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FOREWORD 

This r e p o r t i s concerned w i t h the conservation ar^d the r a t i o n a l use o f the na-

t \ j r a l environments, p a r t i c u l a r l y w i t h those,aspects which are not now r e c e i v i n g 

major support from most n a t i o n a l governments or i n t e r n a t i o n a l agencies. 

The emphasis i n t h i s r e p o r t i s f i r s t on the e c o l o g i c a l p r i n c i p l e s which 

govern the environment and. on which any prog;ramrae f o r r a t i o n a l use must pe based, 

and secondly on the p r e s e r v a t i o n of environmental q u a l i t y through appropriate a t ­

t e n t i o n t o a e s t h e t i c , s c i e n t i f i c and r e c r e a t i o n a l values of b o t h n a t u r a l and man-

made landscapes, i n c l u d i n g conservation of w i l d species and n a t u r a l communities. 

I t i s recognized t h a t the environments of the e a r t h are of value yto man 

o n l y as they become a v a i l a b l e f o r h i s support, h i s d i r e c t use, or f o r h i s con­

t e m p l a t i o n and enjoyment. People must f i r s t be kept a l i v e i f they are t o f u r ­

t h e r appreciate t h e i r environment; hence the production o f food and other ne­

c e s s i t i e s remains a primary concern i n conservation. 

The need f o r c a r e f u l c o n s i d e r a t i o n and i n t e n s i v e study o f conservation 

problems and r a t i o n a l use of the environment derives l a r g e l y from the htrnian pop­

u l a t i o n increase and from the impact of technology on n?iture. Because o f the 

new dimension o f these two f a c t o r s , conservation i s now a global'problem. World 

po p u l a t i o n as w e l l as production o f food and other commodities are r e c e i v i n g ma-̂  

j o r a t t e n t i o n i n n a t i o n a l and i n t e r n a t i o n a l meetings and r e p o r t s , and w i l l not 

be discussed i n d e t a i l here althoxigh they are n e c e s s a r i l y considered as p a r t o f 

the basic frameworlc f o r world conservation. 



This r e p o r t i s f u r t h e r r e s t r i c t e d i n i t s area of emphasis t o the t e r r e s ­

t r i a l environment and i t s i n l a n d waters. The oceans which comprise the l a r g e r -

p a r t of the world's sijrface are given appropriate a t t e n t i o n i n other i n t e r n a ­

t i o n a l r e p o r t s and s t u d i e s . 

No p a r t i c u l a r emphasis i s placed i n t h i s r e p o r t on p o l l u t i o n , although i t 

i s a major environmental problem. A s p e c i a l r e p o r t on p o l l u t i o n , , p r e p a r e d \inder 

the l e a d e r s h i p o f the World Health Organization i s being separately submitted t o 

the,Economic and S o c i a l Council o f the United Nations. 

This r e p o r t was prepared i n accordance w i t h a wish expressed by the Econo­

mic and S o c i a l Council a t i t s 3 9 t h session. I t i s presented j o i n t l y by FAO and 

Unesco. I t has been prepared on the basis o f a d r a f t submitted, a t the request 

o f Unesco, by R.P. Dasmann, Senior Associate, The Conservation Foxmdation, 

Washington, D.C. FAO and Unesco wish t o r e c o r d here t h e i r sincere thanks t o 

Mr. Dasmann f o r the work he has accomplished. They also wish t o express t h e i r 

thanks t o the Conservation Foundation f o r p e r m i t t i n g Mr. Dasmann t o undertake 

t h i s work. 

The o u t l i n e o f the r e p o r t was developed w i t h the advice and assistance o f 

the f o l l o w i n g i n d i v i d u a l s : Harold Coolidge and J.P. Harroy (lUCN), Max Nicholson 

and E.B. Worthington (IBP), Lee Talbot and F. Raymond Fosberg (The Smithsonian 

I n s t i t u t i o n ) , Michel Batisse and S. Evteev (Unesco) and F. Bourlifere (IBP). 

