
associated resources in the area and an assessment of the critical environ
mental factors for designated communities and species. Such information,
combined where necessary with results from field and laboratory experiments,
then provides the basis for active management programs. In some cases such
programs may involve considerable habitat disturbance and modification of
land use to secure stated objectives. Few countries have yet advanced to the
stage where they are able to match their nature conservation reserves with
adequate management objectives and staff.
In many cases, furthermore, as with widely ranging birds and mammals,
management must be international in scope if it is to be effective. Similarly,
isolated islands which individually and collectively constitute important
nature conservation resources require management at the international level,
as do the much-neglected marine resources of the Pacific. Here is a special
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role for international scientific organisations, as well as their accepted role of
influencing developing countries to adopt nature conservation policies which
otherwise might be neglected in the more general concern for rapid economic
development.
Many of the under-developed countries of the Pacific are now being
encouraged to undertake large developmental projects to improve their
material welfare—irrigation, agricultural and forestry schemes, and power
and mining projects, to name a few. Many of these developments are
promoted by international companies or funding agencies which themselves
benefit from the operation. The development techniques used are predomin
antly those based on western experience, including some which are so
damaging to the environment that they are now condemned in more
civilised countries. The power of these groups for development and exploita
tion of resources is unfortunately not yet matched by the international
conservation agencies. Meanwhile, it is important that conservation perspec
tives become an integral part of the overall development operations,
especially in the early planning stages. It is as much the responsibility of
conservationists as of the developers to work towards this situation. This
brings us back to our starting point: if nature conservation is to be anything
like adequate in the Pacific region, it must be planned and managed as an
essential part of land use as a whole. Furthermore, the conservation activities,
whilst often initiated by western workers, should increasingly pass into the
hands of the local people.
Several chapters in this book draw attention to the different approaches
to nature conservation in various countries, depending on their standard of
living. It is easier for a people to support nature conservation when they
are well fed than when at the point of starvation. Thus the population
bomb must be de-fused, otherwise nature conservation values will increasingly
suffer from the growing pressures on land to supply man’s material needs.
Stabilised population growth in the Pacific area as indeed in the world is as
essential for nature conservation as for the sustained use of man’s other
resources.
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D om inican R epublic, 36
Dracophyllum spp., 235
D ragonfly, 146
Drimys insipida, 84
Drimys stipitata, 84, 85
D ugong, 218
D unes, 304
E aste r Island, 218
E astern w hipbird, see Psophodes olivaceus
E conom ic developm ent, 260
E dge effects in forests, 151
E d u ca tio n of S outh-east A sian public,
255, 258
E le p h a n t seal, see Mirounga leonina
El S alvador, 35
Emblingia , 84
E ndem ism (H
315
E nderby Island, 236, 237
E niw etak Island, 217
E nvironm ent, problem s, 259
Epacris longiflora, 88
Epacris marginata, 88
Epinephelus spp., 197, 198, 199
Eretmochelys imbricata, 217
E rosion, 71
Eschrichtius gibbosus, 181
Eucalyptus maculata, 322
Eucalyptus marginata, 308
Eucalyptus pilularis, 322
Eucalyptus plantations, 323, 324
Eucalyptus robusta, 317
Eucalyptus saligna, 318
Eucheuma spp., 184, 192
Eupomatia bennettii, 83
Eupomatia laurina, 83
Euphorbia spp., 168
E x p o rt of birds, 154

,

Fagus crenata, 67
F a u n a : oceanic islands, 209, 231; p ro 
tec tio n (U S S R ), 179; South-east Asia,
279, 280; see also A griculture, Birds,

