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FOREWORD

This report is concerned wifh fhe conéervatién.énd the ratioﬁql»use of the-ng-
tural environments, particulafly with those‘aspecps which are ﬁot now receiviqg
major support from ﬁost national go&ernmphpsrbr ;nternational agenciesm.

The emphasis in this repért is first'on-the ec§logical principlés wh;éh

govern the environment apd on which any prbgraﬁhe for rational use mﬁst be based,

‘and secondly on the preservation of environmental quality through appropfiate.atf_

tention to‘aestheﬁic,_sciehtific and recreaticnal va¥ﬁes_of both naturgluaﬁd mah;,-
made léndséapes, inciuding cpn#érvation of'wild épecies aﬂd natural.éommunitigs.

‘It is fecognized that fhe environmentS'bf:tﬁe earth afe qf-valuelxo'man
only as they become available for his §upport, his dirgct use, of for his con~
templation and enjoyment. *Peoplé must first~be‘kept a;ive if-fhey are to fuf-A
ther appreciéte'tb@ir environment; hehée.the ﬁrdduction of food and ofhe} né—
cessities remain; a primary concgrh in consgfvationf

The need for caréful cénSideration and intensive study of conservation

problems and rational use of the environment'dérives largély frpmithe humanfpop‘

i

ulation increase and from the impact 6f~technology 6@ nature. Because of the .

. new dimension of these two fabt%rs, conservation is-néw a global’ problem. World

population as well as production of food and other'commédities,are receiving ma=-
Jor attention in national and international meetings ang‘reports, and will not
be discussed in detail here although they are necessarily cpnsidereq~as part ofv

H

the basic framework for world conservatlon. .
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This reportjis further restriéted in its area of eéph&sis to the terres-
trial environment and its inland waters. Tﬁe oceans which comprise the larger"
ﬁart of the world's surface are éiven approbriate attention in other interna-
tionai reports and'studies. . '

No particular emphasis is placed in this report on pollution, although 1t
~is a major environmental problem.»'A special report on pollution,,prepafed ﬁnder
the leadership of the World Health Organization is being sepérately submitted to
~ the Economic and Sbcial'Counc%l‘of the United Nations.

This report was preparéd in accordance Qith a wish‘expressed by the Econo-
mic and Social Council at‘its 39th session. It is presénted Jointly by FAO and
Unesco. It has been prepared on the basis of a draft submitted, at the request
of Uﬁeéco, by R.F. Dasmann; Senior Associate, The Conservation‘Foﬁndation;'1-
Washington, D.C.  FAO and Unesco wish to record here their sincere thanks to
Mr. Dasmann for the work he has accomplished, They élsp wish to express their
thanks to éhe Conservation Foundation for permitting Mr. Dasmann to undertake
this work. |

~

" The outline of the report was developed with the advice and assistance of

the following individuals: Harold Coolidge and J.P. Harroy (IUCN), Max Nicholson

and E.B. Worthington (IBP), Lee Talbot and F. Raymond Fosberg (TheFSmithsonianv
Institution), Michel Batisse and S. Evteev. (Unesco) and F. Bourlidre (IBP).

VThe text was later completed by contriﬁutioﬂs from FAO, WHO and Unesco. It
was presented for‘comment to the Uneéco Adviéory‘Committee on Natufal Resources
Research'at its second session in June 1967.] The summary and the final edifing
were made by F. Fournier, former director of the Inter*African Bureau for Soils
and presently Unesco consultant. { /

FAO and Unesco wish to express their sincere gratitude to all those who

have contributed to this report.
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The report has been submitted to the ECOSOC Advisory Committee on Scieﬁpe

and Technology at its 8th session heid in October 1967 which offered the follow-

ing comments:

"Phe Committee was in general agreement with the ideas contained in the re-

port and with the associated recommendatiqns_fpr action. In its viéw thé report

constitutes a most commendable effort to analyse and provide a scientific basis:

for. the concept of combining rather ﬁhén opposing the conservatiohvof natural
resources with their rational use. It is the view of the Committee that recoﬁ-
ciling the needs of an ever-expahding world p_opulatidn2 having ever-expanding
requirements in com@odities énd amenities provided by the environment,'with the
maintenance of a sustaingd yleld of resburbéé and a proper quality of_the‘enQi-
ronment is going to be a\aémiggtihg problem in the fofthéoming decadesf,&gp}s

is already much deteriorated, and the developing and "new" countries where the
chances of avolding major erréré appear greatef.

Whiie recognizing that in every country many economic, sociological and fi-

nancial considerations necessarily affect the approaches to this genepal problem,'

the Committee was gratified by the emphasié given in the report.to the fact that,

_ thanks to recent developments in the field of ecology and related subjects such

as climatology, hydrology and pedology, a sclentific approach can now provide a

first basis for\action. Such an approach éhéuld progressively provide a more

objective basis for 'physical planning! in each country and in the land areas of

~the globe as a .whole.

‘The Committee was informed of the preparations for the Intergovernmentai

Conference on Rational Use and Conservation of the Resources of the Blosphere,

i

which Unesco ts convening in‘September 1968, with the participation of the United

thions, FAO and WHO, and in co-operation with fhe International Union fo? the

5



C&nservation’of Nature and the Ipternational Biological Programme. This Confer-

enéé;should, together with theé report under review, constifute a major step for-

ward in informing all countries of present ideas in the sclentific field, and in
formulating proposals for aétio@_atvﬁhe national and international level for bet-
ter use and cohservation of bioiqgicaliresources,x1ncluding their land and wa-

ter supbért;

| The Committée Was-alsb'gratifiéd to ﬁo£e the eXCellehtﬂcoféperation which
was»taking piace.between the various organizations concerned, both in thé-p?ép-
afdtign offthevréboft and for the'organizatioh‘of the Conference. |

| B 'i'hg Comhittee v&aﬁnij cofmends the’ réport to the’ attention of ECOSOC and of
gé&éihmeétsbof Memgef'8t5€e55 and expresses_thefhpﬁe thaf-adeqqgte pafticipation
::df_éipéffé will be enSured.fr?m all'coﬁnﬁriés inVited'b&~Unesco.toithe Bibsphéfe‘

Cbﬁférenéé."t

oy
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I. SUMMARY AND SUGGESTED LINES FOR ACTION

Introduction

This report, presented jointly by Unesco andvFAO, was prépared-in accordance
with the wish expressed by the United Nations Economie and.Social Council.at its
39th session. A first draft was prepared ét Unesco's'request by R.F. Dasmann,
Senior Associzte, The Conservatlion Foundation, Washingfon, D.C. and was subse-
quently amplified by contributions from FAO, WHO, Unesco and by remarks from a
number of speciélists. The report waé presented to the Unesco Ad§isory Commit-
tee én Natural Resources Research, at whose suggestion the summary below has

been prepared to facilitate its examination by the Economic and Social Council.

" FAO and Uneséo wish to express their gratitude to Mr.'Dasmann and to all those

who have assisted in the preparation of the report.

The problem

~ The repért deals with one of the most fundamental problems facinglman: the

preservation of the environment in which he lives and from which he derives his‘
means of subsisténce.

This broblem is vital today when the size of an increasing worid popula-
tion exerts ever greéter pressure on theAenvironment, threatening it with irre-
parable damage and loss in its utilization potential. fThe latter must be res-
pected at all costs. Sﬁch an attitude in no way implies conflict between the
maintenance of the production capital represented by the natural environment and

its intensive exploitation by man. If such were the case, production would have

Y
\
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to be curtailed,_wherees, on the contrary, an increase is absolutely essential.
Censervation of the natural environment must therefore be dynamic and not static.
It implies that the potential of the environnent must be respected 1n any ex- |
ploitation, -which must therefore be "rational.

This principle should be an.integral part of man's cultural heritage and
_he must realize that_only.through its application can he hope'to'attadn the high-

est standards of living.

(NN

In applying this principle, man should takeiinto account not only tbe ele-
ments of the environment on which ne depends tqday for Subsistence, but also
those of seientific, aesthetic, edueational, recreational or other value. In
fact no aspect of his environment should be neglected. |

The problems confronting man differ with the degree of development, the
length or intensity of human occupation and the climate of different countries
“and regions. In highly developed countries, as a'result of technological pro-
gress, the environment has been disturbed and often damaged. In countries con-
tinneusly exploited over a veryilong period, or in densely populated regions,
the original natural environment may even have disappeared almost conpletelya
In the new, developing countries,'or in regions where dense pepulation is reeent,
there is disparity between rapid increase of population and limited eipioitation
of the natural environment. The inevitable’intensification of such exploitation
must not lead to a loss in potential. In all cases, laek of both erganized plan-
ning and control of exploitation is the greatest danger. For example, when ac-
tivities alming at short-term results are undertaken, harmful long—term effects
are often overlooked. Industrial and urban development can, for instance, lead

to excessive encroachment on the natural environment resulting in its destruc-

tion or pollution.

14
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Yet bnly the intensive develophent of resources is compatible with the
needs of modern life. It 1is therefore imperative to plan and control the use of
the resources of the blosphere and any programme of rational exploiltation must
be_founded'on principles arising from modern scientific knowledge.

MODERN SCIENTIFIC CONCEPTS AS ‘A BASIS FOR THE RATIONAL USE

OF THE RESOURCES OF THE BIOSPHERE

These scientific concepts are drawn maiﬁly from ecology, an integrated science
concerned with the study of living creatures in their mutual relationships with
their environment, the biosphere, i.e. that part of the world capable of support-
ing lifé-and including certain parts of'the lithosphere, hydrosphere and atmos-
phere. _

The unit of study of the natural environment is the ecosystem, a zone of
extremely variable size (being perhaps a forest in the midst of cultivated land
or agaln an area of tropical savanna or tundra) but possessing a definite unity\‘
through the complex‘intervelafionghips of 1ts living communities.bétween each
other and witb their physical environment.. ‘ |

It is in the framework of thé ecosystem that man can best comprehend the
effect of his actions, each ecosystem being characterized hy a well-defined spil/
climatq/flofa/fauna‘complex haviné ifs own poteﬂtial for adaptétion and toler-
ancg of change. By maintaining a network of ecosystems for refereﬁce,Amaq can
measure the gain or loss resulting from hiSfactions. The functloning of an eco-
system iﬁvolves a series- of cycles, the first being an energy cycle linked with
the use of solgr.radiation. Man is a éonsumer of energy. ‘He is thus integrated
into thils cycle and becomes a consumption‘factor.; Foremost among all natura;

biological phenomena, human populatlon increase is a fundamental element of the

dynamics of an ecosystem.

15
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Thé ecqsystem furfhermore possesses a water cycle. Allowing for evapora-
tidn, the soll 1s a major element regulating the‘aﬁounts of run-off and percola-
tion. By transforming the soil, man can change this énd lose or gain the water
so essential for hiﬁself, agriculture and 1pdustry. He can also change its
quglity. |

Pinally, the ecosystem possesses a cycle of nutrients, linked to the energy
and water cycles. If life ié to continue on earth, there must be\coﬁstant.ex-
change and contlnuous return of nutrients, with losses kept to a minimum. The
sources of nutrients are soll, atmosphere and Qater. The return of nutrients to
the soil ié‘dependent on agricultural methods. Knowledge of the SOil, of its
management and of its behaviour is thus of foreﬁost importance. :If this cycle
is to remain stable, rational exploitétion'must énsureza balance hetween ex- -

traction and return of nutrients. Essentially this is the problem of scientifi-

cally based fertilization.

i

' -PRACTICAL,CONSEQUENCES OF RATIONAL USE OF THE RESOURCES OF THE
BIOSPHERE BASED ON MODERN SCIENTIFIC PRINCIPLES

Through the ecosystem, the unit of sfudy of‘the naturél enVifonment, flows energy
eﬁtirely dependent on solar radiation. This energy is captured by green plants
and becomes availlable to the higher elements of the ecosystem to which it is
transmitted. Thus 1s estabiished a "nutritional chain" consisting of a series

of organisms where one serves aé food for the next and from which every man daily
draw; the‘2,000’¢alories nece;éary'fof his life. Man must therefore realizg, be-
fore modifying'nutfitional chains in the‘exploitation of his environmeﬁt, thét
" the flow of eﬂergy through them remains the most fUndaméntal'process for the con-
tinuity of life on earth. These resourceé of the biosphere must not be over-

exploited.

16



e

At each moment the ecosystem contains a total quantity of living elements

expressed in weight the biomass. This varies in time and space over the world's

surface since it is linked to temperature and humidity. In the matter of its

use, no parallel can be drawn between the development of the biomass and the in-

crease of the productivity potential i e. the effective use of solar radiation
A heavy blomass may have little value and a light one quite the contrary. To
man, what matters above all is net productivity. He would therefore do well tob
consider and study its limiting factors.. | o |

) An ecosystem constitutes a complex of elements which ‘in natural conditions,
possess a certain balance. But as: man becomes integrated into an environment hs
transforms and simplifies 1t by exploiting it. He is thus responsible for a modi-~
fication in the original balance. Monoculture, for example;'causes a recrudes-
cence of crop'pests. wMan:must therefore make an overall assessment and‘establish
a new balance if he wishes to. make rational use of the resources of the biosphere.

These needs are equally important when considering the adaptability of eco~

systems. The latter,“when utilized may be capable of recovery after abusive ex-

v

ploitation, but to a varied extent according to climatic ‘and biological factors

The most favourable situation occurs when these factors are balanced If one or

the other dominates, the durability of the exploited ecosystem diminishes.

When the ecosystem 1s utilized the main change 1is usually introduced by.
man. This is at any rate almost always the case in agriculture being less true
for animal husbandry and less still for forestry. A specific policy must be '

adopted in each case, and this is the task which man must undertake.

THE SlTUATION WITH REGARD TO INTERNATIONAL ACTION "

The attention of international organizations was early directed to the problem of

the rational use and conservation of the resources of the biosphere, in view of

its acuteness eveiywhere in the world. )
_ 17
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Ail the activities of FAO are aimed at an Increase of agricultural produc-
tion having a rafional basis to ensure continuity of yleld. With the Indicative

World Plan for the Development of Agriculture, this organization is trying to as-

sess and clarify the agricultural forestry and fishing aspects of the urgent

need to increase production to palliate the growing demands of an ever larger

s

world population.

FA01,WMO and Unesco have undertaken'joint regional aggoclimatological \e

G

studies (West Africa, Near East).

FAQ_and Unesco are Jointly drawing up an inventory of the world'!'s soils

with the World Soil Map at a scale of 1:5,000,000.

Unesco has launched the International Hydrological Decade as a major con-

tribution to the study of water resources.
All Unesco'!s aetivities in the field,of'research on'naturai resources are
aimed to provide the scientific bases necessary for the rational use of resources.
| In addition, Unesco provides cbnstantﬁsupport for the activities of the-

International Union for the Conservation of Nature and Natural Resources, as well

as for the Internatlonal Biologtcal Programme which is making important progress

in evaluating the world!s blological resources and the research necessary for

their cohservafion.

fs

Finally, WHO 1s making a special study'of Qellutioh problems, on thch it
has drawﬂ ub aAreport in collaboration with the other Specialized Agencies for |
submission to thie session of ECOSOC. Many organizations are‘work{ng parallel
with the United Nations Specialized Agencies on the problem of the rational use
Vand conservation of the resources,of,the'biosphere, in view of its impoffance

to humanity.
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~ FUTURE ACTIVITIES -OF INTERNATIONAL ORGANIZATIONS

The report shows that a great deal still remains to be done, at both national

and international levels. It is clear that the specialized institutions con-

_cerned must draw up a bold programme of action for the planning and control of

the use of the resources of the biosphere, wlth the basic studlies and prepara-
tion for the required, action, working on four levels:
scientific; institutional; educational; legislative.

Sciéntific action

This should aim:

To recognize which branches of science and technology have a beériﬁg on

the elements of the environment, their interaction and their use; 1p ofderh

to provide a scientific basis for the planning and control of the use of
( .

the resources of the blosphere. This planning must lead to the integrated

use of natural resources to ensure a continuous yield from the binghere;

To establish which factérs should be analysed.aﬁd chosen in the 1htegrated

- utilization of natural resources. 'These will be found through:
survey and inventory of factors constituting the envirénment;
knowledge of the factors of the environment, the phenomena and pro-~
cesses typlifylng them, the Interrelationships between them, and
their potentialities. |

_ In this context, these factors become esséntiél’for plannihg.

To establish, during the study of each environmehtal'factorfihe best.crif

teria regarding possible choices wherever they apply to:
o water; | a
land; -
vegetation;

animals.



_To introduce into studiles the idea of assessment;.because In dealing with
. water, soll, vegetation or animals, man must meke every effort to main-

tain a proper balance in nature.

To establish rules for land‘management,which lead toftheudefinition of
- .zones useful to man: |
~ natural or sclentific reserves, parks, relaxation and recreation
zones; | |
zones of aesthétié and intellectual value;
agricultural zones, for'égriculture, foreétry or animal husbandry;
’1ndustrial'and urban‘zqneé.u
Management must have a scientific basis,Aespécially where;yater ang.nutri-
ents are concerned. . This should bé achieved through the study of loésqs and cal-
culation‘of,the return- or the additiéns necessary to maintain productivity. The
necessity of maintaining the quality of the environment and of‘avoiding its pol-

lution should also be taken: into account.

To show how the study of solls, climate and reguirements. of vegetation and

animals, enables the whole range of potential uses of ecosystems to be de-

termined, émong~which econOmists.and sociologiét5~with the help of sclen-
tists,. will have to make a choice when drawing up management plans.

" To promote new research, to fill in major gaps still existing in the sci-

entific knowledge needed forithe ratiénal use of natural resources.

Insiitgﬁional~action

No one human brain can envisage the'ﬁultiple.gspects_of so huge an enterprise as
the planning of the exploitation of natural resources.. This must. be done, on |
national and international 1eveis, by appropriate éssociations and multidisci-
plinary bodies ﬁithin which interdisciplinary studies leading to 1ntegratéd

planning of resources and management of territories will evolve.

20

(€ N


http://must.be

“,

-within the different disciplines and interdisciplinary fieldsr

A R S e I s

Educational action '

s

Rational exploitation of the resources of the biosphere cannot be realized with-
out full co-operation from the population. It is therefore necessary to fight

the ignorance'still existing and awaken,attitudes of mind. International bodies

and information and popularization centres must make every effort to inform pub-

lic opinion.

.Education:‘at,primary as well‘as secondari,and university levels, is the
basic means to influence ways of thinking. -Instruction in.rational use of natu-
ral resources for‘their.preserrationsshould be eVolved:

lf.there enistsban:infrastructure.forAthe-promotion‘of the rational use of

the resources of the.biosphere, §pecialists and technicians must be trained, both

Legislati#e action

SRR

Such activities can only succeed 1f there are means to carry them out For this

reason, appropriate legislation has to be established and adapted according to

the different ecological zones of the world.

Simultaneously with all these activities, international organizations must

bring home to governments the fact that w1thin their national frontiers they pos-

sess irreplaceable treasures and above all they have the means that would ensure

their subsistence. They must protect these from the loss of potential 1in the

biosphere Which would resnlt from haphazard exploitation techniquesi The Inter-

governmental Conference of.Egperts on the Scientific Basis for Rational Use and

Conservation of the Resources of the Biosphere, which will be convened in Paris

Coa g

in September'i968 by Unesco, should keep this as.a major objective, as well as

alming at establishing the bases of a programme of longer-term action.
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 FUTURE' ACTION OF GOVERNMENTS
-d;vérnments must feélize the necessity of planning and controlling the use o? the
feéources-of~the biospheré, basing their action on the principles reveéled by -
'quérﬂ science. Thelr action should be in the framework already outlined.

'On the scientific level: |

To assess the knowledge they have acqutfed and'share it so that the

.geheral principles governing the rational use of environment may be
known all over the world.

To_increase their knowiegge through research, so as to be fully in-

foermed on the problems set by the exploitation of their resources,
with the aim'of maintalning production at the highest level of quan-

tity and quality.

Tofdevelob ideas useful for the rationsl developmeﬁt of.their ter-
ritory, in partiéﬁlar by establishiné scientific.and soclo-economic
cfiteria‘enabling the potential use of different zones to be defiﬁed
as welf‘as the obligations iﬁ&olvad in their exploitation. |

On the institutional level:

- To create national bodies with the task of promoting and applying

(on both adminiétrative and.SCientificileveis) é policy of rational
use of resources in the framework of rafionél deveiopment of the ter-
ritory._;This action should lgad to a situafion favouring increased
ecpnomic‘develoﬁﬁént.A

On the educational level:

', To_increase the;popﬁlation's awareness of rational exploitation and

preservation of their environment.

To introfuce suitable curricula at all levels of education.
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To train specialists and technicians capable of applying the desired -

' policy, notably through the creation of interdisciplinary research
and training establishments.
On the legislative level:

To pass laws enabling the country.to promote rational exploitation

and conservation of resources of the biosphere, and to colléborate

with neighbouring countries in the case of common resources. -
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II. INTRODUCTION

A. THE REILEVANCE OF CONSERVATION

1. Conservation defined

aConservation can be defined‘as the rational use of thebearth's resources
to achieve the highest quality of 1iv1ng for mankind Since people are diverse
in their wants and aspirations, an agreement on what constitutes quality of liv-
ing cannot be expected. Conservation therefore involves the maintenance of the
widest practicable diversityvin both natnral and man-made environments to pro-
vide for a maximum variety in potential ways of 1iving for humanity, recognizing

that man and his material needs will be dominant ecological factors. Diversity

,in 1tself has biological value. Through retention of diver51ty, deterioration of

the envirenment can be retarded and stability can be maintained under the stress

of-human treatment.
Conservation has in the past often been equated with efforts to preserve

wlld nature. This 1is indeed essential to the maintenance of diversity in the hu-

man environment but it is only a part of the activities of modern conservation.

Conservation includes also the imaginative, creative use of land and other re-

sources to blend natural with man-made elements of the environment in the forma-

tion of stable, productive and beautiful landscapes and cityscapes forvhuman use
and enjoyment.