The t e x t was l a t e r completed by c o n t r i b u t i o n s from FAO, WHO and Unesco. I t 

was presented f o r comment t o the Unesco Advisory Committee on N a t u r a l Resources 

Research at i t s second session i n June 1967' The s\;mimary and the f i n a l e d i t i n g 

were made by F. Fournier, former d i r e c t o r of the I n t e r - A f r i c a n Bureau f o r S o i l s , 

and p r e s e n t l y Unesco consul t a n t . / 

FAO and Unesco wish t o express t h e i r sincere g r a t i t u d e t o a l l those who 

have c o n t r i b u t e d t o t h i s r e p o r t . 
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The r e p o r t has been submitted t o the ECOSOC Advisory Committee on Science 

and Technology a t i t s . 8 t h session h e l d i n October I967 which o f f e r e d the f o l l o w ­

i n g comments: 

"The Committee was i n general agreement w i t h . t h e ideas contained i n the r e ­

p o r t and w i t h the associated recommendations f o r a c t i o n . I n i t s view the r e p o r t 

c o n s t i t u t e s a most commendable e f f o r t t o analyse and provide a s c i e n t i f i c basis 

for. the concept of combining r a t h e r than opposing the conservation of n a t u r a l 

resources w i t h t h e i r r a t i o n a l use. I t i s the view o f the Committee t h a t recon­

c i l i n g the needs of an ever-expanding world p o p u l a t i o n , having ever-expanding 

requirements i n commodities and amenities provided by the environment, w i t h the 

maintenance of a sustained y i e l d o f resources and a proper q u a l i t y of t h e ' e n v i ­

ronment i s going t o be a dominating problem i n the forthcoming decades. This 

problem w i l l a f f e c t both the developed and " o l d " c o u n t r i e s where t h e s i t u a t i o n 

i s already much d e t e r i o r a t e d , and the developing and "new" co u n t r i e s where t h e 

chances of avoiding major e r r o r s appear g r e a t e r . 

While recognizing t h a t i n every, country many economic, s o c i o l o g i c a l and f i ­

n a n c i a l considerations n e c e s s a r i l y a f f e c t the, approaches t o t h i s general problem, 

the Committee was g r a t i f i e d by the emphasis given i n the r e p o r t t o the f a c t t h a t , 

thanks t o recent developments i n the f i e l d o f ecology and r e l a t e d subjects such 

as c l i m a t o l o g y , hydrology and pedology, a s c i e n t i f i c approach can now provide a 

f i r s t basis f o r a c t i o n . Such an approach should p r o g r e s s i v e l y provide a more 

o b j e c t i v e basis f o r 'physical planning' i n each country and i n the land areas o f 

the globe as a .whole. ' 

The Committee was informed of the preparations f o r the Intergovernmental 

Conference on Ra t i o n a l Use and Conservation of the Resources of the Biosphere, 

which Unesco i s convening i n September I 9 6 8 , w i t h the p a r t i c i p a t i o n of the United 

Nations, FAO and WHO, and i n co-operation w i t h the I n t e r n a t i o n a l Union f o r the 



Cotlservation o f Nature arid the I n t e r n a t i o n a l B i o l o g i c a l Programme. This Confer­

ence Should, togethei? w i t h the r e p o r t under review, c o n s t i t u t e a major step f o r ­

ward in. i n f o r m i n g a l l c o u n t r i e s of present ideas i n the s c i e n t i f i c f i e l d , and i n 

f o r m u l a t i n g proposals f o r a c t i o n a t the n a t i o n a l and i n t e r n a t i o n a l l e v e l f o r b e t ­

t e r use and corisejTvation of b i o l o g i c a l resouirces,, i n c l u d i n g t h e i r land and wa­

t e r support. 

The Committee was also g r a t i f i e d t o note the e x c e l l e n t co-operation which 

was t a k i n g place between the various organizations concerned, both i n the prep­

a r a t i o n of the r e p o r t and f o i * the o r g a n i z a t i o n of the Conference* 

. The Cotnmittee warmly coMmendg the r e p o r t t o t h e ' a t t e n t i o n of ECOSOC and o f 

governments o f Meitiber' States, and expresses the hope t h a t adequate p a r t i c i p a t i o n 

of experts w i l l be ensulfed from a l l c o u n t r i e s i n v i t e d by Unesco t o the Biosphere 

Cotif erence." ' 
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I . SUMMARY AND SUGGESTED LINES FOR ACTION 

I n t r o d u c t i o n 

This r e p o r t , presented j o i n t l y by Uriesco and FAO, was prepared I n accordance 

w i t h the wish expressed by the United Nations Economic and S o c i a l Council a t I t s 