In dex
Fish, Grazing, Habitat, Harvesting,
names of particular species
Felis catus, 140
Fimbristylis cymosa, 168
Fire: effects on fauna, 106, 107; effects
on vegetation, 70, 71, 232
Fish: commercial importance in coastal
region, 287; collectors, 114; depletion,
113; effects of dam construction, 272,
274, 275; effects of pollution, 263-7;
Hawaiian shore fish, 197; Lutjanid,
197; Serranid, 197
Flindersia brayleyana, 318
Flora: Hawaii, 210; oceanic islands, 210,
231; South-east Asia, 279-80; see also
Flowers, Forests, Grasslands, names of
particular species
Florida, coastal areas,
Flowers, primitive, 83-5
FAO, 33, 34
Forests: destruction for pasture, 317;
endemic fauna, 118-19, 121; manage
ment, 10, 12, 257, 321-6; regeneration
after mining, 309
Fork-tailed kite, see Milvus migrans
Fox, see Vulpes vulpes
Franklandia fucifolia, 87
Franklandia triaristata, 87
Fraxinus uhdei, 318
Fulica americana alai, 316
Galah, see Cacatua roseicapilla
Galapagos Islands, 205, 218
Gallinula chloropus sandvichensis, 316
Gallinule, see Gallinula chloropus sand
vichensis
Game farming, 281
Genera, eurytherm, 174; microtherm,
171, 174
Genovesa Island, 226
Gentiana antarctica, 236
Gibsmithia hawaiiensis, 194
Gidgea, see Acacia georginae
Gigartina spp., 249
Glochidion spp., 168
Goats: Hawaii, 318; Great Island, 235
Gonystylus bancanus, 77
Gouldia terminalis, 168
Gove, Northern Territory, 307, 308
Governments, restructuring for conserva
tion action, 261
Gracilaria verrucosa, 67
Grasslands: anthropogenous, 125; New
Guinea, 125, (endemic fauna) 120;
New Zealand Islands, 232, 236
Grazing: effects on fauna, 94, 96, 105;
effects on vegetation, 71; on oceanic
islands, 210, 211, 212, 232-7, 315-16

333
Great Island, 235, 236
Greater glider, see Schoinobates volans
Green turtle, see Chelonia mydas
Grevillea robusta, 317
Grey fantail, see Rhipidura fuliginosa
Grey swiftlet, see Collocalia francica
Grey whale, see Eschrichtius gibbosus
Guadalupe fur seal, see Arctocephalus
townsendi
Guam, 221
Guinea grass, see Panicum maximum
Gunung Api Island, Maluku, 218
Gymnobelideus leadbeateri, 97, 106, 107
Habitat: destruction, 94, 96, 105, 114,
i i 5, 117, 139, 140, 151, i 79-8o, 212;
units, 125
Hakea, 87
Halcyon coromanda, 156
Halimeda spp., 190, 191
Hare-wallabies, see Lagorchestes spp.
Harvesting: birds, 154, 156, 164, 179,
212; fish from inland waters, 263;
marine organisms, 180, 181, 183
Hawaii: Division of Fish and Game, 197;
islands, 206, 241, 249
Hawaiian goose, see Brauta sandvicensis
Hawksbill turtle, see Eretmochelys imbricata
Heathlands (New Guinea), 125
Himantandra baccata, 84
Himantopus himantopus knudseni, 316
Hopea pentanervia, 77
Hunting (New Guinea), 138
Hydrodamalis gigas, 180
Ilmenite, 304
Import of marine organisms, 184
Impoundment: consequences, 275, 276
Indian Ocean: survey of islands, 226, 227
Information: analysis, 43-5; collection,
8-10, 13-17, 40, 43; presentation, 1720; storage, 9-10, 17-20
Institute of Agricultural Sciences, InterAmerican, 33, 36
International Biological Program, 11, 17;
Section CT, 31, 32, 40, 203, 207, 214,
219-26 passim, 259
IUCN, 32, 33, 203, 255, 296
Irrigation (Mekong), 274
Islands: eastern Pacific, 205; oceanic,
205, 209, 219, 220, 221; Polynesian,
205, 206; see also names of islands
Japan: high moor vebetation, 70; Act for
Protection of Cultural Properties, 146;
Special Natural Monuments Act, 146
Jarrah, see Eucalyptus marginata
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Jarrah dieback fungus, see Phytophthora
cinnamomi
Juan Fernandez fur seal, see Arctocephalus philippii
Juan Fernandez Island, 218, 221
Kakapo, see Strigops habroptilus
Kaneohe Bay, Oahu, 317
Kangaroos, see Macropus, Megaleia
Keysseria, 175
Khaya senegalensis, 308
Kinabalu National Park, Sabah, 75, 76
Kipuka, 249, 250, 315
Kosciusko National Park, NSW, 53, 105
Kukui, see Aleurites moluccana
Lagorehestes conspicillatus, 104
Lagorehestes hirsutus, 94, 95, 103
Land: capability for agriculture, 15;
capability for forestry, 16; capability
for wildlife, 16; classification, 13, 14,
15, (for recreation) 16, (Micronesia)
64, 65; development (Hawaii), 316,
317; evaluation, 20-3, 28, 30, 32-6;
legislation for conservation, 29-30,
(Costa Rica) 31, (New Guinea)
141, (Peru) 31, see also acts under
names of countries; minimal area for
reservation, 69; use in South-east Asia,
257