2. Historical background for conservation

Conservation is not a new phenomenon, but has its roots in the earliest at-

'

titudes of primitive people toward land nature and thelir own cultures and in
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man'svdeepest’aspirations toward creating for himself a secure and pleasant'en-
vironment. Although many of man's activities have proved destructive of his own
environment, this destructlon has been 1in most past instances an unforeseen and

v

inevitable consequence of ignorance of environmental relationships. Man was not

formerly endowed with efficient tools that could make rapid, far reaching and ir-

reversible changes in his environment. Far reaching changes there certainly were,
as with the upland open pine férést ciimax_of South East Asia which is thought to
have been 1nduced byvshifting cultivation on a long'rotatién; but this was a
slow édaptation to man as an ecological agent comparable with the r8le of éraz-
ing animals in natural grassland. Today the immediate conéequeﬁces of man's ac-
tivities'may be more accurately predictable but ecohomics and technology set up

a chain reaction with less predictable.long-term effec%s. Therg is even iess_ex-
cuse for igﬂorance.

Measures to guarantee the preservation pf fores£5»and wildlife may be found
among the early historical records of mankind} Efforts to stabilizevagricultﬁre
through proper care pf the land are in evideﬁce from early Neélithic times. In
many places on earth a high degree of stability and productivity was achieved on
agricultural lands in the distant past. One need oﬁly cdmpare the h;ghlj stable

terrace agriculture of the Inca with the destructive use of similar lands by their

Peruvian descendants to realize how much conservation knowledge has been lost from.

theilr culture. In Southern China, the Nile Valley of Egypt and other long-settled
‘areas sound agricultural conservation has been practised over thousands pf years.
The modern renewal of conservation activities is largely a Twentleth cen-
tury phenomenon; Whereas mdre'primiﬁive conservation sought to adjﬁst the im-
pact upon land and nature of reiétively small numbers of men using firé, the
plough, the axe énd the spear; modern conservation is concerned with gréatly

increased human populations using more destructive implements -~ the hullddzef,
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the internal-combustion engine, toxic chemicals and structures of concrete and

steel - and seeks. to adjust thelr uses to the ecologlcal realities of the human

environment.

We must therefore recognize three distinct but interrelated aspects of the

conservation of man's environment:

(1)

(11)

(1i1)

In the first place there 1s what may be called logistlc conserva-

tion, relating principally to such non-renewable resources as ores,‘

coal, oil, etc., which must not be improvidently consumed. It may

‘ possibly include also land and water resources that should be re-

served for future settlement and use.
The renewable resources of the human habltat require production

conservation to supportvthe material needs of the human population

and provide not so much an immediate economic profit, but a healthy
diet and an acceptable standafd of living. Neither of these are

now, or have been in the past, assured‘to man although his numbers
have been restricfed by the Malthusian controls of miseryiénd diﬁ
sease. Oniy with prudent use and careful~plaﬁning can the world's
resources for agriéulture; forestry and fisheries support sustalned
yields gt the levels that will be required in the foreseeable future.
Thé natural eﬁvironment, wholly or partially unmodified by human ac-
tivity, remains an inheritance of incalcdlable aesthetic and scien-
tific value and a balancing factor in the ecology of man'!s changing

habitat. Its survival, togethér with its irreplaqeable flora and

. fauna, calls for urgent measures of environmental and amenity con-

servation to which all measures of rural and urban dévelopment must

" be reéonciled. S ' N
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The present report develops concepts arising primarily from the latter
category of conservation, although it seeks to relate productivity to amenity
and manfs physical sufvivai to the survival of the ecosystem of which he is

a part.

3.  Conservation an integral part of culture
Conservation is not a luxury, but an 1ntegral'part of man!s cultural re-
lationship with his environment. Without 1t agricultural soils would wash or ¢

blow away, forests would be destroyed without replacement, wildlife would dis-

»

appear, rangelands would become desert, aﬂd man would destroy his own means for
existence. Much that is best in cqnservatioﬂ 1s known by.other names since it
has become an accepted and normal part of cultural practicg. Thus, if conser-
vation, in the broadest sense, were to cease to exist today;»it would have to be
created anew tomofrow. The alternative to conservation is,de§fructton>of the

human environment.

4. The concept, of pational use

Conservation is defined in part as rational use. Rational use takes the
'futufe into account through planning and appiication of the knowle@ge that is
ayailablg to man's use of natural fesources.' In non-rational uée»there is an
absence of long—rgnge planning. Shorf-term,expgdiency_prgvails, or avallable
kno;ledge is ignored. Thus 1t is Aon-rationalvto clear a pro&uctjve forest from
a hillside to make way forvonly a few sparse crops of»maize before sotl and fer-
tility are lost. It isvnon-ratiopal to overstock a pasture and pqnvert produc-
tive grassland into desert. It is,non-ratiqnal to destrpy priceless natural
communities and wild species to allqw marginal exfension of farming, or an un-
planned spread of urbanization. Unfortunately, what is non-raﬁiqnal for society
in the iong run may be rational for the individual or for.the'shért-term goﬁls

of soclety. A sheepowner may garner immense profits from changing pasture-land
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to-desert; a land speculatbr profits from urban sprawl. Soclety, however, suf-
fers, ahd it is upon society that the burden of control must fall.

5. Quality of living

An optimum existence for one people or culture may be intolerable to an-
other. The confirmed urbanite may not want wild country in his environment; the
farmer may detest cities. No one Utopia can. please all men. The goal of con-
servation is to provide for a "high quality of living" by maintaining diversity
in -the énvironment, leaving rbom forxmany ways of life, keeping always open the
doorway for future change..

‘Undue-emphaéis upon quantity of production, with its usual accompaniments
of standardization and uniformity‘in the means of production, can destroy diver-
sity and quality in the environment; To‘a degree, emphasis upon quantity;is es~
sential, since human needs must be satlsfled. Beyond this point, however, fur-
thér'gains in quantity can only come with extreme sacrifice in natural diversity.
Carried to a logical ‘end, continued emphasis upon.production of neceésities could
ledd to a subsistence existence for a maximum number of people, with all resour-
ces harnessed and no opportunity for future éhange without catastrophe; Such an
existence would be precarious and subject‘to catastropheé. Conservation seeks
to channel development in ways that will still preser?e a rich and varied habitat
for‘man, one in which there 1s room for standards of living that are‘materially,

infellectually and spiritually of high quality.

6. Commodity versus non-commodity values

The sustained productioh of commodities necessary to man must usually have

first priority on lahds best suited fo such uses. In any region, however, con-

sidgration must’also_be glven to the non-commodity uses of land. These will in-

clude the protection or development of Qarious scientific, aesthetic, educatibnal,

recreational and other culturdl values. They may add little immedilate increment

[y
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to the gross national product, but in the lgng run thelr values will be higher
than those that could be ga{ﬁed by full use of all‘lands for commodity purposes.
Indeed such uses may prove essential if the'production of commodities and if hu-
man life is to be permanehtly sustained. On many laﬁds the values éf commodity
production may be achieved while non-commodity values are also pbotected.- Well-
planned cities will include parks which serve for human recreation and as habi-
taté for some wild plants and animals. Productive forests can also serve as
homes for wildlife, sites for recreation, and as sources for pure water. Since
land capability varies widely it is seldom that one use need prevail over any
broad area to the éxclusion of all others. Thus:even a strict.natural*reserve,
set aside primarily for scientificAstudy, can serve limited eduéatioﬁal and re-
creational purposes. It will also by its nature contribute to land and water-

shed stability.

T. ~ Blotie and mineral resources

The primary concern of conservation today is with the protection and use
of the living resources of the earth and the soils, water‘and atmosphere that are
needed for their support. The use of mineral resourceé and fossil fuels, except
to the degree that these influence conservation of biotic resources, have now be-
come basically technological questions and are not considered to be within the .

scope of this report.

‘Be THE PLIGHT OF HUMANITY

1. Population pressure and deterioration of environment
Throughout much of the world today the hﬁman environment is suffering from
varying degrees of deterioration. This results from increases in the numbers of

- people, particularly those living at low standards of material prosperity, from

the impact of an unplanned, or'poorly planned, expansion of industrial technology,

and from a.failure_to understand the realities of the environment. A difference
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in both the degree and the nature of deterioration of the environment is found
between developing nations of the world and those that have achieved a high level
of technological advancement.

a. Developing nations

In most parts of ‘the developing world a rapid increase in population, to-
gether with a growing dissatisfaction with the 1imited material rewards of sub-
sistence agriculture, has led to én increasing pressure on the land both for
food and for marketable crops. Almost invariably this ihcreased demand has been
accompanied by little or no advance in agrlcultural technology or a sufficiently
rapid growth in non-agricultural employment. Both the rate and. extent of envi-

ronmental deterioration has been great; forests and range land have been impov-

~erished or destroyed, while the extension of cultivation to more marginal areas

lowers average yields and promotes erosion. For all this loss there is little
imbrovement in standards of living.

Traditioﬁal agriquitural methods are often ili-adapted to the more res-
tricted area avallable to £he individual cultivator, or to the effective use of
kinds of land other than those formerly cultivated. The prevailing low level of
education and the lack of both advisory per§onnel and the econbmic opportunity
to profit by example frustrate attempts to Introduce appropriate changes in land
use énd agricultural-method that might otherwise meet the need for higher-levels
of production.

These.difficulties are equally apparent in long civilized and densely popﬁ-
lated countries such as India, which some would call "over developed", and in
newer, more sparsely populated countries such as Brazil. Both call for revolu~
tionary advaﬁces-in agficultural methods as well as the conservation of natural

resources. In the latter there is certalnly more room for manoceuvre and a pros-

pect of providing high qﬁality living within the relatively near future.
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b. Developed nations’

In technologically advanced nations, commodity prodﬁction is usualiy ade~
quate to meet the needs of the human population. This relatively high economic
level %s achieved by the processes of 1ndu$trialization,.urbanization and a high
‘level, of public education including training of technical and-professional:man-
power. However, in most of these nations the long-term effects of technological
chéngé are seldom adequately'undérstood or accommodated. Cities sprawl over
countryside and in doing so destroy spacé that could best be used for other pur-

~
poses. Pollution of ‘the environmentlhas become a world-wide problem. bld cul-
tural.patterns havg.broken'dbwn.and people have found in;dequateAsubstitutes to
take their place; Increasing leisure.and material prosperity result in pressures
upon ‘the countryside by people seeking recreation and open space;  pressures that

often destroy the amenities that tle people are seek.ng. .

., "©. -Lack of planning and control -- '

,5-£ In bOthudeveloping'and,developed‘ngtionsfa»Iack of planning_fér rational
use -of the environment'is.usually-apparent, or where planning may exist, a lack
of its impleméntation. Et'fective ccntrol over hpman_use-of the environment is
obviously lécking. Ends are confused with means and the long-term géals toward
which a people might rationally strive are 6verridden by téchniques used to
achieve short-term relief from immedlate dilemmas.. In almqst all areas there is
a continuing need for research to éroduce the knowledge required for rational use
of natural resources and for the understanding of human behaviour.

2. Long~term values and short-term gains

a. The humid troples - ' : -

The sacrifice of long-term values for short-term needs is often apparent
in the‘exploitation-of tropical forest land. Under proper managemenf these for-

ests could supply a continuing yield of useful products, provide a refuge for .
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wildlife, refain soil and watershed stability and contribute other values to so-
ciety. Yet from 100 to 200 million of the world's popﬁlation deﬁend for their
food.on the practice of shifting cultivation which may, indeed, be regarded as
an element in,thé forest ecology where the period of rotation is'sufficiently
long and soils, slopes and climate sufficieﬁtiy favourable to allow the regen-
eration of the}fofest cover.

Too often, however, the increasing density of populationlshortens the pe-

riod of rotation beyond the critical point of forest regeneration and obliges

the people to extend the practice to unstable slopes and zones of marginal rain-

fall where regeneratioﬁ is -‘even more hazardous. Loss of fertility, soll erosion,
laterizatlion and other processes ensue which may prevent.any recovery of the. .

site after its abgndpnment. This process may be observed throughout thg&propics

Ty

long been of major copgqqp.':Aubrevillevestimated in 1950 that 40 per cent of

the tropical foresthépggéin_AfriCa*had'been cleéréd of primary forest -and in

Nigeria 74 per cen§,;}Rp§tlunq in 1955 estimated that 40 per cent of the. forests

in Brazil had been cleared; here the production of export crops such as coffee
is as much to blame as subsistence agriculture. Thus, -values that could have
be;n maintained throughout the foreseeable future arée sacrificed for Shdrt-
term needs.

Only limited areas in the humid tropics are suited fo simple systems’of
s£able sedentary agricultﬁre. These are the soils of alluvial plains‘and val-
leys, especially where the aliu§ium'is derived -from baéic rocks, volcanic soils
and soils on slopes where the parént,material ié.basic; nutrients are released

by weathering as fast as the leached .surface soil is removed by the normal pro-

cess of erosion. Many trépical soils are, however, highly responsive, to appro-

priate.combinations 6f agricultural practice, including irrigation, crop
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rotations and the use of fertilizers, which applied together lead to the develop-
ment of arable soils of greafer po;ential productivity, than the natural soils of
thé pfimary foregt; Much research is still needed to perfect sugh agrlcultural
systéms and their introduction and'general édoption musf bé a slow process. It
}s'in;the planned dévelopment of limited areas for a truly productive agrlcul-
ture that the prospect lies of<meeting human needs While conserving the natural
resources -as a whole and preserving some part bf the original environment with

its living heritage.

b. Semi-arild grazing land )
.In many ,areas of the world, inéluding both developed and éeveloping na-
tions, semi-arid grazing lands are beilng effectively aestroyed at a rate that
 appears to be accelerating. The process of conversion of‘productiQe-land to
desert-like wasteland may be observed on most\continents. It is most marked
afound the edges of the Sahara and the deserts oflSouth Western' Asia, but can
be observed also in Australla and in the WeStern United States, where in the
1930's the Forest Service estimated that the carrying capacity of range-lands-
‘had already been reduced 50 per cent as a consequence of mismanagement.\ In
Libya, F.D. Larson estimated in 1957 that the rate of erosion and destruétive
use of range;land had accelérated during the preceding quarter-century, -Under
proper management such laqu could yield a necessarily limited, but continuing
supply of meat and other products from aqimal populations, either wild or dom-
~estle. In‘éome areas, éuch'as East Africa and Rhodeéia, a wild animal resource
of mofe value to man is destroyed to permit its replacement by a less valuable
domestic animal resource. Over wlde areas mismanagement gf either domestic or
willd. animals results in overstocking,_overgrazing, déstruetion'of the vegetation,

loss of soil and-interference with the hydrologic cycle. The damage done may be

virtually permanent in its effects. A few owners of domestic animals may receive
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~ high short-term profits by the mining of a plant-and-soil resource that could

otherwlse yield long-term benefits to the many. vanwledge of how to manage such
lands is often available to govermment agencies in the countries involved. Ef-
fective application of this knowledge and effective control over land use are

almost always lacking.

c. Loss of irreplaceables

In both.of the above examples a higﬁly valuable resource is Qestroyed by
lsck'sf planning‘and‘control and the failure to apply sound principles of land
management. Productive soills are virtually lrreplaceable resources. When tﬁey
are lost through accelerated erosion, 1t is difficult to acpieve within economi-
cally meaningful time'periods a restoration of the productivity of the land. Of
equal conéern, however, 1s the loss of scientifically priceless and aesthetically
valuable resources in order to gaiﬁ some additional increment of commodity bro-
duction. Exsmples of>this may be seen in most nations of the world. Thsre is
an obvious scientifip neéd to pressrve represeﬁtative samples of all naturally
occurring plant-animal communities with the wild species that occur within them.
There is an e&er-growing need to preserve areas of outdoor open-space for their
recreational and aesthetic appeal even ﬁhere widespread appreciation of thése
values has yet to be developed..‘Logically'such areas should be in thensites
that have the,highest biblogicsl or scenic attractiveness and need not subtract
substantially-from landsbﬁeeded for crop production. Such areas can be consid-
ered irrepiaceable‘assets to a nation. Yst;'through lack of adequate land-use
planning and control they are often sacrificed to obtain a'smali’econbmic inere-
ment in additional crop yleld, yleld of forest products,vwater power, urban
water supply, or other commodity that could be prbduced as well in some other

area. The continuing destruction of California's primeval redwood forests to

.add a small Increment to the nation's timber supply is an example of this process.
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3.  The consequences of urban-industrial growth

a. Inadequate planning
Many ﬁations of the world'are seeking the economic benefits to be deri&ed
from an industrial economy and the apﬁlication of modern technology to commodity
production. However; those natigﬁs with thevmost advanced industrial technolo-
gies find themselves in an ever-growing dilemma resulting from failure to adapt
the industrial technology to the ecological realities of the environment.
Thfoughout the world, urbanization is occurring to a dégree not equalled in any
previous period. Yet the quality'of living everywhere suffers from faillure to
develop new ufbaanatterns to meet the needé of Eities which differ both quanti-
tatively and qualitatively from those in the pasf. | | \
Most‘nations are in a state of coﬁfliét betweén'the demand‘fqr land for -
urban-industrial useé,and the more traditional démands for agricultural, fores-
try, fisheries; recreation spaée aﬁd open-space amenity uses. Most industrially—
advanced hatioﬁs are caught in a mesh of inefficiency and frustration by failure-
to plan adequately for the transportation of vast numbers of peoples and mate-
riéls{ The misfakeé of the advanced nations are being copied ahd repeated by
many of the now developing natilons. Unplaﬁned spread of urban areas and £heir
associated highways, airfield anh‘industries, threatens the loss of both neces-
sities for iiving and- amenities which make liviné worthwhile. '

- Lack of kﬁowledge of the interests énd requirements of culturally differ-
ent groups within nations often results ip the creation of man-made environmenté
that fail to provide a satisfactory'life for their inhabitants; fPeoﬁle move
from furél to urban areas only to find a stili less satisfactory way of life in

. the cities. Populations displaced by technological change are often unable to

.adjust to new,environments. Research needed to supply this knowledge of human

' needs is generally neglected. - .
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b. Pollution

Most nations suffer:to a gféater or lesser degree from pollﬁtion of tﬁé
environment, air, wgter_and land, by the products or by-products éf én urban-
induétrial technology. Thus the prospect of ihcreasing agricultural production
through application of chemical pesticides has resulted in a widespread misuse
of these mateqials. Misused, these chemicals not only fail to'coﬁtrol the pests
at which they are directed, but set in motion biological cycles that result in
even more severe pest problems. An example is the fire ant control  programme. in
the South Western United States. Two and a half million acres were aerially
sprayed in 1957-1958 with dieldrin and heptachlor to control the fire ant.
Wildlife populations were destroyed in some areas; outbreaks of other insect

pests were initiated; the fire ant was not eradicated. Misused, some pesti-

ERRPPISEN
Y

cides will act as generai biocides‘destroying valuable organisms and thréaten-
ing the extinction of less common species of wild animal life. Thus in iépan
the firefly has beeﬁ virtually eliminated and populations of the Japénesegstork
and Japanese ibis have been brought near extinction as a consequence of heavy
use pf pesticides. Misused, these chemicals spread by water or air to areas far
beydnd those fof which they were intended and their effects becomé nétva.local

but a world problem. . Thus DDT has appeared In the tissues of animals in the

: Antafctic, Similarly, serious problems threaten from fhe unplanned séread'of
the by-products of both peaceful and warlike uses of atomic energy, which can
poliute all environments.

The by—produc£s of industry and the effluent from dense human populations’
have created pollution that at present causes a severe loss‘of environmental
amenities and threatens thé health of péople. In meny instances the correction

~ of these problems will be far more expensive than their prevention would have

been, yet the conditions that create pollution are allowed to. increase.and
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bspread. Some level of pollution is perhaps unavoidable if we are to have the
economic benefits of urban-industrial civilization with our preseﬁt state of
knowledge. Much pollution, howe%er, represents failure to put'ihto practice
knéwledge that is available, such as the insﬁallation of pollution controi de-
‘ vices on automobiles and failure to adapt our uses of the’en&ironment to its
physical and biological néture.

c. The interrelationships of the environment

A world programme for conservation through rational use of the environ-
menf.would seek to find ways by which humanity could emerge from thoéé predica-
ments that result from inadequate knowledge, inadequate planning and inadéquate
control ‘for uses of the world's lands, waters and- other resoﬁrces. Such a pro-
gramme would neceséérily be éohcerned‘with the use of all lands and the distri-
bution of people and of their activities. The eniire spectrum of iand use from
urbanized areas to remote wilderness would need to be considered since it can
be demonstrated that occurrences in one area ﬁill often have effects upon almost
all others. Improper planning for life in cities can have its cohsequences upon

wild lands. Improper planning for wild lands will have its consequences. upon

the quality of living within dities.

(1) Urban sysfems: A modern industrial ﬁetropolis such as San Francisco
illustrates the exteﬁt to which'the human environment has become intricately
interwoven. This city draws its water supply from forested mountains hundreds
of ﬁiles away. . The state of 1and'management on these watersheds determipes the
éuantity and‘quality of water provided to the urbah populétion.and the cost‘of

processing the water to make it suitable for its many urban-industrial uses.

Flowing through the city this water and the water derived from local precipita-

éion; picks up wastes and pollutants, and upon reaching the bay or ocean will

affect both-the variety and ébundance of aquaticvlife that can be supported in
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“thousands of square miles.

_these areas. Thus a city that occupies less than 50 square miles depends. upon

and has effécts upon, through its water usages alone,7an area thatvéovefé many
The food supply for fhis city is drawn not just from its own agriquliﬁral
hinterland, but from all of the continents of the world.‘ The land-use praptices
of Asia, Africa, the Americas?‘EUrope and Australia all affect the supply, qUai;
i1ty and costs of the'fodd imported. Tﬁe existence of this and other urban im-
port centres in turn affect the demands placed upon the land and resources of
continental areés thousands of miles removed from these ceﬁtres of consumption.
Movement of people and supplies to and from this clty requires tfaﬁsportapion
networks that influence all the iands through which they pass, over thousands of
miles. People from the. city pdur out into thé countryside.op wegk-ends,and'holi-
days and exert direct pressure upon landé at great distances:from the . urban
centre. Recgeationél demands‘alone may determiné the useé to which lands are

put on distant seacoasts, mountains, or other areas sought after by people seek-

~ing change from the conditions of urban existence. Thus the effects of.one mod-

ern, metropolitan city, are felt ultimately in areas oVef the entire world.