3 9 t h session. A f i r s t d r a f t was prepared a t Unesco's request by R.F. Dasmann, 

Senior Associate, The Conservation Foiandation, Washington, D.C. and was subse­

quently a m p l i f i e d by c o n t r i b u t i o n s from FAO, WHO, Unesco and by remarks from a 

nvimber o f s p e c i a l i s t s . The r e p o r t was presented t o the Unesco Advisory Commit­

tee on Natxiral Resources Research, a t whose suggestion the summary below has 

been prepared t o f a c i l i t a t e I t s examination by the EconcMnlc and S o c i a l Cotmcll. 

FAO and Unesco wish t o express t h e i r g r a t i t u d e t o Mr. Dasmainn and t o a l l those 

who have a s s i s t e d i n the p r e p a r a t i o n o f the r e p o r t . 

The problem 

The r e p o r t deals w i t h one of the most fundamental problems f a c i n g man: the 

p r e s e r v a t i o n o f the environment i n which he l i v e s and from which he derives h i s 

means o f subsistence. 

This problem i s v i t a l today when the siz e o f an i n c r e a s i n g world popula­

t i o n e x e r t s ever g r e a t e r pressure on the environment, t h r e a t e n i n g i t w i t h i r r e ­

parable damage and loss i n i t s u t i l i z a t i o n p o t e n t i a l . The l a t t e r , m u s t be r e s ­

pected a t a l l costs. Such an a t t i t u d e i n no way i m p l i e s c o n f l i c t between the 

maintenance of the production c a p i t a l represented by the n a t u r a l environment and 

I t s i n t e n s i v e e x p l o i t a t i o n by man. I f such were the case, production would have 

13 



t o be c u r t a i l e d , whereas, on the c o n t r a r y , an increase i s a b s o l u t e l y e s s e n t i a l . 

Conservation o f the n a t u r a l environment must t h e r e f o r e be dynamic and not s t a t i c . 

I t i m p l i e s t h a t the p o t e n t i a l o f the environment must be respected i n any ex­

p l o i t a t i o n , which must t h e r e f o r e be " r a t i o n a l " . 

T h is p r i n c i p l e should be a n . i n t e g r a l p a r t o f man's c u l t u r a l h e r i t a g e and 

he must r e a l i z e t h a t only through i t s a p p l i c a t i o n can he hope t o a t t a i n the h i g h ­

est standards of l i v i n g . 

I n a pplying t h i s p r i n c i p l e , man should take i n t o account not only the e l e ­

ments o f the environment on which he depends today f o r subsistence, but also 

those of s c i e n t i f i c , a e s t h e t i c , e d u c a t i o n a l , r e c r e a t i o n a l or other value. I n 

f a c t no aspect o f h i s environment should be neglected. '. 

The problems c o n f r o n t i n g man d i f f e r w i t h the degree o f development, the 

l e n g t h or i n t e n s i t y o f human occupation and the climate of d i f f e r e n t c o u n t r i e s 

~and r e g i o n s . I n h i g h l y developed c o u n t r i e s , as a ' r e s u l t of t e c h n o l o g i c a l pro­

gress, the environment has been d i s t i i r b e d and o f t e n damaged. I n c o u n t r i e s con­

t i n u o u s l y e x p l o i t e d over a very long p e r i o d , or i n densely populated regions, 

the o r i g i n a l n a t u r a l environment may even have disappeared almost completely. 

I n the new, developing c o u n t r i e s , or i n regions where dense p o p u l a t i o n i s re c e n t , 

t h e r e i s d i s p a r i t y between r a p i d .increase o f p o p u l a t i o n and l i m i t e d e x p l o i t a t i o n 

of the n a t u r a l environment. The i n e v i t a b l e i n t e n s i f i c a t i o n o f such e x p l o i t a t i o n 

must not lead t o a loss i n p o t e n t i a l . I n a l l cases, lack of bo t h organized p l a n ­

ning and c o n t r o l of e x p l o i t a t i o n i s the g r e a t e s t danger. For example, when ac­

t i v i t i e s aiming a t short-term r e s u l t s are undertaken, harmful long-term e f f e c t s 

are o f t e n overlooked. I n d u s t r i a l and urban development cgin, f o r instance, lead 

t o excessive encroachment on the n a t u r a l environment r e s u l t i n g i n i t s destruc­

t i o n or p o l l u t i o n . 