Land systems (Australia), 98, 103
Land-use planning, 7-8
Larap River, pollution, 264
Large-billed scrub wren, see Sericornis
magnirostris
Latin America, 28-38; attitudes to nature
conservation, 29
Lava flows, 241, 243, 245, 249
Lawis River, pollution, 264, 265
Leadbeater’s possum, see Gymnobelideus
leadbeateri
Legislation: for conservation of Pacific
Islands, 218; see also acts under names
of countries
Leptolophus hollandicus, 47
Leptospermum ericoides, 235
Lepturus repens, 168
Lethrinus sp., 199
Leucaena leucocephala, 70
Little scrub wren, see Sericornis minimus
Lobelia boninensis, 67
Lorius pectoralis, 47
Lutjanus spp., 197, 198, 199, 200
Macaca fuscata, 67
Macquarie Island, 229, 231, 236
Macropus spp., 94
Macropygia phasianella, 45
Macrotis lagotis, 94, 95, 103, 104

Index
Magnificent rifle bird, see Ptiloris magnificus
Mahogany, see Swietenia macrophylla
Malurus melanocephalus, 45
Mangrove, see Rhizophora mangle
Manucode, see Phonygammus keraudreni
Mapping: ecological basis for, 31-2; over
lay procedure, 20,21
Marine organisms: import, 184
Marine resources, legal standing, 286
Marsden statistical number, 189
Marshall Islands: taboos, 211; number of
islets, 219
Marsupial mice, see Sminthopsis spp.
Marsupial rats, see Pseudomys spp.
Martes zibellina kamtschadalica, 177
Massenerhebungs effect, 171
Meadowland (New Guinea), 127
Megaleia rufa, 94, 104-6
Megaloprepia magnifica, 45
Megapodius reinwardt, 46
Mekong Basin Development Program,
272
Mekong River: flow characteristics, 271
Melaleuca leucodendron, 87, 317
Melanesia, 206
Melinus minutiflora, 305
Meliphaga chrysotis, 47
Metal toxicity to fish, 267, 268
Metrosideros collina, 168
Metrosideros umbellata, 236
Micronesia, 61, 206
Milvus migrans, 47
Minerals on continental shelf, 287
Mining: conflicts with society, 302-3;
New South Wales, 299; in relation to
fishery (Philippines), 263; in relation
to nature conservation, 108; Western
Australia, 299; oceanic islands, 180,
212, 316; open-cast (Australia), 299;
sand (Australia), 303, 307; coal (Aus
tralia), 309-11; legislation, need for
revision, 303
Mirounga angustirostris, 180
Mirounga leonina, 180, 229
Miscanthus sinensis, 68, 70
Molasses grass, see Melinus minutiflora
Monachus tropicalis, 180
Morphology: primitive characteristics in
plants, 83, 85-9
Mouflon, see Ovis musimon
Mountain pygmy possum, see Burramys
parvus
Mulga, see Acacia aneura
Mule deer, see Adocoileus hemionus
Mustela erminea, 93
Mustela nivalis, 93
Mutton birds, 179