The urban'énd industrial_ceptres in develaping countries ma& extend their
influence over a smaller surrounding.éréa, but because(they concentrate the de-
mand for such commodities as meat,'milk,,timber and fuel theﬁ may provoke an
even more Sserious threat to the.conServation of the local environr_nenﬁ7 In the
arid or semi-arid lands of WesternlA;ia this ufban‘demand has long aggravated 
the evils that arise‘from wood cuﬁﬁing and over-grazing. The remedy lies in the
more intensive use of those.10cai resodrées that are beést adapted to sﬁstain
this- level of production, gﬁé cbncenﬁrated deménd providing an economic incen-
fivé for the greater investmeﬁt required. 1In Westérn Aéia fodder crops can be

grown under irrigation ﬁo subport modern dairy industries and fatten battle and
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éheep drawn from more distant fahges,.while irrigated forest plantations can bet~
ter meet the demandvfor timber if not for fugl; At present, irrigated agricul-
turé often follows an extensive fathef than an intensive pattern, making only a
partial use of the avallable water supply and with much of the land under cere-
als and fallow.

(2) Wild-land systems: Far from the cilties, In areas of land that are

stiii little modified by man a similar network of relationships may be observed.
A forested mountain érea will be 1nfluenced by atmospheric conditions determined
b& the’relationships of suhlight, air and seawater in soﬁe remote ocean. The
build up of convectional currents in the local atmosphere can result in lightning
that strikes dry forést fuels. Fire may spréad and.destroy the forest cover.
Habitats that supported a rich variety ?f fofest wildlife will be destroyed and.
»forces that will create a differen£~kind of habitat for other species of animals
sef in motion. Vegetation-soll relationships wil} be upset. - Rain‘falling upon
the_previously forested watershed can remove soil énd cause both flashfldods in
the vélleys below and the deposit of silt and debris in reservoirs intended for
urban ﬁater supplies. Insects that breed‘in the'déad vegetation left by fire
may spreéd out to damage forests iﬁ areas man& miles distant. Wildlife popula—
" tions of species adapted to the.kind\pf vegetation that will repl;ce forest on
burned areas'could increase to high numbers and perhaps descend upon agricul-
tural crops in valleys below. Thu§ local coﬁéitions are determined by factorsi
operating'in remote areas and can in turn ha&e their effects upbn regions weil
removed from thé boundaries of the‘forest originally involved. Co o
Man!s éﬁtivities increase the degree of interaction. No area of land
serves onl& one human hu}pbg;."A dééigkon'to’use a wild land area for a speci-
fic human objective 1n’tﬁfh(affecté other posgible'human uses 6f the iand and -
may in turn hé;égéffécts upon naturﬁi pfdces;eé that extend far béyond
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comprehension or intention of the local land users. :Thus, in planning for hu-~
man use of the land, it is essential to consider not just the immedigte costs
and benefits involved in harvesting a timber crop (for example) but all of the
indirect costs, benefits and values that become involved in that decision: the
effect upon the sclentific values represented by an undisturbed‘natural area,
the effect upon possible recreation ﬁses of the land, the effect upon wild ani-
mal life and a recognition of its many values to mankind, the effect upon soil
stabiiity and feftility, upon the hydrology of the watershed, and so on. Any:
less comprehensive evaluétions can result in major errors ip land use decisions.
Each area of land involves many strands of a gomplex web of environmental rela-~

tionShips. The cutting of ény strand can affect the entire network.
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III. ECOLOGY AND RATIONAL USE OF THE ENVIRONMENT

A. ECOLOGY DEFINED _ \
Ecology is_an integrating science concerned with the study of living things

in their relationships with their environment. In particular it is concerned

t

~with populations and communities of living organisms. Their environment includes

both other 1iv1ng things and the physical environment of energy, atmésphere, wa=
ter, soil and rocks. Since the conservation and rational use of biotic resoﬁfces
requires an understanding(of their eﬁvironméntal relationships, ecology forms a
scientifié basis for these human activities. Since man must coexist with and is
himself an integral part of a physical and biotic environment, ecology forms one»
kind of scieptific basis for understanding man's rSle on earth. »

Ecqloéy takes no precedence over other scientific disciplines. 'Sincé it is
by 1its natuﬁe an integrating science it depends upon other disciplines for basic
data and principles to be applied to the interpretati6n of environmental relation-
ships. Ecologists necessarily use the techniques and theories of physics, chem-
istry, the earth.sciences, biology and behavioural sciences in their studies of
the intefactions between organisms and énvironmenﬁ. The laws of thermo-dynamics,

for example, derived by physicists, provide a basils for interpreting energy flow

through the biotic communities that are the concern of ecologists.
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B. THE BIOSPHERE CONCEPT
1. Definition
All life on eartn is confined to and dependent upon a thin film of air,

(1)

soil andbwater known as the blosphere. This outer shell of the earth, ccm-.
posing the upper few feet of soil and rock surface on the continents, the waters
of the land and the oceans and the lower levels of the earth's atmosphere, 1s
the region in which interactions occur between the enenéy provided by sunlight
and the chemical materials of the earth. These interactions make possible the
existence of 1life and determine the nature of the many kinds of environments
that exist on the surface of the earth. .

2. Man'!s changing r8le in the biosphere

A review of human evolution reveals man sterting ﬁith_a small and incon-
spicuous r61e in the blosphere as one of several primate species occupyling a
limited area in the old;norld tropies. His effects upon his enVironment were no
greater than those of other wild animals. His'depenaence npon it was complete.
He required oxygen and water dericed from tne atmosphere, energy from sunlignt
transformed by green plants into states suitable for human capture and assimila-
tion. He was a predatcr ﬁpén certein other animals and a prey of larger or more
capable carnivores. / i

As human evolntion proceeaed, however,>the r8le of man in the biosphere in-< .
creased. With the discovery of the uses ofAfire he was able to modify vegetation
"and thus affect the'conditions of life for a much wider array of plants and ani-

mels. With'the development of domestication he emerged from being simply another

kind of omnivorous animal to become a factor determining the conditioris of life

(1)- It should be noted that some ecologists restrict the usage of "bilosphere"
to include only organisms and not their physical environment.
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for all other species of life inhabiting the same geographical area. With civi-
lization an& the gradual develobment of technological skills he became a minor
geological force, affectling that'portion of bipspheée in which his ﬁumbers were
céncentrated. With the industria; revolutién and the channelling of new energy .
sources into the prdduction of materials useful to himself, he became a global
force, and assumed a position of ecologicai dominance over other living compon-
ents and muéh of the inorganic material of the biosphere.

’Despite this, however, maﬁ remains ba;ically an omnivorous animal dependent
upon the oxygen and water from the atmosphere and energy from sunlight transformed
by green plants into states suitable for human’capture and assimilation. Althoﬁgh
in a position of dominance, he cannot for long modify conditions within the bio-
sphere beyond the limits of tolerance for himself and the animais.and plénts

upon which he sti1ll depends for life. Where he does .so, he perishes.

3. Interactions in the biosphere

The interrelationships within the environment that man occupies have been

described in part in the first section of this paper. The total extent of these

interrelationships is something we have only recently begun to understand. It is
generaliy agreed.among sciéntists who have considered the origih of life on earth,
that before life evolved the earth's atmo§pheré was devoid of bxygén. Oxygen'is
a’ product of.pho{osynthésis, cérried on by gréen plants, and is only added to in
insignificant quantities by man's industrial production of it.v The vegetatién
cover of the land and soil and the algal population of the upber layers of the
océan maintain the oxygen balance of air, water and soilf With any reasonable
;evel of human population, such oxygen. production would hardly be interfered with
tq any serious degree. Continued human population increase combined with vegeta-

tion disturbance and the burning of fossil fuels would create such a dangerous
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interference. Without better knowledge of global fates of photosynthesisland
oxidation we cannot predict when a danger point would be reached.

Present levels of huﬁan population and industrial activity.have signifi-
cantly increased the‘carhon dioxide content of the atmosphere at a rate of .7 ppm
per year. This is believed by some to create a "greenhouse" wafming effect
within the earth's atmosphere, which will expedite the melting of the world'!s
glaciers and icecaps, cause'a'rising of sea levels and a submehgence of coastal
lands upon which a high.percentage of the present human population of the eaﬁth
1s now concentrated. Although there 1is no immediate danger, man's ultimate oc-
cupancy of.the blosphere may well be greatly influenced hy the care he takes to
maintain_the necessary ratio of gases Qithin the atmosphere. |

Interrelationships withih’the biosphere have been illuminated b& man's
misuse_of atomic energy thfough the detonation of nuclear explosions. Fallout
from atomicvand hydrogen bombs kille small‘organ;sms and damages tissues of
larger organisms at distances half-a-world away from the sites of the explosion.
Although present fallout levels cfeate no immediafe danger to man, fadioactivity
is inimical to life and, the consequehces of any major discharge of radioactive
materials into the atmosphere are apparent and weli-known. No nation would be
immune to the consequences of atomic warfare. |

Studies of both radio-tsotopes and of pesticide chemicals have increased
our awareness of the ability of biological material to concentrate chemicals to
a degpee that would be unpredictable from the consideration of simple phisical
11aws-alone. The movement of air and ocean currents ahd the migrations of birds,
_insects and other animals make it p0551ble for chemicals that are released in
oneé area to have their ultimate effects through biological concentration in
areas quite removed from the source. DDT, presumably released on. another con-
tinent, appears in the tissues of Antarctic animals. Radio=cesium, derived from

¥
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atomic explosions, qlthough occurring at low levels in the atmosphere or soil,
appears in dangerous concentrations in the tissue of Arctic caribou, thousands
of miles from the area of origin.

Studies of urban air pollufion further reveal enyifonmental pathways within
the biosphere. Automobile exhaust fumes released in the urban concentration
areas»of céastél California have their effects upon‘crops in'the Central Valley
of California; hundreds of miles away. Smog from these urban, centres damages
pine treés growing in the distant Sierra Nevada mountains.

- As our knowledge of the biosphere increases, our realization that we live
in "one world", not in a political seﬁse but in a realistic Bidlogical sense be-

comes more certain.

C.  THE ECOSYSTEM CONCEPT - -
1. Definition

The fundament;l unit éf étudy in ecology is the_ecosystem. This is défined
as é living community and 1its non-living physical environment. It is 1mpossibie
to sebarate excébt for purposes of discussion the two components of an ecbsystem.
Thus the atmosphere, air, could be considered as nén-living. Neveftheless alr is
constantly beiﬁg used by all livingiorgahisms in a blotie communiiy. .In the pro-
~ cess of use; its chemical composition is béing modified through additions or sub-
stractiéns‘of oxygen, carbon dioxide and water vapour. Thus tﬁe atmosphere in
the immediate Qicinity of a blotic community provides both part 6f the(environ-
ment and éart of the commuhity. 'Tt is different ffom;the atmosphere that wduld
exist were thé biotic cdmmunity‘to be removed, since it would contain different
bercéntages of COp, oxygen, water vapour'and niﬁrogen and undoubtedly haQe dif-
ferent temperature cha;acteristics.

The term ecésystem is fiexible in its usage énd can describe ény cbmbina?

tion of 1iving things and' physical environment that are integratéd; ihferact and
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achieve some degree of stability. The value of the concept is the emphasis it
places upon interactions and upon the realization that no living'thing exists
apart from other living things.or from its environment..

2. Kinds of ecosystems

ﬁor pﬁrposes of study the world isvdivided iﬁté major. categories oﬁ eco--
systems and various subdivisions of these. In the terréstrial environment, ma-
jorlcategories include the major types of world vegetation: tundra in the Arctic
and Arctic-alpine.regioné, boreal forest in £he sub-arctic and sub-alpine re-
éions, various categories of temperate zone forests and shrub, graéslands and
deserts, various categories of tropical and subjtropical forest and savanna;
Within each of these major vegetatlon regions, or biomes, ceftain type§ of veg-
etation represent felati?ély stable and pérmanent communities known as climax
,‘cbmmunities;*Acher tYpesvof~vegetation, MOre transi%éfy'in thelilr existence, aré
--‘knoﬁh*as‘sug—élimaiésvor*succéssibﬁal commuities. Given time and freedom from
'~di$tﬁr5gﬁéerthesé‘chéngé-intb'the“mbfegstabiefclimaxes;'

' Within‘ééch’m536£ vegétat1on régiohiis a'éhéfactéristic animal life; in-

clgding among its ranks herbivofoﬁs ana'cafhtvorous species each adapted to oc;
cupy aAcertain placg in the environmeht, or ecologlcal niche; eacﬁ depending
upon other spécies for its exis?ence and in turn supporting the exis;ence of
still another group of spécies. Each»major vegetation type will provide niches
that are occupled by ecologlcally equlvalent animal species. The small deer éf
the Asian rainforests have their equivalent 1n4the small antelopes of the African
forests, or‘in'deer of different species in the American rainforests.

Each major ecosystem may be subdivided into smallér, but still distinctive
éommunities, each ﬁith a différent array of plantrspeéies occupying a different

kind of soil and often characterized by a different kind of microclimate, each

supporting a different érray of animal species. These communities in their
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aggregate, Ilncluding both cliﬁax and successlional stages, represent the greatest
degree of biological complexity and_diversit& that the earth has produced and.
supported during recent geological times. .Each species subported represents a
stage in an evolutionary process that may be traced back to the beginnings of
life on earth. Each ih turn may give rilse in future time to new species adapted

to changing'conditions on the earth'!s surface.

3. Relevance of the ecosystem concept

| The écoSystem concept,heips to explain . both the success and faillures in
man's attempts to modify the natural environment for his own uses. In general,
‘a’ land use practice de#eloped in one ecosystem may be transferred to a ged-'
graphically separate, but similér, ecosyétem with hope fof success., Thus.agri-'
cultural practicés developed in the temperateAdgciduous forest region o{_Europe
were transferred”Wiph-good success by certain groups of careful farmers tp the
temperate deciduous .forest region of eastern North America.. Attempts to trans-
fer them, however, ‘to.the humid tropical forest regions of the wo}ld have been
marked by failﬁré.r'érazing systems adapted to the humid pastures of Europe have
failed completely when applied to thé arid steppes of>Australia. Forest prac-
tices acceptable in temperate America have been poor;y adapted to the American
tropics, but successful in temperate forests of eastern Asla.

Since ecoéyStems differ from one another in soil, micro-climate, vegeta-
tion and'aﬁimal life; each presents a different problem in land use. ‘Under-
standing of the relationship of native species with thelr environment can‘greatly
assist in achieving stabilized and productive use of domesticated species. Thus
studies of soil-forming proéesses"underfnative grassland vegetation have helped
in the improvement and maintehance of grassland soils devoted to cereal-grain
agriculture, through demonstrations of those factors that contributed originally

‘to fertility and physical structure. Studles of the. rble of nitrogen - fixing
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trees.sugh as aiders (A;ggg),have demonstrated their importance in forest suc-
,cession and the enrichment of forest soils. - Comparisons in Germany of soils:
created  through forest~monocultur;s with naturally occurring forest soils have
led to a more balanced and sustained production from commercial forests.
EcoSystems differ also in their adaptability and toleraﬂce to change.
Those of northern and westerﬁ Europe have adapted and adjuéted to a long prp-
cess 6f trial and error in land-use that has finally evolved Into a hiéhly
stable agriculture. Those in Medlterranean Europe, less tolefant énd adaptable,
have broken down -over exteﬁsive areas under similar pressures. In arid or cold
areas, where 1ifelexists in delicate balance with a hostile environment, land-
use blunders can haQe ;ong-lasting 11l effects. In-more humid and warmer areas,
.similar mistakes are mére readily absorbed and co?rected. |

b, . Importance for maintainingﬁreférence types of ecosYstems-

All of man's advances 1in culture have been associated with new and im-
proved ways of usiné the.biosphere to produce things necessary or deé{rable to
mankind.. Thé products of naturally occurring. ecosystems may be harvested or
cropped. A natufal ecosystem»may be drastically modified to create an artificial’
one ylelding a greater supply of useful products. Under certainiqircumstanqes
improvements'may be made upon natural conditlons, as fér example in wgstern
Europe and easterh Asia. Many.of the agriéuitural soils in these areas are ap-
barently superior in fertility and stability to thé‘soils originally formed un-
"der forest cover.. Under other circu&staﬁces deterioration may také place, elther
rapidly or slowl&, as in many .grassland areas.of'both the old and.the new world
where prodﬁctivity has declined under continued grazing use. Progress or loss,

[} : .
however, can be best measured if representative samples of the origlnal ecosys-

tems are maintained¢for.studyrand comparison. Such samples must .represent the
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full range.pf_systems being used for commodity production if the' comparisons are
to have Qalue. .

Ecosystems also provide éireservoir‘of genetic materials, a spectrum of
organisms adapted to a pérticular range of soll and climatic conditions. If
preserved, these may provide, in the future, species diréctly useful to man's
purposes, perhaps for domestication, for biological control, for medical re-
search, or a variety of other'uses.

Apart from immediate‘practical valueélecosystems have an enorméus valuéA
to basic science, to developing an understanding of 1iving processes, evolution,
comparative biochemistry, physiology and so forth. |

The aesthetic and recreational valﬁe of ﬁndisturbed wlld areas grows also
in importance as the percentage of the earth!s surface modified by man is ..
extended. |

Theée thén are some reasons for the maintenance of unmodified éreas'of
naturally occurring ecological-systems. wild species cannot be recreated if
once lost. At little or no economic cost to mankind; however,_théy can be

maintained.
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IV. ECOSYSTEMS AND MANKIND

‘

A.  ENERGY FLOW AND ENERGY NEEDS
, ( s

1. The energy cycle

The dependence of life upon solar energy is complete. This includgs not’
only the dependence on sunliéht in supplying warmth and illumination to the
earth's surface, but also on its role in providing the énergy contained in food
‘and in the fuels that are burned to operéte our industrial civilizatioﬁ. Much
research is directed today toward the important question of greater efficiency
in the'capture:and storage of solar energy. Basically, However, mankind will
always depend mostly upon the most widespread process for energy capfurg and
storage - that provided by phbtosynthesis in green blants.

Man requires approximately 2,000 calories df énergy.from food‘each day to
maintain his metabolism and to function efficiently. Theiactual requirement va-

ries with individuals and the amount of work-.performed. All-of thls energy was

captured by green plants and stored in chemical bonds in carbohydrates, fats,
3

proteigs or vitamins. \ |
Energy ffow through the egosystem is an 1n¢fficient process.. Seldom is
more thgn about one per cent of the total solar energy impinging uponrextensive
areas of vegetatlion actually captured,andlfixed as stored potential;energy in
plants, although higher efficiencies are reported from some agricultural-crops,

small areas of productive natural communities and algal cultures. It is unlikely

that a high degree of efficiency will ever be reached in any large-scale food
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production ehdeavoﬁf. However, the efficiency of solar energy fixation is sel-
dom an’ important limiting factor in food production. L

Energy captured by greén piants becomes available to higher organisms in-
an ecosystem and is said to flow through the various energy levels, or tréphic
levels, of a food chain. A féod chain_consiéts-of a series of organisms, one
feeding upon the other. Because of the lnefficiency in eﬁergy transfer and los$
of energy at each transfef:in the manner to be described below, food chains are
usually short. |

In the transfer of énergy from green plants to herbivores that.consume
green blants, most of the-energy‘§tored by the'plants is iost through dispersal
as heat in the proéessés of digestion and metabolism or through‘elimination as
'undigested wastes. The ehergy actualiy stored in4the‘tissues of.a herbivore
‘usually represents only a small percentage of the energy originally available in
1ts food. Thus the hog, a relatively effiéient energy converter, will supply in 
its tlssues only about 20 per cent of the energy in the corn that the hog feeds
upon. When carnivores feed upon herbivores there is still another loss of en-
ergy and mosf of the energy contained within the tissues of herbivores‘doeé‘not
appear as ehergy stored within{the body of'the Carnivore. Thus, in any ecosysF
tem, the relative amount of energy: available to a species that fed eéclusively
upon other carnivores would be qulte small compared to that originally availlable
in green plants. |

The inefficiencies of’energy transfer within an ecdsystem are examples of
a long-recognized phyéidél'law, the second law bf'thermodynamic%, which states,
in effect, that in any spontaneous transformation of energy soﬁe will inevitabl&
be lost to the systeﬁ,'dispefsedvas unavailable heat energy.t It is a law that

humans have learned to iivé with. In over-populated areas, few can afford the

luxury of energy transfer from green planfs through herbivores. Plant foods
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must be consumed directly.by man.to,achieye the_caloric inteke needed to sustain
1ife. Quality of!diet{ the_iuXury of»feed;ng upon meat-animals or fish,'mustvbe
séérificed to caloric quantity. - However, whiletcaloric quantity may bé adequaté
to sustain life for a short period, a sacrifice in food quality results in seri-
ous consequences fo health, reproduction, vigour, growth-ahd other metabolic ‘-.v
processés. Protein hupger is far more widespread in'theiworld than caloric - -
hunger.

2. Man'!s changing r8le in the energy. cycle

Before man or his aﬁcestors had fire, his energy supply came almost‘en-
tirely from the food‘that he could consume and fluctuated perhaps from 2,000 up
to 3,000 or more caloriles per day depending on the avallability of edible mate-
rials. Any excessive’use of energy by the body, as in keeping warm in cpol wea-
ther, or cool in hot weather, fighting ér fleeing before foes, or escaping hos-
tile forces in the en#ironment,_had to bévcompensated-by increasea food'consump-
tion. The enviroﬁment of man was neéessafily.restricted to areas without extreme -
cold, witﬁ adequate ;helter frbmiexcessive heat ahd particuiarly to those with a
relatively abundant suppl& of accessible food and water, |

The discovery Qf.fire_both.increased man's basic level of energy consump~-

tlon and extended his environmental range.

\ N
The next major stéep upward in the rate of energy utilization accompanied

'the industrial revolution, when fos;il‘fuels were first harnessed 6n a large

scale to do maﬁ'waork:,JUse of nucléar energy (derived from the sun during the
period of{therearth's formation) is a recent development and still dées not con-
_tribute gfeatiy to total energy‘consgmption. Thus food is only a small part of
the energy conSﬁmed by an 1ndustrialized'sociéty, but it remains a basic, essen-

tial part for which no substitutes will be available. .Its continued production
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in quantities édequate for human needs remains a first priority in conservation
planning}

The use éf foSsii-fuels, hydro-electric~and nuclear power. to accomplish
work has a sparing action upon biotic resources; Were it possible to run.an in-
dustrial’sopiety on food-supplied energy and wood fuel alohe, it is déubtful if

’thé biotic resources of the eafth would be adéquate fo meet today'svenergy needs.
Substitution of machines driven by péWer from sources other than food or human
. —‘mu§bléﬂﬁéﬁé;vaeéfeases the demands placed upon our -agricultural resources. Sub-
stitution of fossil fuels for-wood‘makes possible today's programmes for forest
conser&ation. It is 1ronic therefore that South West Asia; with a largé share
of the world's fossil-fuel resources, has placed some of the heaviest demands
-upon its limited supply of vegetatign suitable for burning in campfires and. cook=
ing fires and today suffers the severe conséquenées of widéspread deforestation.
Despite the massive consumpfion of energy in industrialized societies, all

socleties must'meet.thé basic food energy requirements of man through dependence

upon the annual storage of energy by green plants. The flow of energy through

natural or modified food chains remains the process most vital to continued hu-

man occupancy of the earth.