14 



Yet only the I n t e n s i v e development of resources i s compatible w i t h the 

needs of modern l i f e . I t i s t h e r e f o r e imperative t o plan and c o n t r o l the use of 

the resources o f the biosphere and any programme of r a t i o n a l e x p l o i t a t i o n must 

be fovmded on p r i n c i p l e s a r i s i n g from modern s c i e n t i f i c knowledge. 

MODERN SCIEmFIC CONCEPTS AS A BASIS FOR THE RATIONAL USE 
OF THE RESOURCES OF THE BIOSPHERE 

These s c i e n t i f i c concepts are drawn mainly from ecology, an i n t e g r a t e d science 

concerned w i t h the study of l i v i n g creatures i n t h e i r mutual r e l a t i o n s h i p s w i t h 

t h e i r environment, the biosphere, i . e . t h a t p a r t of the world capable o f support­

i n g l i f e and i n c l u d i n g c e r t a i n p a r t s o f the l i t h b s p h e r e , hydrosphere and atmos­

phere . 

The u n i t o f study o f the n a t u r a l environment i s the ecosystem, a zone o f 

extremely v a r i a b l e size (being perhaps a f o r e s t i n the midst of c u l t i v a t e d land 

or again an area of t r o p i c a l savanna or tundra) but possessing a d e f i n i t e \ m i t y 

through the complex i n t e r r e l a t i o n s h i p s o f i t s l i v i n g communities between each 

other and w i t h t h e i r p h y s i c a l environment. 

I t i s i n the framework of the ecosystem t h a t man can best comprehend the 

e f f e c t of h i s a c t i o n s , each ecosystem being characterized by a w e l l - d e f i n e d s o i l / 

c l l m a t e / f l o r a / f a u n a complex having i t s own p o t e n t i a l f o r adaptation and t o l e r ­

ance o f change. By mainta i n i n g a network o f ecosystems f o r reference, man can 

measure the g a i n or loss r e s u l t i n g from h i s a c t i o n s . The f u n c t i o n i n g of an eco­

system i n v o l v e s a ser i e s o f cycles, the f i r s t being an energy cycle l i n k e d w i t h 

the use o f s o l a r r a d i a t i o n . Man i s a consumer o f energy. He i s thus i n t e g r a t e d , 

i n t o t h i s cycle and becomes a consumption f a c t o r . Foremost among a l l n a t u r a l 

b i o l o g i c a l phenomena, human pop u l a t i o n increase i s a fundamental element of the 

dynamics of an ecosystem. 

15 
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The ecosystem furthermore possesses a water c y c l e . A l l o w i n g f o r evapora-

t l o n , the s o i l I s a major element r e g u l a t i n g the amounts o f r u n - o f f and percola­

t i o n . By transforming the s o i l , man can change t h i s and lose or ga i n the water 

so e s s e n t i a l f o r h i m s e l f , a g r i c u l t v i r e and i n d u s t r y . He can also change i t s 

q u a l i t y . 

F i n a l l y , the ecosystem possesses a cycle o f n u t r i e n t s , l i n k e d t o the energy 

and water cycle s . I f l i f e i s t o continue on e a r t h , t here must be constant ex­

change and continuous r e t u r n o f n u t r i e n t s , w i t h losses kept t o a minimum. The 

sources o f n u t r i e n t s are s o i l , atmosphere and water. The r e t u r n o f n u t r i e n t s t o 

the s o i l i s dependent on a g r i c u l t u r a l methods. Knowledge o f the s o i l , o f i t s 

management and of i t s behaviour i s thus o f foremost importemce. I f t h i s cycle 

i s t o remain s t a b l e , r a t i o n a l e x p l o i t a t i o n must ensure^ a balsince between ex­

t r a c t i o n and r e t u r n o f n u t r i e n t s . E s s e n t i a l l y t h i s i s the problem o f s c i e n t i f i ­

c a l l y based f e r t i l i z a t i o n . 