Index
Narborough Island, 205
National Parks and Wildlife Foundation
of NSW, 55
National Parks and Wildlife Service of
NSW, 53-6; Parks and Reserves Scien
tific Committee, 53, 56
National Water and Air Pollution Control
Commission, Philippines, 263, 270
Nauru Island, 179
Nemacystus decipiens, 184, 185, 187
Nene, see Brauta sandvicensis
New Britain, 133
New Guinea: endemic fauna, 118-20,
123, 124-9, 132; flora, 123-9, 132
New Holland mouse, see Pseudomys
novaehollandiae
New Ireland, 133
New South Wales: area for mining, 299
New York Land Use and Natural Re
sources Inventory, 17-21
Nikko National Park, Japan, 70
Nipponia nippon, 67
Northern elephant seal, see Mirounga
augustirostris
Nycticorax nycticorax, 156
Ocean Island, 179
Ochotona hyperborea, 67
Odocoileus hemionus, 318
Oil spills, 260
Ontario: Land Capability Analysis, 20,
21
Onychogalea fraenata, 104
Open Bay Islands, 231
Orang hutan, in Sabah, 77
Organization of American States, 36
Ornithoptera spp., 121
Oryctolagus cuniculus, 93
Ovis musimon, 318
Ovis nivicola coriacorum, 177
Pachycephala rufiventris, 45
Pacific Tropical Botanical Garden,
Hawaii, 318
Padina spp., 192
Pale yellow robin, see Tregellasia capito
Paranomus reflexus, 87
Pangola grass, see Digitaria procumbens
Panicum maximum, 308
Parks, national: Australia, 39, 96 (New
South Wales), 53-6; British Columbia,
60; Costa Rica, 37; Galapagos Islands,
218, 221; Kenya, 37; New Zealand,
96, 97; South-east Asia, 258-9, 281-2;
see also Reserves
Perameles spp., 94
Pest problems (South-east Asia), 278
Pesticides, 258, 278
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Phalanger spp., 118
Phaseolus atropurpureus, 308
Philippine Fisheries Commission, 264
Phonygammus keraudreni, 47
Photographs, aerial, 9-10, 22-3
Phytophthora cinnamomi, 308
Pinus caribaea, 308
Pinus lutchensis, 70
Pinus radiata plantations, 322-3
Pinus spp., 318
Pitta brachyura, 156
Pitta moluccensis, 156
Platycercus elegans, 45
Pleurophyllum spp., 233
Poa annua, 233
Poa breviglumis, 236
Poa foliosa, 232, 236
Poa littorosa, 236
Pollution: coastal areas, 291; river
systems, 114; quantitative data, 260,
261; water, 257, 263-6
Polymorphism, 167
Polysiphonia spp., 191
Pomatomus saltator, 217
Population:
distribution
(Australia),
302; coastal region, 288
Porolithon onkodes, 246, 249
Porphyra spp., 249
Prawns (Sundania), 111
Primula sieboldii, 67
Productivity, coastal and estuarine areas,
287
Programming, linear, 11 -12
Pronghorn, see Antilocapra americana
Prostanthera ovalifolia, 89
Pseudomys novaehollandiae, 98, 106
Pseudomys spp., 94
Psophodes olivaceus, 45
Ptiloris magnificus, 47
Rabbit, see Oryctolagus cuniculus
Rabbit-eared bandicoot, see Macrotis
lagotis
Rabbits: Macquarie Island, 236; Laysan Island, 316
Rainforest: New Guinea, 128-9, 132;
Queensland, 40, 42
Ralfsia spp., 246
Rallus wakensis, 219
Ramin, see Gonystylus bancanus
Rana catesbeiana, 145
Rangiroa Island, 223, 224
Ranunculus spp., 233
Rare species, 107, 167
Rasbora spp., 112
Rata, see Metrosideros umbellata
Rat-kangaroo, see Bettongia lesueur
Rattus exulans, 120

Index

336
Rattus verecundus, 119
Recreation, 107
Rectangles, Marsden statistical number,
189
Red kangaroo, see Megaleia rufa
Red-backed wren, see Malurus melanocephalus
Red-crowned parakeet, see Cyanoramphus novaezealandiae
Red-sided parrot, see Lorius pectoralis
Reef morphology, 194
Rehabilitation of land, 300, 301, 305-7,
310, 311, 312
Reserves: botanical (New Caledonia),
220; ecological (British Columbia),
57, 60; forest (Sabah), 72, 74; nature
(Australia), 99, 100, 101, (Hawaii)
318, (New Guinea) 142, (New Zea
land)
100, (Pacific USSR) 178,
(South-east Asia)
258, 259, 282,
(management) 105-8; virgin jungle
(Sabah), 72, 76, 77; see also Parks
Reservoirs, 317
Resettlement, 275, 276-9
Rhinoceros, 77
Rhipidura fuliginosa, 47
Rhipidura leucophrys, 47
Rhipidura rufifrons, 45
Rhizophora mangle, 316
Rhizophora sp., 287
Rhododendron japonicum, 66, 67
Rhododendron kiusianum, 66
Richea pandanifolia, 88
Roi, see Cephalopholis spp.
Rufous fantail, see Rhipidura rufifrons
Rufous whistler, see Pachycephala rufiventris
Rutile, 304
Sable, 177
Sagina procumbens, 233
San Benedicto Island, 205
Sand mining (Australia), 303, 307
Sapheopipo noguchii, 67
Sargassum spp., 185, 187, 191, 192, 246,
249, 250
Satawal Island, 217
Scaevola taccada, 168
Schima mertensiana, 70
Schistosomiasis, 275
Schoinobates volans, 94
Scleropages formosus, 112, 114
Scrub fowl, see Megapodius reinwar dt
Sepilok Forest Reserve, Sabah, 74
Sericornis magnirostris, 45
Sericornis minimus, 47
Sheep (Campbell Island), 233
Shiia seiboldii, 67