3. Food for the world's growingﬁquulation

“For man, as for the largef animals, demogréphic changes are necessarily
‘slow and to be meazured by generationé rather phan in years. For many centuries.
the overall growth in world population-must ha?e been extremely slow and un-
eQen as between different communities éécording tp their mastery of their en-
Qironments and the incidence of diéease and disaster; In the two thousand years
before the Seventeenth century the world population may have doubled. It doubled
again in the next two hundred years, this'demographic change reflecting mainly

‘the new technologies of the now developed countries. Since then, largely through

56



»

advances in medicine and_hygiene, a demographic transition has been even more
pronounced in the developing world which includes the majority of the human popu-
lation. .At the present rate it may double within 40 years and the rate of in-

crease 1s itself increasing. Any limitation of population growth will requi?e

'yet another wholesale demographic change in succeeding generations.

Techﬂology in the deVeloping world has lagged behind advances in-medicine
and the majorify of the race does not now ehjoy a sufficient or sufficiently
balanced diet. Other material needs are even‘more unequally met, as between the
developing and the developed nations. A vast increase in productivity from land
and water resources'will be requifed to satisfy the reasonéble needs 6f the pre-
sent population and to provide for its ineQitable growth.

There has in fact also been a continuing but uneven increase in agricul-
tural pfoductién in developing countfies; the production of food crops ﬁav{ng
risen by some 3 ﬁer cent per'annum over the past decade. This is more or iess
in step with the growth of popﬁlatidn‘buf not wifh the growth in per capuﬁrin-
come ﬁhich measures the effective'demand for a more satisfying diet. The unsat-
isfied demand; largély by urban populations and the uneven increase from year to
year and from one couptrx to another has led to sub§tantial imports of cereals
and other food prodﬁcts in place of fofmér expérts. The volume of these imports

is rising at some 6 per cent per annum and is now of the order of 10 per cent of

total consumption, including some 23 millionvﬁons of cereals a year in the pe;

riod 1961-1963. The projected demand for food in the developing WOPl@/Will be
from 50 to 60:per cept higher in 1975 than it is now and, since the foreseeable
increase in local production within a decade is limited, focd'imports_w{il at
least‘ﬁe doubled. The‘short4fall can no doubt be met from the farh'lands of the
temperaﬁe zones but, with the limited purchasing power of fhe'consumers, hardly

on commercial terms.

57



The dilemma arises from the failure of deieloping countries to modernize
thelr agriculture, in fact to appreciate the ecological necessities of their
';situation, as rapidly'as théy have attempted to develop their industries and imF
' prove the health of their peoplés. The tendency has been to extend the 11h1ts
of cultivation and reproduce, offeniin less suitable environments, the existing
technology of production - a more serious eﬁcroachhent on the biosphere than any

threat arising from.the introduction of well chosen methods of intensive agri- -

culture.

%

The biologicaliphepomenon of populatiép growth 1s as much an element of tﬁe
dynamic ecosystem as any of its "natural" biological elements. To feed, house,
cloﬁhe and genefally provide for the material needs of the future race is not .be-
yond man's technical compétence. The challenge lies in deployingvtechnology in
a manner which willvpot overtax natural resources or utterly destroy irrepiace-

able elements of the flora, féuna and habitat.

B. THE CYCLE OF WATER

1. The hydrblogic éyclé
| Water élows through the biosphere along pathways that are described as
hydrologic cycles. Solar energy acting 'upon the surfaces of the globe raises
water vapour into the atmosphefe and through differential warming of the atmos-
phere generates the major atmospheric‘movéhents that bring\moisture-léden air to
‘the ea;th's land sﬁrfaces. Falling as precipitation water enters into terres-
triél ecosystems in many ways; determining local climates, regulating tempera-
ture in living organisms, entering all of the various metabolic processeé of
blants and animals, runnihg off vegétation or ground surfaces to enter stream

flow, or percoléting through soll and rock to enter underground storage areas.

At every stage in the process water may be lost once more to the atmosphere
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through evaporation and must be replaced in the ecosystem by‘further,precipita-
tion. |

éreciﬁitatisn and temperature combine as the most important environmental
factors that determine the kind of ecosystem that wiil develop in a given local-
ity. Acting along with veget;tion and animal life to modify the rocks of the
earth!s surféce, they determine the kind of soll that will form, its physical
struéture and its fertility. The importance of water to man is obvious.- It @s
regarded by some as the earth's most criticai nature resource and'one likely to
be a factor limiting human population increase. The importance of understanding
the hydrology of the earth has been emphasized by the institution of an Interhé-
tional Hydrological Decade under'the aﬁspices of Unesco. ‘

2. Water in the ecosystiem

Water falling upon a paved surface willl either run-off or e&aporate; Wa-
ter falling ﬁpon a vegetated area may folloﬁ many pathways. 'Some-willjbe_inter—
.cepted in vegetation and evaborate from the leaf canopy, some will 'evaporate
.ffom the soil surface.: Under circumstances where the rate of precipitaéion ex-
ceeds the rate at which soll can také up water, some wiil run off. Water enter-
‘ing - the soil may be held within 1%, QCCupyiné alr spaces or héld by various
tight or ioose bonds to thé soil particles. Water may penetrate through the
soil and enﬁer underground channéls through various openings in rockhsurfaces,
or if the soil 1is built from highly porous materials such as sand or gravel may
flow through these to lower levels, to emerge in some other ﬁlace,as seeps or
springs, or to be held in undergréund artesian basins. Some water that is held
temporarily in soil will move to the soillsurface through capillary action, as
water evaporates from the surface. Much of the water that is in the soil will
be used by the vegetaﬁion, passing through~roots and stems to be transpired into

the éir. VSomé’wilI be held within the vegetation' in chemical combination or to
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maintain ceil turgor. Weter within planfs may be consumed»by animals and satis-
fy, in part or éntirely, their normal water requirements. Similarly, Water held
in soil or on the surface in streams, ponds, springs, etc. may be consumed by
animals. |

3. Use of water

Where man wants to. make &ifect use of water that falls upon the land he
may seek to modify‘various aspects of the hydrologic cycle in order to obtain a
higher water yield. lSuch modifications, however, usually involve losses oonther
values within an ecosysteﬁ. TQ obtain maximum yield of water from a watershed,
losses through evaporation or transpiratidn need to be minimized; and a system
by which water goes directly from precipitation into underground aquifers to
émerge'at the point of human use must be approaphed.“Most naturally occurring
watershéds, however, defy such simplification. If the source of transpifatioﬁ,
vegetation, is removed, the soil-holding qualities of vegetation are also re-
moved. Frequently, the soil will then erode from slopes and choke streams and
reservoirs and the soil that remains may become relativély impervious to water,A
forcing all water to flow over grouﬁd surfaces with consequent increases in
evaporation. Thus, malntenance of vegetat{on cover énd consequent soll struc-
ture and porosity is often necessary for the best practioaple sustained ylelds
of water. Disturbance of veéetation and creation of bare soil, or.compacted'
soil will often lead to disturbances in the.production of a sustained yield of
wéter. Thﬁs, thé relative importance of water supply from an area can have a
determining influence upon'other uses made of the land. . A high priority for wa-
ter in areas susceptible to efosion can rule out ény uses that disturb soil or
vegetation. : ‘ i |

Many examples can be found of watefsheds that once produced a year-rouna

stable flow of water and now are in a cycle of seasonal flashfloods followed
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by long periods:of aridity. = Such conditions reflect persistent misuse of vegeta-
tion and soll within the area .often resulting fromlfires’or uncontrolled grazing.

The demands placed upon the watersheds of thé earth by man are heavy and
varied. Water is required, first of all, for drinking and ﬁust be presént in
both adeguate quantity and in a quality that will not impair human health or vi-
tality. Equaliin importance, but many times larger in quantitiés required, is.
the use of water for the growing of food créps. Rated below these-in importéncé
are uses of water for cleaning purposes, industrial processes of ail kinds; for
the transport of wastes, for transportation of.people or their possessions; for
fire suppression, for recreation and so on. Soﬁe of these uses are consumptive.
The water used in the production of crops for example cannot be re-used. Other .
uses are non-consumptive, transportafioh, h&droelectric power and recreational
use§ are examples. Others:are intermediate, water used in drinking may be in
part re-used, if wastes are removed from it after it pasées through the body;
water used in traﬁsporting industrial waste broducts may be re-used if purified,
although some water will be consumed in many industrial ﬁrocesses.

The existence of useful watgy in an environment determines the presence or
.absence of human cultures. The pressure upon the world's freshwater resources
calls for great care in the management éf watersheds and the uses of water.
Where human density is high wafer must be used and re-used for many purposes.
Under proper care a single water source may supply most human wants and needs -
providing mgltible-purpqse approaches are taken to its development and pollution

is. minimized.

4, Irrigation

In the dryer parts of the tropics and sub-tropics, agficulture without ir-
rigation, if possible at all, gives only a scanty and uncertain yield and half

or more then half of the land that has beenlconverted from its natural state and
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vegetation must be left fallow each year. Even in wetter areas the seasénal
concentration of rainfall»oftén limits producfion to a singla and possibly pre-
carious harvest. Except in the most favourable climates irrigation or supple-
mentary irrigation may, therefore, be a prerequisite for the economic.applica=-
tion of such agricultural improvements as the use of fertilizers; higher yielding
varieties and crop fotations. |

The simplification of the ecosysteﬁ characteristic of monocultures can be
avoided where rainfall or ifrigaﬁion and the temperaturé in the!growing-seasons
.allow a rotation of crops throughout the year. Major irrigation systems in the
valleys of great rivers may transform an entire country; smaller systems create
"islands of produbtivity and add to the ecological and human stability of an -
-othefwise harsh and over-exploited environment.

In comparison with the use of water in {ndustrial processes the volume re-
' quired for irrigation is immanse in relatiqn to the quantity of the end product.
In an arid climata as much as 10,000 tons of Qater may be neaded to maintain one
hectare of land in cultivation throughout the year. AOvervand.abova the moisture
requiredrfor trahspiration there must‘be sufficient drainage to prevent the ac-
cumulation of salts in the soil and tormaintain the water-table at a sujtable.‘
debth; |

Because so mucﬁ water is needed to produce a érop and because water for
the dry season ﬁust often be stored in dams or pumped from wells, the unit capi-
tal cost and annual charges must be modest and the water must be used to the bestv
advantage. This considerably restricts the choice of areas suitable for 1rriéa—
tion development. Reséarch is alsa urgently needed on the real water require-
ments and responses‘of crops, to maka pbssibla a carefully regulated supply and
an(optimal cropping pattern. In Western Asia, for example, fallows are usual

even on irrigated land because the supply is largely uncontrolled and salts
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accumulate invthe soil fhrough inadequate drainage. ‘In India the water alloca-

tion for the same crop in similar environmeﬁts'shows astonishing and preéumably

arbitrary variations. Related to irrigation, fioéd control is another.necessary
modifiéation of the agricultural en&ironment; they may well go together in pro-
jécts for multi-purpose river 5a$in'development.

In the light of future needs for food and other agricultural products a
required, and feasible, increase of at least 50 per cent in areas under irrigai
tion by 1985 may be‘estimated; together with a.significant improvement in irri—,
g gation efficiency. |

5. Tnland fisheries

It is beyond the séope of this paper to discuss marine fisheries; 'inlandv
fisheries, however, may contribute some 15 per cent of the world catch, or about
7 million tons, without taking into account the considerable volume of subsis-
ténce and sport fishing throughout the wbrld.‘ Their relative contribution to
» the human diet.is even greater for much of the marine catcﬁ is‘ﬁiverped to otﬁer
useé. Tﬁé world-wide disﬁribution of inland fisheries makes thém the sole.source
of fish and a major source of protein in many deQelopiﬂg counfries.

Inland fisheries are seldom incompatible with other uses of the water and
involve no sig;nificantj con"sumpti.on of the water itself; as a stabiliéing ele~
ment in_the ecésyétem the fish improve ité'quality. Nor does the establishment
of a fishery usually invoive any modification of the physical environment. Some
uses bftthe water may, however, be'inimical to the fish, as with the effects of
industrial péllution. River basin development and land drainage may interfere
with the migratory phase of the life cﬁcle and introduce fundamental changesx{n
the environment to which the fish are exposed. On the other hand inland fisher-

ies are often improved or even brought into existence by man-made structures such

as dams and river control works.
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Natural and man-made areas ofyfresﬁ water, rivers, canals, lakes and
swamps, may cover a total’area of 500 million hectares. In addition there are
vast areas of coastal lagoons and brackish swamps and estuarieé equally capable
of supporting a fishery. Only locally are these resources fully used, with im-
provement in boats and gear and bétter'accessibility a much h{gher produdtion
is certainly possible without modification to the environment or the ecosystem.
More intensive systems of management, involving restocking with preferredbspe—
cies, the eliminafion of predators and the use of fertilizefs, are generally
only‘appliéable to limited areas and are unlikely to affect the ecology of major
water bodies. The ﬁost intensive systems are fish cultures, in artificial ba-
sins or enclosures in open'water.t Yields of several tons per hectare per annﬁm
are often obtained in South Eas% Asia and elsewhere and fish-culture might be
more widely developed to.imbrove humqn-diétS'where.meat is scarce and there 1s

little surplus thedtial’for-livestock.

“C. -~ NUTRIENT CYCLES-AND<NUTRITidNAL'NEEDS.

Finally, tﬁe'ecosysteﬁ bosseéses a nutritioﬁ cycle,-liﬁked to the energy
and water cycles. If life is to continue on earth, there must bexconstant ex-
ghange and continuous return of nutrients, with,wastaée kept to a minimum. The
.sources,of nutritioﬁ are soil, atmospheré‘and water, Tﬂe return of nutrients to
the soil is dependent on agrigultural methods. Knowlédge of the séil, of its
management and of its behaviour is thus of capital importance. If this cycle is
to remain stable, rational exploitation must ensure a balance between extraction
and return of nutrients. This is the problem of scientifically groundéd fertil-
ization.

1. Sources of nutrients

Nutrients important to life are derived from the rocks of the earth'!s

crust, from the atmosphere, or from water. Among these elements,‘nitrogen has
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a main importance, A great variety of other chemical elements must be presenf

in the soil for plant growth to occur. It is not enough, however, for them to be
present, they mﬁst be present in available form, Which usually.means either dis-
sclved in water in the soill solution, or loosely a£taohed to clay or humus par-
ticles within the soil. A porous, friable soil structure in-whicp air and water
can circulate, but containing sufficient clay or humus to provide a steady'sqp-
ply of chemiéal nutrients is most favourable to plant growth. Agricultural prac-
tices which eithér break down soil structure, or lead to excessive drains on.soil
fertility diSrupt the nutrientncycles essentlal to proper functioning of the

ecosystem.

2. Soil nutrient supplies

1

In some ecosystems,.-such as-prairie grasslands, the rate of turnover of

nutrients from soil - to plant and back to soil throﬁgh the action of decay organ-

isms is rapid. Thesei:solls' themselves are developed under low-rainfall processes

and often containgaﬁreiative surplus. of nutrients over and abdve the annual needs
for plant growthQN Lack'of moisture, rather than‘lackAof nutrients, proQides an
annual limitation to 'the growth of these grasslands. Such soils, when cieared
of grass and seeded to cereal grains will remain productivé for decades even
without additibn of fertilizer-providing reasonable care is given to maintenance
of the soll structure. |

In other ecosystems, however, the soil-forming proaesses are such that
many nutrlents are in relatively . short suﬁply}, Tropical forest soils developéd
under high rainfall régimes, are often heavily leached and oxidized. They con-
tain an excess of iron and aluminium salts but a deficiency of other elements.
'Most of the nutrients are tied up within the living matter of the ecosystem, the
plant and animal life. As sbon as these nutrients arerreleésed, through death'
and decay, they.are picked up again by plants and returned to.the system. 1If
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vegetation is cleared apd burned, nutrients once contained within it are released
in quantity td‘the soil, but éinée the soil lacks absorbing clay particles to
”hdld.nutrients near the soll surface they are quickly leached away by rainfall.
The parent soll, because of leaching and oxidation is in itself relatively ster-
iie and consequently unable to sustain an extraciive.form of agricultural use
for long. Relatively high production may follow the initial clearing, but it
.cannot be_longAsustained; The séils'resbond poorly to fértilizer since they
lack the structural compounds that will hold and make available to crop plants
the elements supplied.

| Permanent agriculture, in such'fropiCal soils, Qhere it can be achieved at
all, needs to duplicate as closely as possible the soil forming and soil-holding
action of tﬁe native vegetation. A garden-type agriculture thatlutilizes trees,
shrubs and root préps; provides permanent cover fqr the soll and returns nutri-
ents to it, .gnd reaches through- & variety of root systems into many soill layers,
seems best suitéd to permanent production, particulariy where manuring and- mulch-
ing proQide for a return of nutrients and huhus. At best, however, these humid °
-tropical soils are generally deficient in nitrates and produce crops high in cal-
ories Eut low in protein: Under agricultural systems that leave the soil bare to
.the action of suniight and rain, such solls can undergo laterization - develop an
almost indestruotible iron-éluminium laterite layer - and become almost useless

for'further production of any kind.

3. . Soil surveys and soil management

.Aiﬁhough the soll and its properties are basic to all agriculture, millioné
of farmers throughout the worldvnow wofk soils that have never been examined sci-
..entifically. With.a far reaching agricultural revolution now :so necessary for
man's survival the execution and interpretation of soil surveys is a prime neces-

sity. Even long established and’stable systems of primitive agricﬁlture have
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their stability threatened by the ﬁeed fo take up more land ‘and groﬁ mére food.
Meanwhile the gap between potential sustained production from the soil and cur-
rent productioh contiﬁues to widen as new agricultural methods are devised; .well
managed and adequately feftilized soils are intrinsically more productive than
the soils of the original natural environment..

High crop ylelds, if they are to be maintained, require the.application of
fertilizers but their use is oﬁly economically effective 1if they are the right
kind for that soil and the right farmihg praétices are adopted. at the same time
and if the croés grown are suited to the soil and the environment. - Advances.
;ealized elsewhere can only be transferred to new §ites when the soil properties
haVé been determined. Soil surveys on small scales for large areas are héeaed
In planning the strategy of de;elopﬁent and on larger scales for operatﬁqnal
plénning on selected sites. The Soil Map of the World at a scale of 1:5,000,000,
jdintly promofed by FAO and Unesco, aims at pooling the knowledge of the world's
soil scientists to produce this strategic map; not the least of thé technical
problems involved in its preparation are the correlation of analogous soll types ‘
in widely separated regions énd the interpretation of their agricultﬁral af-

finities.

4, Steady states and human use

Under natpral coﬁditions a relative steady state develéps in ecosystems.
Energy flows through the system in one~way paths, but .is utilized to perform the
work essentiél to life at every level along a food chain. Water'f;ows through
in eyclical paths from atmosphere to lag@ to water bodies and back to atmosphere.
Nutrients flow from soil to plants to animals and back to soil and the relatively
slow rate of loss from geological erosion 1s balanced by the rate at which new
nutrienfs enter froﬁ rock decomposition, bacterial;production, or by afmospheric

additions to the system. ’ ,
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When primitive peoples, including those living permanently at a village
agricultural level, enter such a ﬁa#ural ecosystem they'may create little change
or disruption. Paft of the energy, water'ana/nuprientsAis channelled through
man rather thén through another species of animal, but the process of turnover
continues as peopie d{e and fﬁeir.remains enter the soil.

As higher, more mobile; cultures engaging in trade.or supporting urban
centres enter the ecosystem, however, a different, extractive pattern emerges.
Nutrients are removed and not returned to the soil tha£ ylelded them originally.
The steady-state condition is disrupted and fertility can become exhausted. The
prbcess is accelerated if widesﬁread destruction of natural vegetation; acceler-
ated 5011 erosion, of.laterizatién enters the picture. An ecosystem can go, as
some have gone, from aAhighilevel of pfoductivity to 6ne near zero. Examples of
such change may be readily observed in Mexico in the hills north of the Valley of
\Mexico where lands described by\Aléxander von Humboldﬁ as beautiful pin-oak
forests are now barren hardpan, or-iﬁ the Valley of Oaxaco where red, gullied
badlands have replaced the producfive scene described by Cortes.

'Ra£ional use demands a balance,betﬁeen extraction and return. Fertilizers
and organic materials must be returned to the soil tolbalance those removed by
crops or shipped out in the form of domestic livestock. Efforts must be made to

~

duplicate or improve upon the soil-forming and soil-maintaining function of the
natural vegetat%on to keep channels of nutrient flow and water movement open.
Cover, either natural or artificiél must be provided to check direct soil loss
through erosion. ?articglarly uﬁstable sifeé must be kept under natural vegeta;
' tion to maintain the hydrologic ecycle within the region. If these things are

done, as they have been successfully in some areas of the world, ecosystems can

be used to produce commodities uSeful to man on a permanent basis.
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5. Nutritional needs

This report has emphasized earlier that é central world problem is food,
and considerable effort is being expended to increase world food supplies. It
is essential to bear in mind, however, that man's nutritional needs are not

simple and even a large increase in a few, kinds of food crops may not satisfy

“them.

a. Celerie'needs

Nutritional needs are of two categories. First is the relatively simple
problem of meeting caloric needs,'of ‘providing food energy at a level of 2,000
or more calories per day, to keep body metabolism functioning and maintain 1life.
Such needs can be met by food subplies of a carbohydrate nature which can be pro-
duced under a wide range of ecological conditions. Root crops such as p@e taro
and yams ofvtroptcal regions as well as the cereai grains can supply fﬂie neces-
sary energy. NeQertheless, food supplies measured only in sheer quanti%y of
caloric usefulness, remain inadegquate in many parts of the world and a report on

the FAO .Indicative World Plan for Agricultural Development states that approxi-

mately half the world's people are underfed, ill-fed or both.

b. Nutritional quality

Beyond the simple quanfitative fon needs, the nutritional reguirements of
man inciude proteins, some fatty acids, minerals and vitamins. Foods that can
supply‘energy may not have.sufficient nutritional quality to maintain growth,
health or strength. Pfotein-deficiency disorders, reselting in illness and de-
creased vitality have long been widespread in most tropical areas. Meat; milk,
eégs, fisﬁ; er high-protein vegefable crops are required to meet human require-
ments for protein. .These are most difficult'to produce in quantity oh leached
and miﬁerally unbalanced tropicai soi}s. Beyond caloric and protein needs, tﬁe

provision of adequate supplies of the wide fange of minerals and vitamins that
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man requires in greater and lesser amounts demand soils that are themselves

minerally rich, or that can retain aﬁd supply chemicals provided by fertilizers.