PRACTICAL.CONSEQUENCES OF RATIONAL USE OF THE RESOURCES OF THE 
BIOSPHERE BASED ON MODERN SCIENTIFIC PRINCIPIfiS 

Through the ecosystem, the u n i t o f study o f the n a t u r a l environment, flows energy 

e n t i r e l y dependent on s o l a r r a d i a t i o n . This energy i s captxired by green plaints 

and becomes a v a i l a b l e t o the higher elements o f the ecosystem t o which i t i s 

t r a n s m i t t e d . Thus i s e s t a b l i s h e d a " n u t r i t i o n a l chain" c o n s i s t i n g o f a se r i e s 

o f organisms where one serves as food f o r the next and from which every man d a l l y 

draws the 2 , 0 0 0 c a l o r i e s necessary f o r h i s l i f e . Man must t h e r e f o r e r e a l i z e , be­

f o r e modifying n u t r i t i o n a l chains i n the e x p l o i t a t i o n o f h i s environment, t h a t , 

the flow o f energy through them remains the most fundamental process f o r the con­

t i n u i t y o f l i f e on e a r t h . These resources o f the biosphere must not be over-

e x p l o i t e d . 

16 



At each moment the ecosystem contains a t o t a l q u a n t i t y o f l i v i n g elements 

exp3?essed i n weight: the blomass. This v a r i e s I n time and space over the world's 

sxirface since I t I s l i n k e d t o temperature and humidity. I n the matter o f I t s 

use, no p a r a l l e l can be drawn between the development o f the biomass and the I n ­

crease of the p r o d u c t i v i t y p o t e n t i a l , i . e . the e f f e c t i v e use o f s o l a r r a d i a t i o n . 

A heavy blpmass may have l i t t l e value and a l i g h t one q u i t e the c o n t r a r y . To 

man, what matters above a l l i s net p r o d u c t i v i t y . He would t h e r e f o r e do w e l l t o 

consider and study i t s l i m i t i n g f a c t o r s . 

An ecosystem c o n s t i t u t e s a complex of elements which, i n n a t u r a l c o n d i t i o n s , 

possess a c e r t a i n balance. But as man becomes I n t e g r a t e d i n t o an environment, he 

transfonns and s i m p l i f i e s i t by e x p l o i t i n g i t . He I s thus responsible f o r a modi­

f i c a t i o n i n the o r i g i n a l balance. Monoculttire, f o r example, causes a recrudes­

cence of crop pests. -.Marismust t h e r e f o r e make an o v e r a l l assessment and e s t a b l i s h 

a new balance i f he wishes t o make r a t i o n a l use o f the resources o f the biosphere. 

These needs are e q u a l l y important when considering the a d a p t a b i l i t y ' o f eco­

systems. The latt e r , " w h e n u t i l i z e d , may be capable o f recovery a f t e r abusive ex­

p l o i t a t i o n , but t o a v a r i e d extent according t o c l i m a t i c and b i o l o g i c a l f a c t o r s . 

The most favourable s i t u a t i o n occurs when these f a c t o r s are balanced. I f one or 

the other dominates, the d u r a b i l i t y o f the e x p l o i t e d ecosystem diminishes. 

When the ecosystem i s u t i l i z e d the main change i s u s u a l l y Introduced by 

man. This i s a t any r a t e almost always the case i n a g r i c u l t u r e , being-less t r u e 

f o r animal husbeindry and le s s s t i l l f o r for,estry. A s p e c i f i c p o l i c y must be 

adopted i n each case, and t h i s I s the task which man must undertake. 

THE SITUATION WITH REGARD TO INTERNATIONAL ACTION 

The a t t e n t i o n o f I n t e r n a t i o n a l o r g a n i z a t i ons was e a r l y d i r e c t e d t o the problem of 

the r a t i o n a l use and conservation o f the resources of the biosphere, i n view o f 

I t s acuteness evei-jrwhere i n the w o r l d . 
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A l l the a c t i v i t i e s o f FAO are aimed a t sin increase o f a g r i c u l t u r a l produc­

t i o n having a r a t i o n a l basis t o ensxire c o n t i n u i t y o f y i e l d . With the I n d i c a t i v e 

World Plan f o r the Development o f A g r i c u l t u r e , t h i s o r g a n i z a t i o n i s t r y i n g t o as­

sess and c l a r i f y the a g r i c u l t x i r a l , f o r e s t r y and f i s h i n g aspects o f the urgent 

need t o increase production t o p a l l i a t e the growing demands o f an ever l a r g e r 

world p o p u l a t i o n . 