Siltation: large dams, 275; Philippine
rivers, 266, 269
Singapore, environmental management,
259

Sminthopsis spp., 94
Snares Island, 231
Society Islands, 197, 198
Soil characteristics: changes, 274
Soil Conservation Service of New South
Wales, 305
Southern fur seal, see Arctocephalus
forsteri
Southern skua, see Catharactaskua lonnbergi
Speciation: oceanic islands, 209
Sporolithon erythraeum, 249
Spotted harrier, see Circus assimilis
Spotted gum, see Eucalyptus maculata
Sprengelia, 88
Stellaria media, 233
Steller sea cow, see Hydrodamalis gigas
Stilbocarpa polaris, 233
Stilt, see Himantopus himantopus knudseni
Stirlingia abrotanoides, 85
Stirlingia latifolia, 85
Stirlingia simplex, 85
Stirlingia tenuifolia, 85
Stirlingia teretifolia, 85
Stoat, see Mustela erminea
Strigops habroptilus, 107
Stylidium, 87
Succession: degree of, 68
Sundania: definition, 111
Surveys, ground, 10
Sus scrofa, 139, 140
Swamp, freshwater (New Guinea), 125
Swietenia macrophylla, 308
Syma torotoro, 47
Synagraphic Computer Mapping Pro
gram, 19-21
Systems: for decisions and planning: 1112; simulation, 9, 11
Taboos: role in conservation, 211, 217
Taeniopygia guttata, 47
Tahiti: fish, 198
Taft River: pollution, 265
Tanami Wildlife Sanctuary, Northern
Territory, 101, 103
Tarao, see Epinephalus spp.
Tarao Au, see Epinephalus spp.
Tasmanian wolf, see Thylacinus cynocephalus
Tavai Forest Reserve, Sabah, 77
Tawny-breasted honeyeater, see Meliphaga chrysotis

Index
Taxation: in relation to coastal land
use, 294
Threatened species, 258; see also Rare
species
Thylacinus cynocephalus, 94
Timber production (Sabah), 72
Toau, see Lutjanus spp.
Tongariro National Park, New Zealand,
96, 97

Toona australis, 318

Tourism (northern Cambodia), 281
Townsville stylo, see Stylosanth.es humilis
Tree kangaroo, see Dendrolagus spp.
Tregellasia capito, 45
Tregellasia leucops, 47
Trichosurus vulpecula, 93
Trust Territory of the Pacific Islands,
61, 64, 219; Land Cadaster Program,
65

Turbinaria spp., 191

Turtles, 221-2
Tydemannia expeditionis, 189-90
Udotea spp., 192
Ulva fasciata, 184, 185, 195
Ulva reticulata, 184, 185, 194

UN Conference on the Human Environ
ment, 37, 259
UNESCO, 33, 34; Man and the Bio
sphere Program, 215, 296
United States: National Environmental
Protection Act, 295
US Conservation Foundation, 33, 290
US Forest Service, 7, 8, 9
Urbanisation (South-east Asia), 259
Urochloa mosambicensis, 308
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Vectors: canonical, 44-5
Vulpes vulpes, 93
War: effect on island ecosystems, 212,
213, 217, 219
Water: chemical characteristics, 112
Waterfowl: decline in USSR, 178
Water resources (South-east Asia), 257
Watershed management and protection,
257, 309

Weasel, see Mustela nivalis
Weipa, Queensland, 307, 308
Western Australia: area of mining, 299
Wetlands, 316, 317
White-faced robin, see Tregellasia leucops
Wikstroemia spp., 168
Wildlife, 34-5; management in South
east Asia, 257, 278, 280, 281
Willie wagtail, see Rhipidura leucophrys
Wompoo pigeon, see Megaloprepia
magnifica

Woodland (New Guinea), 127
World Wildlife Fund, 34
Yellow-billed kingfisher, see Syma torotoro
Zakazniks, 178
Zapovedniks, 178
Zebra finch, see Taeniopygia guttata

Zircon, 304
Zone: buffer, 69; biogeoclimatic (British
Columbia), 58, 59
Zoning, coastal land, 293
Zoysia japonica, 68, 70