- The areas of greatest human food deficiehcies are often those‘tropical'areas

most poorly adapted, ecologically, to provide high quality human foods, because
of soil deficiencies and are also the afeas in which high rates of population
increase seem to defy efforts to improve food supplies.

Over and beyond nutritionél requirements, there is a further psycﬁological
need for foods that meet the tastes and demands of various human cultureé. The
body can be kept alive and physically functioning on a diet thét soon, if not
immediately, becomes tasteless and unattracfive.. People have, and hopefully will
be ablé to retain, food préferehces that lead to demands for diets that are va-
riéd, interesting and appealing. Meeting such demands seems at times almost an
idle hope in areas where tQO‘mény people'crowd into too little foodrproducing
land and all éfforts are being bent toward providing a bare minimum of food to

eat. It is, however, a goal of conservation, as an important factor contribut-

ing to the "quality" of living.

D.  STANDING CROP AND PRODUCTIVITY'

1. Standing crop biomass

At any point of time, any ecosystem will contain a total quantity of liv-

ing material that is referred to as the standing crop and usually measured in

!

terms of weight or "biomass". The total standing crop will vary from one eco-

" system to another depending upon past conditions for growthlin each ecosystem

ana the longevity of the organisms that live within it. Generally speaking, a

forest made up of a dense stahd or 1ong-lived trees will have a higher standing

crop of plant biomass than will aAgrassland made up of rélatively short~lived

herbaceous plants.
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a. Varlatlons in biomass

Gradients in the standing crop of vegetation will be found to correspond
with gradlents in temperature or rainfall. There will be a lower standing crop

4

in the cold, dry arctic tundra than in warmer and wetter biomes. There will be

a lower standing crop in an arid temperate zone desert than in a humtd‘temper—'

~

. : 4 ‘ \
ate zone area. The complexity and variety of vegetation tends to vary along the

same gradients as the standing crop, with greater complexity and more'Species‘in
warm, humid areas than in elther cold or dry areas. There are some possible ex—
ceptions, however. The most complex vegetation, with the greatest number of spe-
cles is to be found in humid tropical regions. It may be, however, that ‘the -
highest standing crop'btomass will be foﬁnd in relatively less'complex;'but'long-
lived, humild temperate zone forests where individual trees reach great size., We
know as yet of no comparative measurements of the weight per acre of vegetation
in a redwood or douglas-fir forest in the'cool, temperate region compared with
that of a humid tropical rain forest.

b. Biomass and agricultural production

Considerable confusion results from equating a high standlng-crop With a
high potential for good quality agricultural production, Humid temperate zone
ecosystems with well-developed.soils have a high potential for carbohydrate
production. The standing crop, of\trees, shrubs and other woody plants will
constitute a great‘bulk of carbohydrate material but a relatively lom percentage
of'protein and of many elements esSential for.animal life. The much lower stand—
ing crop-in a semi-arid grassland will have relatively much less carbohydrate
‘and far more protein per unit. of area,‘along with a greater variety of essentlal
" minerals. 'Those biochemical relationships are reflected in animal'biomass.; Hu-

mid'tropical forests in Afripa support a great number of animal»species, but the

total biomass of animal life per unit of area is reported to be relatively low.

’
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-By comparison thé drier tropical savannas will support fewer species‘of animals
but a much higher animal biomass per uqit of area.. Siﬁilarly the maximum stand-
ing crop bioﬁass of wild animals in North America was to be found in the dry -

» plains grasslands. = The humid forests, with more species.of animals, had a rela-

tively low animal biomass.

2. . Produétivi@x

| F}om the viewpoint of human use, standing crops are of less significance
than productivity; the rate at which new organic material is added to an eco-
system. There is no necesséry correlation between high standing crop b&omass
of vegetation,and high plant productivity. A heavily cropped pasture ﬁay have a
low standing crqp but a much higher rate of productivity than an ungrazed pas-
ture with a much higher biomass. ‘A mature forest will be less productive than a

stand of fast-growlng young trees of a much lesser biomass. Productivity usually

e \

varies with the rate at which organisms- are consumed, are harvested, or die. Two
categoriesAof‘productivify aré'recognized,~primary-productivity,4which is the»>
rate at which photbsynthetic or chemosynthetic organisms produce new organic

" material and secondary productivity, which. 1s the ratevgt which consumer organ-
isms, moStl& animal, convert plant materials in£o animal tissues.

a. Variations in productivity _ -

Productivity varies with the limiting factors in the environment. In the
Arctic, 'cold and lack of moisture limit plant groﬁth during much of the year.
During a brief growing period, productivity may be. high; but the annual mean.
productivity is low and comparable to that of deserts. In deserts, water 1s
limiting and in places a toxie excess of salt and alkali éxists; éo that overall
productifity is low throughout the year, although it may be higﬁ for a brief pe-

“riod following rain. AWhere.water'can be supplied and where soils cah supply-a

- good balance of nutrients, productivity can be expected to reach high levels in
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desert regions. Productivity of deep; open écean watefs, away from islands and
‘continental shelfs, is at a low, desert-like level. In shal}ow,trbpical waters
lit may reach_unusually high levels.

It is believed that the highest annual productivity is to be found in
tropical rain forests, where all climatic factors tend to favour plant growth,
moisture is abundant and only nutrients are in relatively shoft supply. The
complex biota of the rain forest, however, appear to circulate ayailable nutri-
ents rapidly through highly complex food chaiﬁs and thus sustain a high broduc-
tivity. As noted earlier, when the forest biota is removed and the soll is laid
bafe; pfoductiVityvrapidly declines. In temperate regions a gradient in primary
productivity occurs from deserts through grasslands- to humid fofests and probably

'

reaches &¢ maximum’ in moist, felatively warm reglons, marshes, estuarie§}apd.such.

The gradient in secondary productivity,'however, does not appeaf¥£o follow
that of primary, at least among the largér,animals, although a Aiffere££ plcture
would be foundiif all smaller animals, decay organisms and soil organisms were

: ;

taken into consideration.. These do not contribute much to total blomass, since
they have short lifg spans and.high tﬁrnover rates; they do, however, contri-
bute to pro&uctivity., Fpr animal life, ﬁarvestable by man,\however, secondary
productivity appears to reach a maximum in open woodlands and savannas rather

than in moist forésts or arid deserts. .

"b. Productivity and complexity

Secondary‘productivity appears to increase with the number of species of -
organisms available to feed upon the vegetation. Each species 1s adapted to oc-

cupy a particular ecological niche.  This is 1ts place in the environment, deter-

mihed by what it feeds upon and what feeds upon 1t, by-the habitat it occuples
and its environmental needs. In complex vegetation, where the number of species

of plants 1s high and the size, shape and other characteristics of plants highly
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Qariable, a great number of_niches for animals can exist. If these are filled
theré will be a greater turnover of energy from plants to animals ana a higher
secondary productivity than where some niches are leff open or only partially
occﬁpied. The success of native herbivores in the‘woodlands and savannas of
Africa,-in achieving high rates of 'secondary productivity and meat production,
relative to that of one or two species of domestic herbivofe, is related directly
to the greater number of niches that these caﬁ ocecupy andlthe much greatér vari-‘
ety of species of plants and parts of plants on which they are adapted to feed.
It is important to recognize the relative importance of blotic factors'in
controlling productivity in the humid tropics relative to temperate, arid or .‘
cold'fegions. The number of species in the tropics is enormous, with each making‘
use of the environment in a qifferent way. The greatest percentage of plants
aré insect pollinafed and often each will depend on a differenf specles of in-
sect for 1ts pollination, reproduction and ultimate'contribution to productivity.
Turnéver of nutrients from vegetation t0 soll depends upon the existence of a
great variety of consumer organisms from birds and;mammals, through insects to
solil micro-organisms;‘ To é large degree the commﬁnity creates its own physical
and biotic environment, the vegetatlion sheltering the soil from direct sunlight
or impact of rain, changing température and hpmidity conditlons from'canopy to
grouﬁd level,.aliering rates of air movement and so on.- Destrudtion of the com-
munity destroys the environment and completely diérupts the complex networks
needed to maintain ﬁutrient flow and energy flow. It is little wonder, therefofe,
'théf such eéosystems in the humid tropiCS/Break down quickly when an effort is

made to'convert them to simple agricultural systems. -
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E. STABILITY AND ADAPTABILITY IN ECOSYSTEMS

1.  Complexity and stability

Gradients in complexity and in productlvity appear to be matched by gradi-
ents in community stability.\)Arctic and desert fegioné not only have fewer spe-
cles and a lower average productivity, but alsd have wide fluctuations, normally,
in.the felgtive abundance of species and their productivity rates. in some years
Arctic regidns‘may appear to be virtually devoid of animai life, in other years

-

the tundras teem with animals. In deserts, rainfall is not only low on_the aver-
age, but highly variable. Foilowing a high rainfall year plant production may
be great, but the excess will disappear és.dry years follow.  P1agué years of
rabbits or locusts, of mice or game birds)‘serve to compare great abundaqce with
the normal relative scarcity. |

In the humid tropics, where biotic confrols replace climatic controls,
such instability is virtually unknown. A slight increase in a given prey spe-
cles will be removed by ﬁhé'efforts of any number of preaators adapted to feed
upon it. A decrease in abundénce in one predator will have a gap filled imme-~
diately by other predators and prey will be kept under control. The diversity
in'species~in plants pfevents an increase in the level of insects, diseases,ior
parasites specializing oh one‘species of plant. :B§ contrast the single species
stands of trees in the boreal forests of the sub;arctic encourage increases of
insecf or disease pests to propoftions where they can wibe'out large areas, of
fore;t;

2. Simplification and its consequence

Man has Succeedéd in his agricultural systems through slmplifications of
naturally existing systems. A natural grassland will ha?e & great number of
specles of plants and a relatively high productivity. Most of the energy and

nutrients,'however, will be unavailable to man. The same area, cleared of grass
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and blanted to a single species df cereal grain, could have a lower total pro-
ductivity, but the energy and nutrients will pe harvéstable by and‘usefulvto man.
Unfortunately such simplification encourages the kind of instability characteris-
tic of naturally éimple ecosystems. fest organisms, adapted fo the ceresl grain
species; can increase to plague propéytions. Unless somé method of'control is
devisea or resistant strains of the gréﬁn are developed, the crop will be lost.

Recently man ﬁas turned Increasingly to var{ous pesticide chemicals to
provide this control. Such chemicals, héwever, can serve to further simplify
the system by not only reduqing the pest brganism, but also its natural enemies.

‘With the natural enemies removed the pést species are offen ablé to recover from
the effect of pesticidgs more qulckly and return to plague proportiohs more rap-
.idiy than previously. Further applicaﬁions pf besticides can result in further
siﬁplification. Meanwhile, genetics wiil have operated to favour pest organisms
most résistaﬁt to fhe pesticidé. Finaliy, an unStaﬁle system’con§isting of. erop
plant and its chilef gnemy can result, and new pesticides must be sought,‘each
capable of bringing new‘problems;

Such an ecological upset can be disturbing in temperate regions, but it is
there alleviated by climatic controis which operate to prevent pest increases.in
some year§. In the humid tropies, whefe biological controls predominate, the in-
discriminate use of pesticides can, and probaﬁly will in many places, have disas-
trous consequencés} _In the tropics, also the practice of monoculture is most}i
likely té be permanently in trouble, since it diverges most greatly from natural
systems.and encourages the emergéﬁCe of new pests from the ever present, always

abundant list of_species of potentialipeéts, diseases and parasites. The des-

truction of,Césta Rica's_banana plantations'along the Caribbean coast by the

Panama disease is an example of what can occur when a new dilsease strikes'a vul-

nerable monoculture. . .
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3. Adaptability in ecosystems )

a. Recovery from disturbance

The ability of an ecosystgm to tolerate human use and to recupefate from
human abuse vdries greatly with climate and biological factors. The récovéry of
communities from fife serveS'to illustrate this. In humid regions, for example,
naturally occurring fires are rare. Iﬁ uﬁusual dry yeafs; fires may burn and
produce disast:ous immediate fesults, sincevthg volume of fuel willlbellarge.
Such results, however, are seldom long-lasting. Following normal pathwayé of
succession, forests wlll grow back. In extrehely'arid reglons naturally occur-
ring fires are\non-ex{Stent, since the fuel to carry them éannot'bé.producedb
In sub-humid and semi-arid reglons, fires are most frequent since poth fuel and
dry conditions are present. Vegetation recovers from fire most quicklyfin the
areas with the highef rainfali, deeper—soils and greater variety of speciés. In
semi-arid reglons recovery may be slow and at times may not pccﬁr at ali. For-
ests growing near the climatic limits of their range can be eliminated by fire
as has occurred in California's pine forest growing on the.eastern slopés of the
Sierra Nevada. Similarly in the coldér regions of the earth, the effects of fire
are long~lasting. Tundra fires in Alaska and Canada destroy the lichén vegeta-

tilon and recovery of this normal climax growth takes many decades, if it occurs:

at all.

b. Biological versus climatic controls

.it would appear that the Systém most tolerant to disturbance would be‘found
in the humid tropies. This. appears true, however, only when the disturbance is
relatively minor and the normal biological networks ére not too widely disrupted.
Intérspecific deﬁendence is too great for major disturbance to be tolerated. Ma-

Jor disturbances can so completely disrupt the interwoven web of plant and animal



food chains, that complete reéovery of“trépical clima# forests can be an ex-
tremely slow process.

" Tolerance to disturbance"seems to be greatest in those areas where climatic
and biotic factprs operate in mofe nearly equal proportion, the humid and sub;
humid foresfs and grasslands of the temperate zone. Here gfasslands.hold up best
and recover-most quickly from grazing pressure; forests recover from fire or
clearing in relatively short periods of time. Agricultural soils, with reason-
able care for strucfure and fertility, hold up-under centuries -of crop produc-.
tion.'_Where_clihatic-controls become more operative, toward the Arctic or the
desert; durability of ecosystems under human use decreases. Where bilotic con-
trbls-become;more complete, in the Humid tropics, the durability of ecosystems
under human use decreases also. It would appear that the world centres of civi-
lization and pqpulation of past centuries coincided most closely with the dura-
bility of ecosystems. More recent lncreases in population in other more. fragile
aréas, brought about by the import of medical technology and economic surpluses
from more durable areas, may be oniy a temporary phenomenon. They perhaps cannot
be permanently sustained except as they are‘suppiied by the more durable ecosys-

tems. With our present knowledge, at 1éast, there is scant hobe for convertiﬁg
the still‘upinhabitpd portions of the earth into areas qapable of supporting high
densities of population. The exception may be thbée desert areas where the sole
‘1limiting factor is water. If water can be made available the‘ciimatic controls
~over productivity would be overcome. ‘ - ) '

c. Points of no return

Any ecosystem, even the least fragile, can be pushed to a point of no re-
turn. At this point, limiting factors become so severely operative that recovery

-in periods acceptable in a human time scale becomes impossible. Soil erosion on

mountéinsides can go on to a point where bedrock is exposed.. At this point, only
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the slow processes of primary succession, operating over centuries or millenia
can once mure build back soil énd vegetation. ‘Such dépleﬁion‘has occurred in
the Valley of Mexlicc and on mountaiﬁ slopes in Greece, Sbain and .Italy. Lateri-
zation of tropical soils can only be arrested, economically, at certain stageg.
Once a tough layer of laterite‘develops; recovefy 1s no longer possible. -Com-
munities can repair themselves, with moderate protection, up to a certain point.
Beyond that level‘Of abuse or disturbance, biological repair becomes, in human
tefms, an intolerably slow process. It ié an important aim of rationaliuse of

environments to prevent areas from reaching these points of no return.

d. Adaptability of animal populations
. An;mai populations have.a potential of productivity known as fheir biotic
potential. This establishes an absolute maximﬁm level above which they cannot
be cropped without depletion.' Rational management of wlldlife or domestlc stock
keeps eropping levels at orvbelow the biotic potentlal of the species, thus
guaranteeing a_susfained yiéld. It is irfational to crop a species that we wish
to.preserve at a level abéve that which it can sustain. It is equally irrational
to fail to crop a_species that has become too abundant, or has éxceeded the carry-
ing capacity of its habitat. Exceptions exist only wheré otﬂer natural processes

will remove without disturbance the surplus that we do not choose to harvest.:

Thus. serious problems have developed in some national parks such as Yellowstone

in Nortthmerica or Tsavo in Kenya where wild herblvores were allowed to increase

above the level that their habitat could support and where predators, adequate in
number to control the numbers of herbivores, did not occur or had been destroyed.

4,‘ -Commodity production in the environment

From the point‘of view of humen use, the standing crop is generally itself
introduced by man; necessarily so in fleld agriculture, less so in animal hus-

bandry although the livestoék will have been introduced and still less so in
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forestry. Food gathering from the natural biome as a way of life is virtually
obsolete. The impeets of forestry, animal husbandry and agriculture on the na-

tural environment call for some separate consideration.

a. Forestry

" It has been estlmated that some four thousand millien hectares of the
earth's surface remain under forest. Of.this area Some'40 per cent is considered
inaccessible for development although it may not be.immune from deterioration at
the hand of man. A further 24 per cent is not effectively exploited although ac-
cessible. Only abeut 13 per cent, some 550 million hectares, is under some form
of forest management though not always rational}y used. ﬁike fdod, the consump-
.tion of forest products, timber, pulp, fuel and a host of minor commodities, is
closely related to:the'gress nationarlprpduct-of the economy and to‘tﬁe growth

of population. ‘Future needs can ‘therefore be projected and long-term projections

" are. particularly nscessary:because,of the slow maturation and regeneration of

"5fdrests’ihﬁedmparisenawithiother'erops.‘2

Some degree of balance between forestry and other uses of the enviroﬁment
Has been established 1in most develdped countries although the hazards arising
from an industrial eivilization remain; iﬁ developing countries the equilibrium
is jncreasingl& precarious and it is upen tropical forests that the ilncreased de-
mand will-largely fall, both for forest products and for agricultural 1end. ‘As
has been said, heterogeneity of species is a character of the tropical forest and
few of them in any given area are of commercial value. It may therefore be more
economic and less exhaustive of the natﬁral resource to establish forest planta-
tions, often of exotic or fast growing specles, than to work over larger areas
that can only'be pertially utiiized.A IA East Africa it has been found that while

exotic plantations may provide an annual increment of more than 20 cubic metres
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per hectare, the useful incremenﬁ‘in a natural forest may be only 3 or 4 cubic
metres.

The most steble forestry system would combine the sustalned yield from
well managed natural forest stands, possibly with a considerable measure of
sylvicultural adaptation, afforestation for watershed conservation, forest plan-

tations and shelter belts on agricultural land. The strategic siting of forest

industries is 1itself an element in conservati&e management and may provide a

good nucleus for human settlement in new areas. it is important that forest
policy should be based on a careful inventory end a‘just appreciation of’thé
totéi ecology. This will allew minimal interference with the natural hab&tat :
or the way of l{fe of indigenous'peoples; even where it depends ,on traditional

systems of shifting cultivation and forest grazing. ] N

b. Animal husbendry

While in th%ieqégppy?al rain_forest_tﬁere ere usually too few domestic
animals to provide a balanced diet for man, elsewﬁere iivestock numbers may be
so high as to overtax the grassland on which they subsist. fhe frequent special-
ization of primitive egriculture on the production of cereals as a stable food
means that little fertile land remains for pasture‘andithe livestock best cared
for are the ﬁork»animals. Poorly nourished flocks and herds yield-little and
are prone to disease. The conservation ef the resource, while augmenting the
deficient profein fractioﬁ in human diets, calls for better managemen£ both of
pasture and livestock.

A first step, towards which considerable progress has already been made,
1s the control and eradicafion of disease, but it must be accompanied by a cor-
responding control of livestock numbers by providing incentives arid facilities

for disposing of surplus stock at meturity or for fattening off the range. . Na-

tural pastures generally exhibit marked seasonal drought and scarcity of feed
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which'can in some measure be countered by providing water points,lconserving hay
or silage ané supplemental feed from crops grown on agricultural land. In cli-
mafés where graiﬁ tﬁrives better than gfass the feeding of coarse -grains may be
economic 1f the livestoék,industrylis suffiéiently organized. The objective will
be to avoid undulatingilevels of mutrition in the life cycle of thg animal.

The improvement of natq{al or deteriorated pasture will seldom be possiblé
until grazing and stock numbers can be controlled;v then it may be economic to
apply fertilizers where molsture is not dgficient, reseed with local or exotic
species and correct'defiéiencies in' trace elements. Thelvalue of fhe improve=
ment'is to be measured in the variety and stabiliéy of the neQ ecosystem estab-
lished, in relation to climate, floral composition and the grazing habits of
the stock.

Since. the first priority in land use in deVelgping countries must usually
beva§Signed to food crops, the integration of agriculture and animal husbandry
in patterns of mixed farming is of the greatest importance and should enhance
the productivity of both sectors; by providing fodder and crop residues for
feed and enhancing the fertility of the soil. With higher agricultural yields
méfginal land can be revérted to range to the benefit of the entire envirénment.

-In arid lands where no agriculture is possible without irrigation pastoral nomad-
1sm will continue to be the best human use of the resource; its bréductivity.can‘

"be incrgased'and establishéd by making fodder reserves and water points access-
ible to the nomads and by providing a ready market for their produce.