FAO, WMO and Unesco have xindertaken J o i n t r e g i o n a l a g r o c l i m a t o l o g i c a l 

studies (West A f r i c a , Near E a s t ) . 

FAO and Unesco are j o i n t l y drawing up an i n v e n t o r y o f the world's s o i l s 

w i t h t h e World S o i l Map a t a scale o f 1 : 5 , 0 0 0 , 0 0 0 . 

Unesco has launched the I n t e r n a t i o n a l H y d r o l o g i c a l Decade as a major con­

t r i b u t i o n t o the study of water resovirces. 

A l l Unesco's a c t i v i t i e s i n the f i e l d o f research on n a t u r a l resources are 

aimed t o provide the s c i e n t i f i c bases necessary f o r the r a t i o n a l use o f resources. 

I n a d d i t i o n , Unesco provides constant support f o r the a c t i v i t i e s of the 

I n t e r n a t i o n a l Union f o r the Conservation of Nature and N a t u r a l Resources, as w e l l 

as f o r t h e I n t e r n a t i o n a l B i o l o g i c a l Programme, which i s making important progress 

i n e v a l u a t i n g the world's b i o l o g i c a l resources and the research necessary f o r 

t h e i r conservation. 

F i n a l l y , WHO i s making a s p e c i a l study of p o l l u t i o n problems, on which i t 

has drawn up a r e p o r t i n c o l l a b o r a t i o n w i t h the other Specialized Agencies f o r 

submission t o t h i s session of ECOSOC. Many organizations are working p a r a l l e l 

w i t h the United Nations Specialized Agencies on the problem of the r a t i o n a l use 

smd conservation o f the resources o f . t h e biosphere, i n view o f i t s importance 

t o humanity. 
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FUTURE ACTIVITIES OF INTERNATIONAL ORGANIZATIONS 

The r e p o r t shows t h a t a great deal s t i l l remains t o be done, a t both n a t i o n a l 

and i n t e r n a t i o n a l l e v e l s . I t i s c l e a r t h a t the s p e c i a l i z e d i n s t i t u t i o n ^ con­

cerned must draw up a b o l d programme o f a c t i o n f o r the planning and c o n t r o l o f 

the use o f the resources of the biosphere, w i t h the basic studies and prespara-

t i o n f o r the required, a c t i o n , working on f o u r l e v e l s ; 

s c i e n t i f i c ; i n s t i t u t i o n a l ; e d u c a t ional; l e g i s l a t i v e . 

S c i e n t i f i c a c t i o n 

T h is should aim: 

To recognize which branches o f science and technology have a bearing on 

the elements o f the environment, t h e i r i n t e r a c t i o n etnd t h e i r use, i n order 

t o provide a s c i e n t i f i c basis f o r the planning euid c o n t r o l o f the use o f 

the resources o f the biosphere. This planning must lead t o the i n t e g r a t e d 

use o f n a t x i r a l resources t o ensxa?e a continuous y i e l d from the biosphere* 

To e s t a b l i s h which f a c t o r s should be analysed and chosen i n the i n t e g r a t e d 

u t i l i z a t i o n of n a t u r a l resources. These w i l l be found through: 

survey and inventoiry o f f a c t o r s c o n s t i t u t i n g the environment; 

knowledge o f the f a c t o r s o f the environment, the phenomena and pro­

cesses t y p i f y i n g them, the i n t e r r e l a t i o n s h i p s between them, and 

t h e i r p o t e n t i a l i t i e s , 

i n t h i s context, these f a c t o r s become e s s e n t i a l f o r planning. 

To e s t a b l i s h , d u r i n g the study o f each environmental f a c t o r the best c r i ­

t e r i a regarding possible choices wherever they apply t o : 

water; 

land;-

v e g e t a t i o n ; 

animals. 
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To Introduce I n t o s tudies the Idea o f assessment;.because I n d e f i l i n g w i t h 

water, s o i l , v e g e t a t i o n or animals, man must make every e f f o r t t o main­

t a i n a proper balance I n nature. 

To e s t a b l i s h r u l e s f o r land management which lead t o the d e f i n i t i o n o f 

zones u s e f u l t o man: 

natia?al or s c i e n t i f i c reserves, parks, r e l a x a t i o n and r e c r e a t i o n 

zones; w 

zones o f a e s t h e t i c and I n t e l l e c t u a l value; S 

a g r i c u l t u r a l zones, f o r a g r i c u l t u r e , f o r e s t r y or animal husbandry; 

I n d u s t r i a l and urban zones. 

Management must have a s c i e n t i f i c b a s i s , e s p e c i a l l y where water and n u t r i ­

ents are concerned. . This should be achieved through the study o f losses and c a l ­

c u l a t i o n o f the r e t \ i m - o r the a d d i t i o n s necessary t o maintain p r o d u c t i v i t y . The 

nec e s s i t y o f m a i n t a i n i n g the q u a l i t y of. the environment and o f avoiding I t s p o l ­

l u t i o n should also be taken i n t o account. 

To show how t h e study o f s o i l s , c l i mate and requirementB- o f v e g e t a t i o n and 

animals, enables the whole range o f p o t e n t i a l uses o f ecosystems t o be de­

termined, among which economists and s o c i o l o g i s t s w i t h the help of scien­

t i s t s , ; w i l l have t o make a choice when drawing up management plans. 

To promote new research, t o f i l l i n major gaps s t i l l e x i s t i n g i n the s c l -

e n t l f i c knowledge needed f o r the r a t i o n a l use of n a t u r a l resources. 

I n s t i t u t i o n a l a c t i o n '•« 
•i 

No one human b r a i n can envisage the m u l t i p l e aspects of so huge an e n t e r p r i s e as 

the planning o f the e x p l o i t a t i o n o f natiaral resources. This must.be done, on 

n a t i o n a l and I n t e r n a t i o n a l l e v e l s , by appropriate a s s o c i a t i o n s eind m u l t l d l s c l -

p l l n a r y bodies w i t h i n which i n t e r d i s c i p l i n a r y s t u d i e s l e a d i n g t o i n t e g r a t e d 

planning o f resources and meinagement o f t e r r i t o r i e s w i l l evolve. 
20 

http://must.be


Educational "action ' 

Ra t i o n a l e x p l o i t a t i o n of the resoiirces o f the biosphere cannot be r e a l i z e d w i t h ­

out f u l l co-operation from the population., I t i s t h e r e f o r e necessary t o f i g h t 

the ignorance s t i l l e x i s t i n g and awaken a t t i t u d e s of mind. I n t e r n a t i o n a l bodies 

and i n f o r m a t i o n and p o p u l a r i z a t i o n centres must make every e f f o r t t o inform pub­

l i c o p i n i o n . 

Education, at primary as w e l l as secondary and u n i v e r s i t y l e v e l s , i s the 

basic means t o i n f l u e n c e ways of t h i n k i n g . I n s t r u c t i o n i n r a t i o n a l use of natu­

r a l resources f o r t h e i r p r e s e r v a t i o n should be evolved. 

I f there e x i s t s an i n f r a s t r u c t u r e f o r the promotion o f the r a t i o n a l use o f 

the resources of the biosphere, s p e c i a l i s t s and techn i c i a n s must be t r a i n e d , both 

w i t h i n the d i f f e r e n t d i s c i p l i n e s and i n t e r d i s c i p l i n a r y f i e l d s . 

L e g i s l a t i v e a c t i o n 

Such a c t i v i t i e s can only succeed i f t h ere are means t o c a r r y them out. For t h i s 

reason, appropriate l e g i s l a t i o n has t o be est a b l i s h e d and adpipted according t o 

the d i f f e r e n t e c o l o g i c a l zones of the world. 