Advances “in animal husbandry in tﬁe developing world call for further re-
search in tropical ;cology, the physiology of both the pasture and the animals
themsélves and the breeding of well adapted species of both. The poséible devel-
opment of new species of domestic animals from species that are now wild also

* needs further consideration.
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c. . Agricultural crops

In bringing land‘under cultivation man necessarily disrupts completely tﬁe
rpre-existing ecosystem and substitutes another that is generally more simple
and generally established anew with each succeeding crop. For continued occupa-
tion the farming pattern must nevertheless be stable and sufficiently productive
tb supply his needs. Indeed, for labéur'to be available for other empio&ments
each farm family must supportimany other workers; the fraction of the popula-
tion engaged in agriculture is an effective measure of the sophistication and
‘diversity of the‘commﬁnity. | |

Farm crops are all genetic modifications of naturally occurring species;
the highér yileld, resistance to pests and disease, or adaptation to particular
énvironments of newly developed varieties are the result of further genetic ex-
kperimentétion. " The highlproductivity of mbdern agriculture in developed coun-
tries depends on thelr introduction and the maintenance of the more exacting
soil, moisture, or phytosanitary conditions that such varieties require. Over
large areas a single crop may be dominant, as in the temperate corn and wheat
lands and in much of the developing world; Higher and more stable leveIS‘of
productivity are, however, éssociated with a diversity of crops gr;wn in rota-
tion, including grass.and feed for farm animais. In biotic status this may ap-
proximate more nearly to the original ecosystem, but neverthelesé it is a pro-
found modification.requiring large inputs of labour and soil nutrients and fur-
nishing an output of food and other products that is withdrawn from the system
to‘support a larger human community. k
A divépse crop pattern involves a caréfully timed series of‘operations on

the land which are often beyond the capacity of hand or animal labour and primi-

tive tools, farm power and farm equipment must be adapted to the task.
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Some sﬁch intensification of agriculture is required to support the grow-
ing populations of developing countriles an& set free labour for other oécupations.
New mah-made ecosystems must be devised for uhfamiliar environments and farmers
taught to foliow new ways. Nor éan they put the new methods into practice unless
all the required inputs are available to them and they havé'the economic support -
and incentives to grow and market larger harvests than are required in subsis-
tence agriculture. Former relationships between the community and the land, ex-
pressed in a traditlonal agrarian sﬁructure, can hardly survive unchanged. Their
perpetuation under néw patterns of prdduction»is likely to enribh‘thg few and re-
duce tﬁe farming populatioﬁ to a more servile status without either the incentive

or the freedom of action to adopt the required combination of a whole range of

new methods and make the best conservative use of the land.



V. THE CONSERVATION OF TRREPLACEABLE LIVING RESOURCES

A, THE LIVING TREASURES OF NATIONS

Whether they'be fecognized or not, each nation has within its boundaries
irreplaceable treasures represented by 1iving specles of’plants and animals,.by
natural environments and by areaé of unusual scenic value. The proiection of
these treasures 1s a duty of each government, that théy may be kept available to
future generations 6f people within the nation and the world. Their values are
both immense and in part immeasurable. Some of them are described below}'

'

1. Scientific values

a. Potential‘practical values.

Nbbddy'would question today that the wild species of grass from which the
doﬁesticated wheat was derived was a species of high value to mankind. It waé
noﬁ possible, however, to describe the value of this species until we had learned
to use it. 1In the 1936'5 few would have ;uspected that the bread mould, Penicilf

lium, was of high value. The moth, Cactoblastis, was'of negligible interest un-

til it proved capable of qontrolling the prickly pear pest of Australia. Stﬁdies
of the eggs of the sea urchin led to new understandings of animal deveiopment.

We cannot say what innate value a particular wild plant or animal méy‘have.

We cén say, however, that this potential value may be so great, that we should

' not carelessly ailow'a species to beéome extinct. Some extinctions will be in-
evitable as part of an evolutionary process despite our best efforts, but these
must be deplored. We could.behefit greatly from haviﬁg'available for study liv-

ing specimens of all species that have existed in the past. This benefit is
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denied to science. There 1is, however, no need to permit extinctions to occur
needlessly. : ]

‘b. Value of intact communities

It is easy to catalogue most of the species of birds, mammals and other
vertebrates and list the habitats in which they occur. For many of these we can
keep a close watch on individual populations and recommend measures needed for
their welfare. This 1s not'true; however, of the gfeater numbef of speciles of
blants and‘invertebréte animals. For these smaller, or less welljknown organ-
isms, we can offer little in the way‘of difect care, management, or protection.
To-preserve them we musp preserVe the nafural communities, of which they are a
.part, representative samplés of all the ﬁarious naturally occurring ecosystems
on earth. By providing protection for the community as a whole, we offer the.
best safegﬁard for the species tﬁat compose_it. Even this will not preserve all

specles, but it is the best that we can do.

c. Genetic reservoirs

Each nétion has a share of the worl& reservoir of genetic material. Each-
owes it to 1its people and to the world fo do what it can to protect. this méte;
rial. Each species is 1rrgplacegble. It'cannot be créated anew by man. Each
may contain an organic substance, a genetic combination, or provi@e an Iinsight
~.of knowledge that could some day be essentlal for human survival. The impor-
tance of saving wild species, of preserving natural communit}es, reservoirs of
genetic material for unknown theoretical or‘practical purposes in the future can
be considered as the "{nsurance policy" reason for conservation. It is a safe-
guard against future calamity and an investment in future human welfare. Since
our.knowledge of the functioning of our own agriqqlturdl systems is still lim-

ited, and our understanding- of .our present interdependence upon other species in
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the’biOSphere-is fragmentafy,'we may, thrdugh protecting wild speciés.and com-
munities, also be safeguarding against present calamities.,

d. Understanding ecological processes

The understanding of ecological ﬁroéesses is Qery often.obtaiﬁed by stud&-
ing the causes of amelioration or degradation'of the environment.i Buﬁ natural
-~ communities have also, however, aﬁ immediate‘practical.value thfough the contri;
butionsvthey can make to the understanding ‘of natural processes. The various
land-use systems that we devise in an effort to produce the commodities we need,
succéed or faill to the degree that they can adjuét‘to natural processes in fhe
‘ecosyStem. A stu&y of those factors that govern stability or productivity in"
natural. systems produces information that can be used to govern stability or
1proauctivity in systems hodified by man. An example is offered by the studies
carried out in Eastern and Southern Africa on wild mammals which have fe&éaled
greater stability and more meat production from‘natural biological comtunities
than can bé obtained if domestic animals are substituted for the existtng_mix¥
ture of wild species.

e. Behavioural studies

There are many experiments that can be‘cérried dut.and stugiés_that‘can'
be made on wild animal populations that are impossible. with fhe ﬁuméh'species.
: Behévioural studies under different levels of crowding andﬂsocial‘qrganization
are examples.  From these it is possible“ﬁo determine responseS‘énd eéffects that
may be looked for in humaﬁ populations exposed to similar conditions. Compafa-
tive studies of mammalian behaviour, part%pulafly-amdng the primateé, afe yield~-
ingvsignificant‘informétion ;hat is .useful to stud{es of human beh;viouf. Many
forms of behaviour, 6nce thought to be socially conditioned among men, are found

to be prevalent among felatéd mammalian species. -
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From the viewpoint of scientific value alone, both theoretical and applied,
adequate Justification can be found for major efforts directed toward the pres-
ervation of wild animal specles and the communities that support them.

2. ‘AAestheticAvalues

a. Beauty versus uglinéss

Although ideals may differ between cultures,lmost people would prefer to
iive in an environment that is aesthétically'pleasing, rather than one that is
:ugly. Some éan find adequate satiéfaction fromAattractively designed man-made
environments devoid of the more ob&iousiforms of non-human life. Others,'énd
ﬁerhaps the majority, want green plants and living things to give added variety
and aesthetic appeal to an envirdnmeﬁt. Many require some combination of wild
and tamed nature, énd some find most pleasing lanascapes from which man is en-
tirely absent. To provide aesthetically satisfaqtory environments for all
therefore requires planning for diéersity including maintenance of natural scen-
ery and the organisms that compose it.. | |

b. Psychological needs

It is difficult to postulate the degree to which man's psychoipgy requires
some contact with wild nature and natural landscapes. Man has only recently be-
gun to separate himself from a rural enVifonaent in which he was surrounded by
other living creatures, Qild or domésticated. It 1is not possible to.kﬁow how
well he will survive physically and psychologically without more contact with
oben spaces and natural things than many éf our present cities can pfovide. It
is obvious that some feel a strong psychological need for such conﬁact. The fu-
ture may'show that full realization of an individuél's psychological potentials
-depends on such contact. To sqtisfy the needs of those who require wild country

would be adequate reasdn for preserving an adequate amount of natural, open space.

e e
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c. Recreational needs

Apart‘from'psychological needs, there is an obviogs desire among many, if
not all, urban ﬁeoples,:to‘seek open space for outdoor recreation. All o% those
countries that provide national parks or other outdoor recreatlion space and have
transportation facilities by which people, can reach them find these areas crqwded
by Eity dﬁellers who seek the open space and natural scenery. The desire for
outdoor recreation is'almost universal among people whd have risen above a sub-
sistence level of é%istence. The space, ﬁowever, is most easily‘provided before
the need for i1t has become acute. Were there no other reason to preserve natural

areas, this would be sufficient.

d. Cultural records -
All peoples, save the most primitive, have passed through stageswof cul-
tural evolution leading to gradually increasing separation from natﬁral environ-

v

ments. An understanding and apprgciation of a nétionfs cultural past, however,
can be lncreased if the environments that supported the earlier cultural activi-
ties have been‘preserved.r A city dweller who has not seen a farm or a domestic
animal can hardly be expected to understand'the rural history of his people or
his own dependence upon the land. A person who has not experienced wild country
and animal life can hardly fathom the;diffigulties through which pioneérs have‘
lived and fashioned the more adyanced culture to which h® belongs. Thus, if
only to provide an understanding of manis long histéry and an appreciation qf
cultural evolution, 1t would be worthwhile to save some of the landscapes in
which it took place. Particular setfings‘of a wild or rural nature often have
unusual_value to a culture: the mountain on which a saint once iived, the tree
under which a treaty was Signed, or a battlefield where a nation's fate was‘de-

cided. Such.religious or historical monuments provide specific backgrounds for

appreciation of a nation's history. The preservation of archaeological sites
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such as Macchu Pichu in Peru or Angkor in Cambodia is recognized as worthwhile.
It 1s also desirable to preserve the natural setting for such cities or monﬁments.>

3. -Ethical values -

To some people all life 1s sacred and must not be destroyed by man. To
others there 1s an ethical imperative governing man's relations with nature.
These have been factors leading to the past preservation of ‘wild speciles and
places and to some are adequate justification for future breéervation.

a. Eastern religions

To the followers of certain Hindu religlons life is sacred. This belilef
may be carried to the poiht of complete vegetarianism and the avoidance of kill?'
ing'any form of animal life. The troublesome "sacred cows" of India are a re-
sult of the particular reverence extended to this animal. On the positive side,
many wild aﬁiméls that might elsewhere have become extinct have been preser&gd.
The belief in the sacredness of life becpmes even more rigidly adhefed to in
many forms of Buddhism and had its effects uponlthe preservation of species in
many éf'the nations of eastern and south eastern Asia. Unfortunately; the pro-
tection offered to animals seldom extends to their habitat. 'Since the two are
interdependent, the widespread destruction of habitat has led to the serious dé-
pletion of animal species. Exceptions may be noted, however, in sites protected
for religious reésons, temple éardens for example. Iﬁ such places species have
been preserved that have elsewhere become extinct: the Ginkgo tree from the
temple gardens of China and Japan l1s an examble.

b. Western religions

Reverence for non-human life has not been a characteristic of the Western
religions, Jewish, Moslem or Christian. A belief in man as separate from other
animals, the only species with a soul, may have had some relations with the wide-

spread abuses against nature in Western societies. There‘are, however, religious
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leaders and their followers among Western religions that have Been inspired by a
belief in the sacredness, or value to God, of other living things. Saint Francis
of Assisi is an early éxample among Christians. Albert Schweitzer, with his doc-
trine of "reverence for iifeﬁ is a recent one. Religious.beliefs,'such as the
avoidance of pork by Jews and Moslems, have had some spéring effect upon wild
creatures. The over-abundant boars of West Pakistan are as much a consequence
of rgligious belief as are the cows of Indla.

c. Modern philosophies

Aldo Leopold, a leader in American conservation thought, has spoken of the
need for development of an "ecolqgical conscience" and a "land ethic" to govern
man's rélationship with his environment. . In such an ethic one would recognize
‘the rights of other species in thé way that social ethics recognize theugights
of fellow huﬁans. The development of ethics toward man's dealings with his en-
vironment and of avconscience governing his relations wifh other spécies are de-

sirable goals not yet 'widely achieved. PérhapS'an adequate expression is to be

found in the statement of a Nigerian chief: "I conceive that land belongs to a

vast family- of which many are dead, few are living, and countless members are

st111 unborn." If the consequénces of this conception were accepted in our‘rela;

tionships with our environment, destructive use of land and nature could be
hal;ed.

L, Economic values

a. Direct commodity use

Natural communities and wild species have a direct commodity value in ad-
dition to the non-cbmmodity values tﬁat have been’preViously expresséd. Thus the
higher commodity value of wild animals gslmeat producers, compared to domestic
stock, has been demonstrated in Eastern and Southern Africa.. The higher commod-

ity value -of a combination of wild and domestic species has been shown in the
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United States and Australia, along with other areas. The high commodity value
of a singie wild species, the salga antelope, has beeh shown in theﬂUSSR, along -
withAthe possibility for domestication dé@onstrated by the previously wild eland.
The fur trade is an eXample-of a long established commercial use for wil& spe-
cles, parficularly those occurring in arctic.regions where fur production méy be
a principal economic use of the iand. Ivory from elephants, musk from musk-deer,
o1l from whales, plumes from birds-of-paradise are all examples of valuéd com-
modities produced by wild animal life. _In places these may be the most benefi-
cial commodity use that can be made of a particular environment. Elsewhere,

some combination of wild with domestic commodity prgduction may be mostvdesir—
able. Unfortunafely; through ignorance, as in some parts of Africa, the higher
commodity value of wild species is-often sacrificed. for a lower,’ but ‘more famil; -

lar value for domestic spedies;

b. Indirect economic use

In some_countries an@ in portions of all couhtries.high economic values -
are derdived ffom tourism. Nations withlmagnificent scenery or wild animal
wealth such as East Africa gain significant increments of national income from
. intérnational téurist trade. The value of this trade aione'justifies.consider-
able.nafional expenditures toward the protection of those résources that encour-
age 1t. The national parks of Kenya, Uganda and Tanzania are examples 6f this.
Within a nation the movement of resident tourists serves to transfer wealth from
urban centres to rural areas, benefiting local economies and permitting the de-
.velopment of the services and amenities‘that thé people in rural areas reqﬁire
or desire. | |

‘Wiidlife andlfisheries resources havevhigh‘potential vélue, apart from

their direct commodity use, as means for providing recreation for those who wish

to.hunt or fish. In some countries these are popular pursuits and like tourism
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can attract international sources of-funds for their development or pursuit.
Within a nation sport hunting and fishing can serve to transfer wealth to local,
rural economies for the overall benefit of fhé entire nation.

c. Cohtributions to productivity and stability of commodity-

producing lands

Through providing ecological diversity, the pfesence of natural areas,
large or small, can be of benefit to lands used primarily for crop production.
For reéséns described earlier, such areas of natural vegetation contribute to
the stability of watersheds and help to guarantee_sustained flows of useful‘wa—
ter. A variéty of wild species in an area through the opefation of biologiecal

controls can be an aid to the prevention of local outbreaks of pest speéies.v A

Y

diversity of vegetation in an area will be less favourable t& the development
and spread of plague proportions of pest organisms. There is a need for long-
term studies to compare the sustained productivity of agricultural and forest

crops between areas with highly diversified 1and-use and vegetation and areas

entirely cleared and used for extensive monocultures.

B. A CLASSIFICA?ION OF PROTECTED AREAS

Once the-decision has been made to protect the irreplaceable elements of
land§oape'and biotd, 1t 1s essential to determine a programme for conservation
and management. The.progfamme will vary with the resource belng protected and
the purpose for which it will be protected. Thus a rocky peak, famous for 1its
scenlic value, may require no specific coﬁservation or management measures save
prevention of qﬁarryihg or dgvelopment and pefhéps‘soﬁe measures to protect ité
visitors. An endangeréd species, on the other hand, may reguire the maximum de-
gree éf legal protection along with a prbgrahme of habitat restoration. Some
resources, for some purposes, are best protected by resefves ér parks. Others

need only a degree of reasonable legal protection to prevent ovér-exploitation.
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In the following presentation, resources requiring the strictest protection will

be considered first:

1. Natural areas

| Natural areas include those completely or relatively uhdistﬁrbed by man in
the sense of willderness or primifive areas and also areas in sub-climax, discli;
max, ar successional stages representing communities created by various levels
of disturbance. Thus it may be desirable in some areas to preserve, for example,
'a'climax broadleaf, deciduous forest;l an area of sub-climax pine forest created
\in the past by wldespread fife, hurricane, or other disturbance; a meadow stage
and a shrub stage of successional vegetatién developed on abandoned farm land.

The protection of the first would require.complete freedom from disturbance, for

the others it would require_maintenancé of whatever level of disturbance 1is ne-

cessary to guarantee their perpetuation, the use of%fire, land clearing, plough- ‘

ing, etc. Natural areas are best protected in various typés of reserves, parks,

management areas, or public forésts:-

a. Scientific reserves

(1) Striet natural reserves: Purpbse: The preservation of representa-

tive areas of undisturbed or climax biofic commuﬁities for scientific stgdy.
Disturbance. of all kinds ﬁill be prevented in such areas, such as that resulting
from 1ogging,_grazing of domestic livestock, hunting, fishing, tourism, develqp-
‘menf of water-resources, commerciél or urban-industriai development and égricul-
ture. Scientiflc uses will be restricted tp ébservations or surveys that require
no significant disturﬁance Sr establishment of permanent installations. Edﬁca-
tional use will be carefully contfolled and of kindé that involve nordi§%urbance
to the area. All useé will be on the basis of perm1£. This type of reserve

i

must be subdividédiinto_two categories:
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Class A. To be kept fréé from all humanvinterference other than that des-
eribed above, including that associafea with fire suppression,
control of insects, or contfol of othe} pathogenic organisms

Clasé B. To be brotected against fi;e,-or other hajor.damage through in-
sect or diseése organisms in order to maintaiﬁ the kind of com-
munity that would devéldp as a result of such protective measures.

No size limit {s established for a strict natural reserve. Both the desi?-

able size required for protectidn of thé total community involved including all |
associated ahimal species and the boundary characteristics needed to eliminate
undesirable edge effects should be determined by competent sclentific authority.

A striet natural reserve .may be proclaimed primarily for the-protection of

endangered specles 1f the Species concerned are those thét'would benefit from
complete ﬁrotection of an undisturbed habitat. 'It would not be recommended fof
a species that would require habitat maﬁagehent, predator control 6r other forms
of managgment that would involve disturbance of the reserve.

(2) Scientific management area: To maintain representative areas of bio-

tic communities, both‘previously undisturbed and successional, for the purrose
of séientific managemeﬁt-and study involving various leyels‘of-disturbance to the
community; All kinds of scientific research would be permitted under the permit,
including those that require disturbance or removal of vegetation or animal 1ife,
or the qonstruction of various installations. Limitéd educétional use would be
allowed under permit. Other public uses would be»épééial exceptions. Compati-
billity of varying scilentific uses would be determined by the management agency
under competént sclentific advice. Size and boundaries of the area would bé de-
termined from recommendations of competent scientists. The location of scienti-
fic management areas adjacent -to or near strict natural reservés will be generaily
desirable, both to buffer the reserves and to provide for study of similar com-

munities under different levels of disturbance.
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"b. National Parks

Purposé: The preservation for.public recreationél use.and enjoyment of
natural areas representing sites of unusual scenic. attractiveness or those with
unusugl or rare biotic communities of great pﬁblic interestf To be maintained
free from disturbance, except for thqse management activitiés<determined neées-
sary fér the maintenance of the deslrable scenic or biotic attractions and for
those developments necessary for public use and enjoyment of the area, providing
thét those developmentsldo not interfere with the preservafion of the scenic or
blotic vélues of £he park. The park will also accommbdafe those forms of scien-
tific and educational use that do not interfere with the preservatioﬁ of scenic
or biotic valﬁgs. Generallf speaking a national park will be an area of lérge
size and unusual quality. Size'quglifiéationsvrecommended by IUCN‘are 500 hec-
tareé minimum in countries with populations equél to or exceeding 50 persons to
',thé'sq. ln., and 2,000 héctares. minimum in ‘countries’ with populations less than

‘50 persons per sq. km. ’Nétiongl parks are to be divided into two categories:

(1) Wilderness parks or zones. Those in which roads or other facilities
for mechanized trahsport are not developed. Use restrictéd to those willing to
travel by foot, domestic animal transport, or non-mechenized boat. To be main-
tained és closely as possible in a primitive state without developed touriét
facilities, other than necessary foot trails and lightly developed campgrounds.

(2) Tourist parks or zones. Deveioped in accordance with the limitations

described in baragraph 1 for use by fourists employing motorized ﬁransport, in-
cluding necessary roads or other transportation facilities. Where already exist-
ing in‘establisﬁéd barks, hotelé, restaurants and other tourist facilities are
permitted; however, every éfforf shoﬁld be made to locate these developmenps
outside of park boundaries: The type of.developmeﬁt to be found in Banff or

Jasper in Canada's parks should Ee avoided inside boundaries of national parks.
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A single national park may'ﬁe subdivided into two zones, a wilderness zone
and a tourist zone. Generally épeaking, where conditions permit, a national park
may surround or adjoin a strict natural reserve to the mutual benefit of Both
areas;. it may adjoin but usually should not surround a $cientifiq.management
area 5écause,of the proﬁlems of restricting use in the latter area.

Because of past ambiguities in management pracfices in which wilderpess
preservation was. not cohsidered essenﬁial to national park policy, a national .
park not designated as a wi}dernesé-park, or as having wilderness zones, will be

assumed to lack wilderness attributes.

c. -Special reserves ,

Natural areas not qualifying for inclusion in the systeh of sclentific re-
serves or national parks may,bé designated as special reserQes. Tﬁese,@ay be
‘created for the preservation of rare or'endangeredispécies where this requires a
~ speclal managemen£ incompatible with national pgrks or scientific reserves, or
for the preservatiqnﬁpfﬁhistorically and culturally valuable sités. Parks not
large enough or sufficlently unusuat in character to qualify as national parks
will also be considered to fall Into this category. ,Sﬁecial reéerves may or
may not be open for public recréation and tourism depending upon the compatibil-
1ty of these activities with the primary purposes for whichythe resérves are

established.

d. Special management areas

Areas under natural vegetation used primarily for .the purpose of produc-
tion of commodify\resources, but secondarily open to public recreation are in~_
cluded iﬁ this cateéory. The national forests and public_domain lands of the
United States, managed for the production of tihber, rangé land, watervresources,
hildlife for hunting dnd fishing and public recreation are examples in this cate-

gory. National recreation areas, in the.United States, designated as serving a
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primaryvpublic recreation fdnction, but used élso for coﬁmodity production would
also be included in this category. fAreas used éxclusively for cbmmodity produc-
tion and without access or deveiopment for public recreation will not be includéd.‘
In,land-use planning it 1is desiréble tolbuffér'national-bafks and scientific re-
serves with spécial management areas to be maintained in natural vegététion, but
used for production of wild-land commoditiés. This avoids the nearly incompatible
Juxtaposition of parks and scientific ?esgrves with intensiver developgd agri-
cultural or urban—induétrial lands. |

Bésides the encroachment of cultivation and other uses'upon the natural en-
vironment a converse trend may often be-observgd in developed countries; and per-
.haps to a less extent elsewhere in fhe world. Changi?g social and economic val-
ues lead to the neglect or abahdbnment of land forﬁeriy more intensively uséd;
Examples-ofvthis trend may be seen in some upland paStufes of the British Isies
no longer an écoﬁomic base for animal husbéndry in competition wifh a more inten-
sive farming pattern, in the impoverished hill pasture and foresf éf southern
Europe and in abandoned farm lands of the eastern United States. |

Abandonment cannot in itself cénstitute a constructive méasure of feSoﬁrce
conservation or restore the natural heritage with its scientific and aesthetic
values. While limited areas may be sultable for inclusion‘in nature reserves
"and parks; it is ﬁore important that neglec¢t should not be allowed to diminish
the ricbness and varlety of tﬁe environment as a whole. .Rational planning should
seek to assign'and promote appropriate uses and provide the transporf and other-
facilitiesvthat can make such areas an asSet, rather than -a liability and an eye-
sore. Thus, the relative scarcity of meat; milk and fpreSt products in Mediter-
rahean countries could be met in part by better management in the public interest
of neglected upland areas; Well plénned non~-intensive systeﬁs of production,

‘which might well cover the cost of management, would enhance rather than diminish
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the ecologlcal status_of such land as a reservolr foriwlld species of plants and
énimals and also their amenity,valué for the human society.

2. vGeneral management of wild species

The.owhership of wildlife is herein assuﬁed to rest with. the geneféi public.
This ownership may be delegated by the State to,priﬁate individuals under condi=-
tions to be specified éy the State with full considerafions of the publié inter-
est. The importance of preserving wild species outside qf parks‘and reserves
should be generally recognized. For many species of wildlife, including most mi-
gratory forms, it is impossible to establish'reéerVes large enough to provide
complete protection.. L;gal protection, with adequate patpol and enforcement,
must be extended by Government to these specles wherever they occur. Rare or en-
dangered species of wild animal and plant life must be extended full protédtibn
at'all‘times. Cropping for sport, scientific, or commercial purposes normally
1s permitted for moré abundant species of wildlife, except in those parks .and
reserves where‘sucﬁ cropping is incompatiblé, but this always must be done under-
licence or permit frqm the appropriate government authority. The level of crop-
ping must alwaysvbe_coﬁpatible with the preservation of the species and the prin-
ciple of sustained yiéla. In addition té special protection offered to wild ani-
mals and rére or -endangered specles, land owners or managers should be encouraged
through educational progrémmes to protéct natural habitat and wild species wher-
ever thié is compatible with(the primary use of the land. The goal in overall
land management, of maintaining diversity, will require particular attention to
- the preservation of natural open épace and wild-species wherever fhis is ecolo-
gically and economically feasible.

"Special attention should be given to the réle of natural areas and_wildlife

¢

in urban areas and areas of intensive commodity production. For many inhabitants

-

of these areas, visits to'wild\parks and reserves may éeldom be possible. The
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psychological and educational behefits'of contact with-nature and wildlife can
only be obtained through an adeéuéte ﬁnd fepresentative natural area system
throughoﬁt all categoriles of lands. These,qrban'parks and greenbelts will not
_requilre nécessaril& the spéciél protection offered to major parks and reserves.
The important requisite is adéquate care to provide open spaée,'natufal béauﬁy
and contact with compatible specie$ of wild animal and plant life for all people

who desire or would benefit from it.
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VI. RATIONAL USE OF THE BIOSPHERE

'A.  GOALS FOR MANKIND

‘There seems little disagreeﬁent that the sclentific knowledge and tech-
nology developed during the Twentieth century hold out a hope for mankind that
was never bef;re jﬁstified.‘ The prospect of meeting the needs of the existing
world population for food, fibre and other éssentials for living is brtghfer
than could have been foreseen a few decades‘ago. The brospect'of meeting the -
needs of an ever-expanding world population, however, is as remote as it ever
has beén, The availability of scientific tecﬁniques does not guarantee their
applicatioh to human problems. The existence of é technology capable of pro-
viding benefits to all mankind does not neéessarily imply that it can or will
be used to improve humanlwelfare. | |

In many areas we éee evidence that technology is lop-sided and out of
hand, that urban-industrial development and the extension‘of facilities to serve
urﬁan—industrial centres is destroying the amenities that make living worthwhile,
and evén threatening the continued existence of human life.in areas of extrgme
populatioﬁ congestion. Thus the air in blaces such as New York City, London,
Los Angeles, or Tokyo receives such a high level of pollutants that massive mor-.-
bidity and mortality only await the fortuitous-combinatiqn of meteorological
events that‘will prevent ﬁprmal air movement across fhese cities. To a surpris--
ing degree we have allowed our technology to dictate the conditions ﬁndef which.

we must live, rather than using it to create a better environment. To a degree
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we have allowed our knowledge of what 1s technologically possible to influence
our predictibns of what is economically and socially probable. Thus we hold 6ut
félse'hopes of prosperity and‘abundance.' It is impdrtant that humanity analyse

its goals and direct its means, its technology, toward achieving those goals.

1.  Choices for the future
We have basically three choices, or various modifications of thése, to

select from.

a. Minimﬁm subsistence for maximﬁm nuﬁbers

We can chénnel all.available resoﬁrces and use ail availablé'space to pro-
vide aAsubsistence eiisteﬁce for"the maximum number of people that the earth can
keep alive. All of us would consciously reject this as a goal. In practice,
however, humanity is gehéving in many parts éf the world as‘thoughtthis were in-
deed:the'goal. ’The hundreds of millions of people in parts of Latin America,
Africa and ASia.exiStihg ét the edge of famine are evidence enough; The ultimate
)

.cohsequénce of pursuit of this goal is the recurrence of catastrophes.

b. High material stendards for maximum numbers

We can channel- all availabie ?esdurges‘and use all availaﬁle space to pfo;
Vide a high'materialfstandara of living for the greatest number of people that
. can be accommodated at such a 1evei, with disregard of natural Qalues 1ﬁ favour
of an‘artificiai'éxistence.~‘A1though not stated as a goal, this 1s a consequence,
" perhaps unforeseen, of the "religioh of growfh" ;hat is widely accepted by indus-
trialized, technoloéical éocieties. In thesé, nafural values are usually sacri-
fi;ed in favouerf increased produétion ofzthOSelcommodities that enter.thé
marketipléce and show up in-ihdices of eéonomic'gain.' The daily life bf a
middle-class'apartment dweller in downtown Tokyo 6r‘Néw York could exempl1fy )
the relatively high material standard of IiQing; high.ievel'of'consumptidn of
.écdnomic goods and almost complete 1éék Sf éontactAﬁith thinss that are not
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man-made, that would characterize the continued pursuit of economic gain at the
expense of natural values. | |

The result§ of,cohtinued emphasis upon ever-inereasing commodity produc-
tion and pépplation growth at the expense of the natural environmenf'afe predict-
able: inéreasing pollution of air, iand and.water;. diSruption of natural eco-
syétems to the point where productivity and life is threatened; a constant war
_to control pests and plagues; and ultimately perhaps the evolution of a differ-
ent type of human being, able to tolerate such an existenée, along with the elim-
ination of all those who cannot. Continued emphasis-bn-ebonomic growth at the
expensé'bf_natural values, along with the inequities in distribution of material
goods that apbear to accompany .such a pursuit‘could increase the probability'of'
international conflict through growing competitioﬁ for markets and raw materials
to a degree that the continued existence of mankind would be in doubt.

c. Quality of living for optimum numbers

The human goal that is implied in the concept of rational use of the bio-
sphere is one that would seek a comﬁination‘of a high maferial standard of liv-
ing with é retegtion of a maximum variet& of naturgl and man~-made environments,
including protection of.nén—humén speéies and the valugs of wild nature. In
such an énvironment,.thereJWQuld be the retention of opportuhities for cﬁangé
6f-direction, for the creation of different ways of living; since all resources
would not' be chahnelled‘or‘utiliZed and an abﬁpdance of living space would be
available. Attainment of fhis goal would be possible only for a human popula-
tibn held at a compatible level, pérhaps a level that could be desecribed as an
optimum abundance of people.\ The actual numbers involved in such an optimum
population cannot be described in genébal terms, since they will vary with'na—‘
tions, cultures and levels of technology. From an,écological poiht‘of view this

conqépt corresponds'with that of an optimum density for an animal species, one
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at which we seek to maintain those animals that we mapage; From an edological
viewpoint also, this appears to be the only realistic goal for humanity, oﬁe in
which the survival of free, psychologically whole individuals remains possible;
Indeed} whether or not it is apcepted as a goal, this orientation toward quality
"of 1life in place of quantity of people and of economic production is the only
chancevfor retaining.permanency of human civilization with full opportunities
for individuals to develop their human potentials;

v2.' Orientation of means toward ends

That our technology and our behaviour is not oriented toward acceptable
goals for humanity is a result of numerous factors. To a degree it represents
a lack of khowledge, a failure to understand the consequences of our own behav-
.iour, to a degree an inability or unWiilingness to lookfahéad and plan effect-
ively for the long run, and at times it represents an unwillingness-of individ-
uals to concern themsélves with the fate of their fellow men ér of future genera-
tlons, through the desire to galn wealth or power for themselves.

a. Ecological ignorance

Ecologicalvignorance is sti1ll widespread. Thus the effects of broad-
‘Spectrum, persistent, pesticiées upon the environment could have been prédicted
by ecologists. The pesticides, however, wefe éeveloped and tried without ade-
quate ecoiogical knowledge on the part of the users. Their continued use re-.
flects, however, not only ecological ignorance, but a willingness to sécrifice
the welfare of all and to ignore future conéequenceslin an effort to achieve
shoft-term gains for a few. Ecological ignoranée has often been involved 1n the
overstocking of semi-arid rangelands, in the abuse 6f watershed cover, in the
removal of ' productive forests, in the building of dams that are never filled to

irrigate lands that soon go out of préduction;,of in the pollutioﬁ of air by the

by-products of internal-combustion engines. Where the’ignorance is overcome,
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however, the practice may still continue because of the failure to place the wel-

fare of the nation or humanity above the economic gains of some individuals. o

b. A failure to plan

In general, the long-term effeets of man's activities are not adeqﬁately
considered. A‘feilure to plan is still prevalent. A failure to take all iden-
tifiable fectors into acceunt in planning is more prevalent. The need for conf
sideration of conservation values and of ecological principles in economic-
development planning is'widespread;‘ To a large degree, engineering, economic
and political considerations eénter into such planning as is done, but seldomeie
adequate attention. given to ecological factors that will determipe the long-
range success or failure of a plan. Planning is often shoft—range,-based oh im-
mediate economic gains. and locel political cycles; Budgetsefor many govepnment
agencies must be,approvedvannually. Long-range programmes approved by one legis-
lature are vetoed in a few years by the next. Political expediency demands im-
mediate results, at any cosf to the environment, to justify:fufure finencing of

a programme. 'Economists prefer to plan for no more than five years and never

for more than twenty. To be rational, in the long run, planning must be long-

range and'consider the redlities of the blosphere. Planning. in iteelf can mean
little unless effective political, economic and social means for its implementa-

tion are devised. Many Utopian worlds exist in the literature of planning. -None

1is to be found on earth.

3, The limitations of space

We are now sufficiently aware of our solar system and the universe to know

that we dwell on a small planet of a minor star in a planetary system that is

'apparently generally inimical to life. .Our continued existence depends on our

ablility to cope successfully with:our population and our environment. We are

condemned to live on this earth and cannot migrate in numbers to other planets.
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We cap continue in ways fhat must ultimately destroy mankind, or we can adjust
to the limitations of our planet.

Our'predicaﬁent i1s not unlike that faced by the inhabitants of a small
island, cut off'from confactbwith the outer world. It was faced bj many:primi-
tive peoples in the past and most of thém adjusted to i£ well. ?he discoverers
of the more remote islands of thg éarth found commonly that the primitive islaﬁd-
ers haa ménaged to maintéin moderate numbers of people in environments that were
kept amenable to man. The impact of advaﬂced civiliéations and later of the in-
dustrial revolution completely disrupted the ecology on many islands and has '
brought some near té‘the brink of disaster.>ARelatively unchecked rates of popu-
lation increase, the destruction of natural environments and oftéh their replace-
ment by‘a precarious monoculture, have combined toibfiﬁg exéésé human misery to
islands such as Santo Domingo, Reunion and Mauritius. Whereas the limits of the
environment appeared obvious to many primitive peoples, modern teghnoloéical so-
elety, with its promise of abundance and its too frequeﬁt aelivery of Suffering,
vhas shown an unwillingness to recognize suéh limits. If we cannot notice the re-
'lation between richness of the environment, optimum levels of population and hu-
mag>well-being in relatively sﬁmple island ecosystems, there seems scant hope
that we can see it for the planet as a whole. One can suggest only that an in-
ternational effort directed toward rational use of island ecosystems might help

to point the way for the earth as a whole as well as provide better conditions

for the islanders.

B.  THE LAND-USE SPECTRUM

In all natlions a spectrum of land-use exists, ranging from the most inten-
siveiy.used urban or industrial areas to the lighﬁly qsed wilder lands. All
parts of this spectrum need consideration in,lgné-use planning. No pért should

be developed without cbnsideration of the effect on all other parts. - It is
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essential in the long run to obtain the.ﬁighest value, dommoaity or non-commodity,
from each area of land. It is essential that uses be both compétible‘and capable
of Being sustained. To éccomplish this it is necessary to classify lands and wa-
ters éccording-to their capabilities; When this has been done, priorities must
be developed for use that recognize not only the capabiiities of the land, but
the adaptability of the kihd of use.to the sites that ére avalilable. vHigh bri-
Arity must be given to those uses that are necéssarily fixed ornlimited, lower
priority to uses that are more)fiexible in site requirement. ThereAmay be only
one reasonable site choice for a harboﬁr development or a nationai»park, but
great numbers oprotential siteé‘for highways or housing.

1.. Multiple use of land

The concept of multiple use implies that land may. serve more than-one use-
ful function. A timbereq region may be growing wood products, producing wildlife,
providing space for recreation, stabilizing soill and regulating water yield af
thé samé time. When an area; through pfoper management, can serve several fﬁnc-
tions at the same time, 1t may be of benefit to soclety to have it do so. How=-,
ever, priorifies in use must be rgcog@ized and related to the values and capabil-
ities of the site. Ihcémpatibility of some uses must also be recoghized. A sité
bgst adapted to the growing of commercial timber would not normally be used sim-
ultaneously to Supporp intensive grazing,-;ince the ﬁses are 1argély incompatible.
The use of an area as é'scientific reserve or wilderness park is incompatible with
commodity production or intensively developed public recreation. |

The concept of multiple'usg is more applicable to a region than to a parti-

. , , .
cular site. Since sites will differ in their capability the region will best be
used when it 1s serving the many purposes to:which the sites within_are best

adapted. A scientific reserve or wilderness park will often benefit if the sur-

rounding lands in a’region are developed for such uses as public outdoor
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recreation or commercial timber production, since thesevusesdcan provide a buffer
against other more/intensire and incompatible uses. Uee of an area as a'factoryl
site-necessarily-rules out its use for other purposes. However, industrial use
of an area will benefit if the industrial sites are buffered by greenbelts or
other space use that prevents encroachment of 1ncompatib1e neighbouring uses such
as residential houstng. Thus multiple-use concepts are adapted to the proper
planning of the development of a region, but limited in their application to any
specific plot of land..

2. Sustained yield

The concept of sustained yleld 1s basic to the management of land and 1liv-
ing resources. Land should be capable of sustaining the uses to which it is put.
Uses that are extractive and cause deterioration of the useful capacity of the
site should normally be avoided. Theldenande piaced upon soilror biotdic resour-
ces mustdnot, in the long run, exceed the capacity of the land or biota to sup-
'ply them. |

For agricultural lands sustained yield means the aVOidance~of uses that
cause impairment of their productive capacity by loss of fertility, breakdown of
soil structure, or other forms of depletion. For forest lands, sustained yield
implies‘management in such a wey that production of forest products 1s continu-
ous. Wildlife populations must be cropped at levels that do not exceed the re-
productive capacity of the specles. Management on the basis of sustained yield
is appllcable to all living resources and helps to guarantee their continued
productivity. Determination of the yield'that’can be sustained, which varies
from one site to another, remains for many‘ereas an object of research.

3,  Land classification

A Tirst step toward rational use is the classification of land and living
resources according to their capacity to sustain use. The techniques for
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classifying lénd for commodity production in temperate zone areas are now widely
known and ﬁsed,.aIFhough always subject to improvement and will not be discuséed
here. In the tropics ﬁuch more research is needed before land classification
techniques can become highly reliable. However, in land classificatioﬁ, there
are qertain_criteria whiéh are never normally taken info account and ﬁhich‘should
be given particular atfention. For example, two critéria should be considéred:

(a)- Does the site have any épedial or unique gqualities of scenery or
landscape? If these are outstanding the site should‘be designated
for uses that will be compatible with prgéervayion of these quali-
ties, even though the site isbotherwisé capable of being used for
more economically profitable purposes.

(b)  Does the site support a'biotic community of special inﬁerééégi The
presence of rare, unusﬁal or endangered species, or of outséénding
examples'of plant or animal communities will indicate that thé site

_ should be used only for purposes that will preser&e these snecial
biotic qualities. . : ;

For sites that do not have special quaiities of scenery,. landscape or

blota requiring special measures for conservation, the usuai land-capability

. eriteria will be considered in classifying it for other uses. These'include'the
climate, soil, géology,and hydrology, biota, slope, drainage, stability under

use and so forth. _Classification will specify the usefulness of the site for
sUstainedAaéricﬁlture, pastoralism,iforéstry or other uses and land-use planning
and control will be based upon this classification. ’The'agro-climatolégical sur-
veys that have beenbcbnducted in the Middle East and in Africa under the leader- '
ship of Unesco, FAO and WMO represent an effective step toward such land classi-

flcation for commodity production; However, in overall land-use planning the

following additional point needs full consideration:
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(¢) The skills of landscape design and architecture need full‘considera—
tion in any plan; Thevarréngement of people and land uses should :
favourldiveréity and beauty in the environment as well as practical
goals. To preserve environmental quality the monétonous development
of uniform uses or repetitive patterns need be avoided even:at the
cost of qommodit& values. Diversity provided primarily for aesthétic
purposes will havetbenefits in human.welfare and can bé expe@ted to
pay ecological dividends in sustaiﬂed regional pfoductivity. 'Parti-
cular attention need be given in the de;ign of towns and citles to
the development of new and divérsifiéd patterns of residentlal, com-
mercial, industrial, transportation and recreétién-space to create
an environment attractive to those who must live within 1t, and to
provide distinction and identity to éach community.

4, Water-use principles

The same criter}a ﬁsed for establishing broad land=-use classification and .
prnciples need also be applied to water. Since water, unlike land, moves
through ecosystems-and affects all parts of them, special care must be given to
its use. In general, the concepts of multiple use and sustained yield apply as
well to watersheds and water production as to the use of land; In classifying
water areas for use, special consideration should be given to principles that
ére often, today, ignored: \

(a) Water areas with unusual quality for scenery, or prsessing:unique
biota or high recreational potential shouid be considered first and
if possible reserved for uses compatible with the rétenﬁion of |
'theﬁe values.

(b) Since water pollution can ultimately destroy the usefulness of a

water resource and seriously impair the quality or health of an

N
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entire environment, every effort must be made to avold excessive
dependence on waterways for waéte disposal. The»development of
techniques for recycling and.reusing potential pollutants neéeds to
be given high priority in every nation. The sanitization of urban
sewage for ultiméte return to the soil requires speéial attention

- in all nations. ’ |

(¢c) = The development of water for power, irrigation or othér uses through-

constructions of dams and other installations needs to_be viewed
with consideration of all values po be affecfed by such developmenf.
Where such developmént leads to serious impairment of environmental
Quality, a full exblofation of alterﬁate‘sites for develbpment and
of possible/relocation of the peoplé or facilities for which‘phe‘
development is needed must be undertaken.

5. Air-use principles

Air, like water, moves through ecosystems and 1ife depends equally upon
its quality and purity. The care of water quality‘and of air quality are of
'egual importance. Every effort must be made to avoid excessive reliance-upoh
air for the disposal of waste.productslcreated by oxildation ox fuels‘or other
‘chemical processes,, }Recycling and reuse of potential air pollutants needé full
and detailed study. Development ofltransportation and industrial processes that
do not result in air pollution deserves a high priority. Cargful desigh and
planning of traﬁsportation’networks and urbaﬁ-industfial sites can help minimize

pollution of the air.

c. PLANNING AND CONTROL

Parks, reserves and wild species cannot be maintained without adequate at-

tention to the overall question of land-use and resource planning. Uses must be

adjustéd to and éompatibleAwith the capabilities of the land in all areas of any
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nation.. bestructive use inlbne area will influence. the future of all other
areas. Excessive population pressure on any category of land, whetheg it be a
national park or agricultural land, will in the long run défeai the purpose for
which the land has been designated.

1. Priorities for use

In the past land-use planning has usually pfocéeded,by designating first
the areas to be used fbf those purposes with the hiéhest economic value, usually
measured over a short period of time. Urban-industrial use thus'normally re=
ceived a high priority, whereés other uses were considered secondary. Within
cities, iﬁdustrial, commercial or.residential use received high priorities,along
with transportation. Futﬁre priorities need take into account a longer-range

and broader view with full consideration of ecological realities and conserva-

' tion values. With.such consideration the areas necessary for scientific<reserves,

‘special reserves- and national parks would be'given the first priority in planning
X 2

since these "are . fixed resources that’ cannot be‘accommodated except on the sites

[

* to which they are by.nature bound. One cannot create a Grand Canyon National

Pérk without a Grand Canyon, nor a Serengeti Park without the plains and the
game herds. Similarly, in the pianpihgvof cities, the épen spaces, natural,
areas and-/greenbelts should be designated first, since these"give form gnd de-
sign to the rest of the city and will détermine in large-degree whéther:it will
be amenable to human occupancy or to a degree inimical. Adm;ttedly in estab- |
1ished cities or settled lands such prioritieé cannot readily be asserted.‘ Theyb
should nevertheless be taken into account in the guldance of all future develop~-
ment.

Again, because of ecological necessities, such as the nature of terrain,

solls and climate, the protection of high-quality agrioﬁltural land should re-

ceive high priority in planning, so that unwarranted encroachment for incompatible
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uées; residential, industrial,-transport; etc;, can be limited and qontrolled.
Highly productive forest sités, also determined by soil, terrain and climafe,
require a similar high priority in planning. Uses that are more flexible: high-
way and rail routings, locatlions of residential areas, certain gategories of
commercial and industrial sites and the like, should be adapted to lands not re-
quired for' specific and largely~fixed uses, even though immediate, short-term,
economic returns may be greater from the more flexible uses.

| The changing land-use battern in the devéloping world must be planned with
equal care if the irfeplaceable inheritance of nature 1s not to be impoverished
“or destfoyed in manl's attempt tondeploy‘hig‘technical knowledge to improve his
material existence. The growing demand for food and other éonsumer goods re-
quires én agricultural revolution to briné more land under cultivation and.at
the same time increase productivity per un{t area and per head of the';éricul-
tural §Opu1ation. Whereas in devéloped countries it is at present less urgent
to extend the agriculﬁural area than t& protect the remainder of the environ-
ment, in developing countries the environment must be protected while agricul-~-
tural production is rapidly increased.

Agricultural development must be selective, for everythingvcannot be done
~ at once. A large increase in production from a relatively small area of good
land, to be obtained by applying a cgmbination of technical measures and inputs,
wilI relieve the pressure on a muéh larger area that would otherwise deterio-
rate thréugﬁ our exploitation and also make it possible to continue for the time
being simple and leés exhaustive traditional patterﬁs of land use, or to protect
less dccessible areas, or areas of special scientific or aesthetié value, from
further human interferencé.

In the more populous countries of Asia it may be that little'cultiyable

AN

land or accessible forest remains unused. - The emphasis must therefore be on an
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improvemegt in agricﬁltural and forestry methods, with_a diversification and in-
tensification of prbduction in areas where stable ecosystems can. be established.
'Irrigatiéﬂ, the ﬁse of fertilizers and the‘introduction of better varieties of
erops aﬁdfbreeds of animals will be among the.most‘constrﬁctive modifications,
together with ; prudent allocation of land to different uées; Elsewhere,'as in
much of Africa and Latin America, the overall preséure of man on the land is lesé
acute, but tﬂe same selection of sites for deve;opment and changes in method are
required to preveﬁt the destructive exploitation of wider and wider areas of the
natural environment to increase, or even maintain, the volume of producfion.
New patterns of land use must be paralleled by changes in social/and economlic
) organizafion,'td providé the infrastrﬁcture fér an. agricultural industry not
tied fo local subsistence and to*make.aVailable to the agriéultural population
the amenities of civilization. B S S :

The Indicative World Plan for Agricultural Development, now beiné'formu-
,latéd by FAO in collaboration with the countries concerned and with other inter-
national agencies, attempté to quantify and elucidate the égricultural; forestry
and fiéheries aspects of this urgent problem of expanding proauction to meet the
‘reasonable needs of the raplidly growing gnd increasingly articulate populations
of thé‘developing'world. - |

Taking an anaiysis of production, consumption and trade in the pefiod , ’
i961;1965 as a basis, projections of the fﬁture demand*are‘being prepared for *
1975 and 1985 which will refiectjboth nutritional requirements and economic
gfowth. Production targefs and an economic frame within which future develop-
ment can be accommodated are then formulatgd_for the#e two epochs. The produc~
tion targets are based on a close study of the physical potentials for increased
production and on.the rate-at which innovations can be introduced and effectively

adopted, alternative assumptions being made as to the rate of population increase
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and the level at which international éid cén be made availabie for égricultural
development.

While fhe gréund work of the Plan-is closeiy linked with a ratﬁer detailed‘
analysis of physical, economic and sbciéi féctors,‘the presehtétion will be re-
gional. The broad regions fof-analysis are‘the.Near Eést, the Mediterranean
Basin, Africa south of the Sahara, Latih Amefica, Asia and the Far East. It is
intended thaﬁvproviéional plans for these fegions and an integrated'plan tor the
world as a whole shéuld be avéilable for présentéfioﬁ at thg forthcoming World
Food Congress in 1968.

Since the expansion of agriculgural production bears so‘diréctly on the
naturai resdurées of the'developing world, tﬁe findings and policies proposed in
the Indicative WOrld’flan.will be extremely relevant to the conservat{oﬂ of na-
tural environments. As has been said élready, agricultural development musﬁ ne~-
cessarily be seléctive in its use of n;tural resources since both the fe;sible
rate and economic pace of development aré limifed. The pian §eeks to reiéte ré-
tional deVelopment to the heeds 6f the‘next two decédesg 1t will alsé'pfovide
a measure of required environmental changes, both 1n the exploitation‘of néw
areas and in the introduction of new methods.

2. Survey and inventory

Overall agro-ecologiéal survéys, iand capability and use, soil, Gegetation
and other»resoﬁrce-sufveys and mapping, are eésential in the lo;g run to sound
land‘managehent planning. New techniques éf éerial or §pacefsate1;1te sﬁrVeying
will eYentuaily shorten tﬁe time and expense involved in these tasks; Howe&er,
these will hevef.entirely substitute for the'ground-based surveyé, which need
therefore be started,aé eafly as possible.in,all parts of the wOfld; Knowledge
of the distribution and abundance of most wild animal species must)oftén be de=-

rived from time=-consuming, expensivé grouné surveys. These must both be started
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early and maintained permanently, since populations and distributions change
rapidly from year to year. ) N

The interdisciplinary and the integrated types of surveys recently carried

out in different countries are of particular interest here. The method for Inte-

grated Resource Surveys recently develobed in Australia and New Guinea, afford
an excellent example of sﬁch an inventory. ZEach survey team included a geomor-
phologist, a soil scientist and a plant ecologist, other”shecialists being in-
cluded as fEQuired. Making extensive use of air photography and ground tranéects,
the object of the survey was to distinguish "land units", of simiiar genesis aﬁd
 definable in terms of topography, solls, vegetation aﬁd climate; arnd within each
unit "land systems" separated by geomorphological or geological factors in the
lanascape pattern. This classification, together with the field data cqllected
makes it possible to assess the ecological status and'potential use of the en-v
vironment ih considerable detaili The Training Centre for Inﬁegrated Surveys
recently-established in Delft, Netherlaﬁds, under Unesco'!s auspices provides ex-
cellen;.opportunities for training key persohne; in such methods for.the develop-
ing countries.

It follows from the above that a first step toward sound land-use planning

- will involve the location, definition and mapping of the irregiaceable natural

commgnities and wild species. This will reduire a programme of ecological sur-
veyé énd inventories, which in themselves could be elaborate and time-consuming,
and in the long run must be. However, time runs out fast on most world conser#a-
tion issues. It is essen£1a1 to take iniiial steps toward preservation on the
basis of incomblete and perhaps inaccurate information‘> This may involve making
use of the best-informed local opinion uombiﬁed with quick_surveyé by qualifiéd
experts. Nations that are poorly gtaffed by people with the necessary skills

and training may take advantage of the facilities provided by international and
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extra-national agencies gnd combine the skills of outside advisers with the first-
hand knowledge of local people. Early action toward preservaﬁion is the. essen-
tial first step. It must be carried out with the understanding, however, that
boundary and legal revisions will_follow after detailled surveys and studies are

completed.

3. Planning and control

It has been stressed that planning for rational use is essential but be-
comes meaningless without land-use controls. Planning and control must opérate
ldcally, regionally,Anationally and‘to a degfee, interﬁationally. In so far,
however, as governmental and egonomic systems will ﬁermit, a maximum degree of
planning and control may be bést cohcentrated‘at locél levels in the hands of
those most cognizant of local conditions and-heeds. There ig no generally ac-
cepted best method for integrating social and eéﬁﬁomic considerationé with eco~
logiéal require@ehtS“forAloné-term planning. The decisions regard;ng the iaﬁd-
use patterﬁ are the .result of a choice where pélitical, econémic and sééial con-
: ;iderations intérvene1;‘Plann1ng not only fixes obJectives and prioritiés but the
means fo attain them. Regional and national review, integratién.and légal au-
thorify, however, have generally been essential to preveht localAspeciél inter-

ests from_prevailing against the public welfare and long-term national interests.
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VII., ACCOMPLISHING RATIONAL USE AND CONSERVATION

A first step towgrd accomplishipg rational use of the biosphere and céﬁservation
of its resources lies in achieving an awareness of the abéolute necessity pf mov-
ing téward-this goal among those who are in positiéns of”power and authority.
| The imperative.need for aqcompiiShing rationai use and conservation arises
from exisfing humén pressure upon the environment. As this pressure increases
fhe biosphere will be afféctéd accordingly and the problems ﬁill grow worse. The
need‘for food will increase,. the needs for living space will increase and unleés
appropriate action 15 takén the quality of the humén environment will déteriorate.
Mankind,muét reconsider its goals and objectives if an equilibrium ig to be main-
tained'between human needs and the resources.of the biosphere. '
'Rational-use and consérvation of the resources of the Biosﬁhere must be
based upon scientific khéwledge. It is, therefore, imperative thaf this know-
ledge be assembled and évaluafed S0 thgt deficlencies thaf still exist may be
rémedieﬁ.through furthervrésearch. To'thisAénd.it is essential that Wé examine
the nature of the biosphere, its structure and its function and thus determine
the ecological basis for‘its.rational use. In particular, we need give attention
to the following areas: ‘
(a) - Biological broductivity.in Qild and tame enﬁironments ineluding stud-
ies of the adaptation of species to their environment and their inter-

actions with it.
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(v)

(e)

(a)

The nature of land and soil, inéluding survey, analysis and classi-
fication of soils and landscapes with a view to determining their
vélues_and uses.

Thevcharacteristics of aquafic environménts aﬁd water resources with
a view to determining‘their availability, values and uses.

The ecoloéy'of modern man with a view to his.environmental require-

ments. ’ ’

In a consideration of the scientific basis for rational use of the resour- -

ces of the biosphereﬂthe problems that have resulted from various human practices

must be given attention. These include the disappearance of fauna and flora, the

deterioration .of soils, misuse of water resources and aquatic environments, and

poilution of the environment. The human attitudes and traditions that lead to

these problems must be.fully considered.

Because of the availability of scientific knowledge and technoiogy it is

now possible to analyse the resources of the biosphere and determine'ways of

-achieving their integrated utilization. The potential for better and ‘more ra-

tional use therefore emerges. In particular, it 'is important to.consider more

effective approaches to accompiish:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

JImprovement and increase of. yields in agriculture and sylviculture.

Conservation and improvement of aquatic environments.
Control. of pollution of air, water and land.
Preservation of natural areas and eéoéystems.z

Protection of rare or endangered species.

| Management of wildlife and its habitat.

Enhancement of the aesthetic quality of the total environment.

. Planning for integrated manaéement‘of,the_resources of the environ-

ment to augment environmental quality.
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To promote the rational use and conservation of the resources of the bio-

sphere it will be necessary to define principal lines of action at the national

and international level. These must necessarily include"

(1)

_ tiation of new programmes. Among those programmes already started

Survey and identification of the resources of the blosphere, inelud~

'_ing increasing support for those efforts already under way and ini-

1Y

are: ' . . .

(a) The whole of the programme of the Food and Agriculture Organi-
| zation, which aims at increasing agricultural production on a
rational basis and assuring'sustained yilelds. The World Food
Plan endeavours to assess and clarify the agricultural, fores-
try and fisheries aspects ofvthe urgent problems of increased
production necessary in order to meet the growing needs of a
rapidly expanding world population.
(5)' FAO and Uhesco have;Jointly undertaken an inventory of the
soils of the world through the Soil Map of the World on the
scale of 1:5,000,000.
(c)' Uﬁesco has particulariy deveioped multidisciplinary studles of
' the natural environment and its potential resources,‘particu-
larly in_the arid zones; through the 1aunch1ng of the Inter-
.(national’Hydrological Decade, 1t makes an essential contribu- .
tionvto-the stuoyvof water resources.. Furthermore, Unesco
~ supports the Imternational Biological‘Programme and the activ-
ities of the International Union for the Conservation of Nature

and Natural Resources.

(d) The International Bdological Programme (IBP) This represents

a major step toward scientific identification of the living
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‘(e)

resources of the earth and research needed for the conserva-~
tion of these resources.

The International Union for Conservation of Nature and Natural

Resources (IUCN). Tﬁis ageﬁcy has long been engagedtin pro-.
grammes intended to identify and brotéct irrepiaceable natﬁral
aréas and wild specieé. It collects datﬁ‘and inférmation and
acté.as a clearing house for knowledge of the sﬁatus of wiid-

'

life, natural areas and activities related to them.

Among programmes that have‘been proposed for initiation the follow-

(a)

-ing two may be quoted as examples:

The'éstablishment of a Trust for the World Heritage. This was

first,called,for by.a Washingtqn Conference on International
Co-operatidn held in_1965. It‘would aét io establish effective
protection for outstanding éiamples of natural areas, wildlife
areas and scenic and culfural fésourceé thfoughout the-world,
includiﬁg such areas as the.Grandfégnyon,‘Sérengeti Plains,
Angel Falis, Mount Everest and‘habitats occupied by such en-
dangered species as the orang-ﬁtaﬁ, Indiﬁn rhinocerps and
ﬁountain gorilla. Such a trust would stﬁnd for ahd speak for

the principle of a paramount international interest in the

protection of significant naturai>env1ronménts and wogld'work
in close co-operéfion,with IB?, IUCN agd otﬁer international
agencles iﬁ éstablisﬁing effective identification and protec-
tlon of such areas. Thé co-operation §f international agen-

cies and their member nations is required if such outstanding

" areas are to be dedicated to the future enlightenment and -en-

Joymentrof all mankind. -
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(b) Demonstration Islands.Programme. The XIth Pacific Scilence

Congress, at 1ts meeting in Tokyg, Japan, in 1966, urged the
establishment of protected island reser%es iﬁ the Pacific re-
gion, to preserve for the future'a series éf unigue and undis-
turbed islands habitats. Full support for this proposal is
" strongly urged because small islands present ecological situa-
tions which.db‘not exist on'continents and the experience :
gained on continents is not easily applicable to islands. It .
is further ﬁrged that an additional step be taken by the'Un}ted
Nations ageﬁcies and their Member States,.the establishment of !
a demonstration islands programme. On islands to be selected
for deponstratipn} a major.international'programme using all
available knowledge and skills would be initiated to establish
_1r§tiona1 use and achieve the highest possibie environmental
quality.: Such'effOrts directed toward improving island envir- .
~onments would provide noy only,alsgperior life for the island
~inhabitants, but would provide models to Shoﬁ‘what could be
accomplisheé’on'larger areas.
The expenditure of international technical assistance funds for the
estéblishment of such model environments could well produce much
more meaningful results than an équal expenditure disseminated widely I
ovér continental areas. Many such eipenditures in thelpast have goné
toward short-term programmés aimed at a variety of unrelated envir-
- onmental problems and'devglopment efférts. An island progfamme éould

provide an opportunity to put the best available knowledge to work

on ecologically integrated areas of sufficiently -small size:to ehgble'
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(2)

fﬁli evaluatiop and appreciation éf the results within a relativeiy
short period of time.

Many data necessary to the rational utilization of resources of th;
biosphere: are still'lacking; Scientific and technological research

are therefore needed. Thls research Involves not only the general

level of surveys and identification of problems, but the more funda-

mental levels of soil science, forestry, range management, wildlife

" bilology, plant and animal ecology, human behaviour and other fields.'

It should lead, within the framework of a programme of action for

the development and management of the resources, to interdiséiplinary

.and integrated studies. The establishment in each nation of a re-

search organization or organizations oriented toward studles related
to environmental quality is essehtial. Re§earéh organizations of
Austfalia and New Zealand provide good examples,»although a number of
other. nations have equally adequate research agencies.

At the interngtional level further support for those aspects 6f

the International Biological Programme related to- fundamental re-

‘search should be increased. The research being conducted by the

United Nations agencies needs‘continuing,and additional support.

- Amongst these could be mentioned the regional agroclimatological

studies undertaken Jointly by FAO, Unesco and WMO; the activities

of Unesco in the field of natural resources research, with the ob-

Ject of providing the necessary sciéﬁtific“basis for their utiliza-

tion; the studies carrled out by WMO on prpblems of pollution, etc.

Other long-term reseafch programmes at'the_international level will
be required. Inter-agency co-operation will be essential for the

success of these efforts.
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(3)

One of the most important steps to be taken is in the area of educa-

tion and publicity. Public acéeptance of the need for a national

‘pfogrammé of rational use and conservation depends upon this. Time

is too short to allow any nation to start its educational programme

only at a traditional school 1eVel.anq walt for a new generation of
informed citizéns fo reach maturity. Insteéd a major programme for f
informihg adults needs Immediate’1mplementation. This will require.
the ﬁse of modern techniques for publié education. Establi§hhent of t
a national educat{onal'television.network reaching every town and

village could perhaps be done for 1éss cost than many unwise econo-

mic development programmes that have been aftempted. The use of ra-

" dio, newspapers-and other printed'materials"neéds ful1 exploration

also. -

At the school level the teaching of the prinéiples of rational
use andsqf improvement of the quality of the environment needs inte- |
gration with all school curricula. The social studies and natural

sclences provide obvious vehiclgs for conveying these principles.

"Establishment of curricula ih conservation, ‘as such, is seldom the

most useful apbrbach,[althoughAintegrating coufses and programhes

that provide'a multidisciplinary appro;ch to environmental problems

are to be highly recommended. - ' s
' Underlyiﬁg all educational programmes'mﬁst be a realization of Iy

the need to inform,éll cifizens, now, in order to accomplish action

<

today. The critical nature of world problems requires an information-
actlon programme equivaient to that which a nation can muster in sup-

port of a war. Only such a programme can hope to avert famine in
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those areas where population increase is rapidly outstripping the
productive capacity of the land.
Unfortunately, all of . the goodwill and public support in the

world can accomplish little toward achieving raticnal use of the

. environment, unless the technical skills and scilentifie knbwledge

needed to carry out the job are available. Just as.constrﬁction ofb
a dam requires the skills and knowledge of engineers, rational use
of land and biota requires the knoﬁledge and skills'of'land-use
écolqgists. Most countries have supplies of englneering skills, few
Have'ecological knowledge available.

‘A programme for trgining ecologically oriented technicians in
every country to operate in all areas of planning, land man§5e@ent

and resource management, is an immediate essential. This requires

establishment of technical schools and the review of curricula in

-existing schools to guarantee that students are recelving an adequate

orientatibn in ecological principles applicable to their resbective

‘disciplines aﬁd to the nature of the environments in which they must

work.

A prqgrammé for training scientiéts in ecology and the various

disciplines related to land and resource use also requires high

priority and early implementation. This university-level training

- will be necessarily more rigorous and time consuming than the train-

ing of technicians but is equally ﬁrgent if researqh'is to be under-
takenAand adequate supervision is to be provided for those activities
concgrned with rétional use of‘the environment.

International orgahizations should meke every effort to provide

to those nations/requiring immediate assistance teams of ecologically
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trained resource specialists. These teams can be of assistance in

initial surveys, inventories, allocations of priorities and planning

- efforts during the period when local personnel are being trained.

Finally it will be necessary not only to draw the attention of coun-

tries to the absolute necessity for them to develop a national poligy

of rational use and conservation, but alsé to assist them in this
task.‘ Development of such a national policy will necessarily pre-
cede its widespreed implementation. An acceptance at a national
level of a goal for max:imum opportunit& for an obtimum population,
an agreement to avold the sacrifice of enQironmental quality, diver-
sity‘and natural values for short-term~economic gain4and ancommit-
nent to plan for rational use of the total environnent, would.repre-
sent a major step forward at this time.

In addition to the formulation of a national policy it is_es;

sentlal that effective governmentai organizations be formed to ihplee

ment the policy. There are at present'many national parks that exist

only on paper and laws intendedbto protect national resources that

" have yet to be heard by the cltizens engaged in resource exploitation.

Conservation'organizations are low in government hierarchies and lack

‘money.or<power. It is necessary, therefore, to stress the need for

effective governmental organization to control development and en-
force the‘measures needed to implement retionai use. Too often the
excUse>has been used that a nation cannot afford the ekpense of ef-
fective‘conseryation. A proper evaluation of the respective rBles
of rational use and economic development will show that no.nation
can afford not to'implement edequate measures for rational protec-
tion and development of the environment. It would be most desirable
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that, under these conditions,; an institution'dealing with Conserva-

tion and Development be established in the countries at the highest

governmental level with a view to advising the government regarding
‘1ts policy on national utilization of natural resources. It should
ensure ‘that progects related to national development take into ac-

count the demands of ecblogy in the preseryafion of resources. It

‘shbuld have sufficient authority to permit its point of view to be.‘

accepted by those responsible in the government for- the administra-
tive and legal aspects and to be able to influence their decisions.
Its competence should extend equally to questions of prospection and

sclentific inventories and to questions of planificatlon and legisla-

tion with a view to prométing the rational utilization of resources

and to preserving the quality of the environment.

| Such Boards or commissions of Conservation and Development are
reqﬁired in urban, county, provincial, state or regional‘govern@gnts
as well as at a national level. |

Only an integration of actions such as those described above

will lead the world toward the rational management of the land

areas of theiplahet. The September 1968 Intergovernmentél Confer-

ence of Experts on the Scientific Basis for Rational Use and Con-

servation of the Resources of the Biosphere which is convened and

organized by Unesco with the United Nations, the Food and Agricul-
ture Organization of the United Nations and the World Health Organ-
ization partiéipating, will allow a first detailed analysis of the
steps to be taken at national and international levels and establish

the basis for a long-term action in this domain.
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