S.imultaneously w i t h a l l these a c t i v i t i e s , i n t e r n a t i o n a l organizations must 

b r i n g home t o governments the f a c t t h a t w i t h i n ' t h e i r n a t i o n a l f r o n t i e r s they pos­

sess i r r e p l a c e a b l e treasures and above a l l they have the means t h a t would ensure 

t h e i r subsistence. They must p r o t e c t these from the loss o f p o t e n t i a l i n the 

biosphere which would r e s u l t from haphazard e x p l o i t a t i o n techniques. The I n t e r ­

governmental Conference o f Experts on the S c i e n t i f i c Basis f o r R a t i o n a l Use and 

Conservation of the Resources o f the Biosphere, which w i l l be convened i n Paris 

i n September I968 by Unesco, should keep t h i s as.a major o b j e c t i v e , as w e l l as 

aiming at e s t a b l i s h i n g the bases o f a programme o f longer-term a c t i o n . 
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FU*rUFiE ACTION OF GOVERNMENTS 

Governments must r e a l i z e the n e c e s s i t y of planning and c o n t r o l l i n g the use o f the 

resources o f the biosphere, basing t h e i r a c t i o n on the p r i n c i p l e s revealed by 

modem science. T h e i r a c t i o n should be i n the framework already o u t l i n e d . 

On the s c i e n t i f i c l e v e l : 

To assess the knowledge they have acquired and share i t so t h a t the 

general p r i n c i p l e s governing the r a t i o n a l use o f environment may be 

known a l l over the world. 

To. Increase t h e i r knowledge through research, so as t o be f u l l y i n ­

formed on the problems set by the e x p l o i t a t i o n o f t h e i r resources, 

w i t h the aim o f mai f t t a i n i n g p r o d u c t i o n a t the h i g h e s t l e v e l o f quan­

t i t y and q u a l i t y . 

To develop ideas u s e f u l f o r the r a t i o n a l development o f t h e i r t e r ­

r i t o r y , i n p a r t i c u l a r by e s t a b l i s h i n g s c i e n t i f i c and socio-economic 

c r i t e r i a enabling the p o t e n t i a l use o f d i f f e r e n t zones t o be def i n e d 

as w e l l as the o b l i g a t i o n s i n v o l v e d i n t h e i r e x p l o i t a t i o n . 

On the I n s t i t u t i o n a l l e v e l s 

To create n a t i o n a l bodies w i t h the t a s k o f promoting and a p p l y i n g 

(on both a d m i n i s t r a t i v e and s c i e n t i f i c l e v e l s ) a p o l i c y o f r a t i o n a l 

use o f resources i n the framework o f r a t i o n a l development of the t e r ­

r i t o r y . This a c t i o n should lead t o a s i t u a t i o n f a v o u r i n g increased 

economic development. 

On the educational l e v e l : 

To InprefiSg. t ^ e pppulation's awareness o f r a t i o n a l e x p l o i t a t i o n and 

pr e s e r v a t i o n o f t h e i r environment. 

To introduce s u i t a b l e c u r r i c u l a a t a l l l e v e l s o f education. 
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To t r a i n s p e c i a l i s t s and techmlcians capable of applying the d e s i r e d 

p o l i c y , n otably through the c r e a t i o n o f i n t e r d i s c i p l i n a i ? y research 

and t r a i n i n g establishments. 

On the l e g i s l a t i v e l e v e l : 

To pass laws enabling the country t o promote r a t i o n a l e x p l o i t a t i o n 

and conservation of resources o f the biosphere, and t o c o l l a b o r a t e 

w i t h neighbouring c o u n t r i e s i n the case o f common resources. 
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I I . INTRODUCTION 

A. THE REIJSVANCE OF CONSERVATION 

1 . Conservation defined 

Conservation can be defined as the r a t i o n a l use o f the earth's resources 

t o achieve \he highest q u a l i t y o f l i v i n g f o r mankind. Since people are diverse 

i n t h e i r wants and a s p i r a t i o n s , an agreement on what c o n s t i t u t e s q u a l i t y o f l i v ­

i n g cannot be expected. Conservation t h e r e f o r e Involves the maintenance of the 

widest p r a c t i c a b l e d i v e r s i t y i n both n a t u r a l and man-made environments t o pro­

vide f o r a maximum v a r i e t y i n p o t e n t i a l ways o f l i v i n g f o r hiomanlty, recognizing 

t h a t man and h i s m a t e r i a l needs w i l l be dominant e c o l o g i c a l f a c t o r s . D i v e r s i t y 

i n i t s e l f has b i o l o g i c a l value. Throvigh r e t e n t i o n of d i v e r s i t y , d e t e r i o r a t i o n of 

the environment can be retarded and s t a b i l i t y can be maintained under the s t r e s s 

o f human treatment. 

Conservation has i n the past o f t e n been equated w i t h e f f o r t s t o preserve 

w i l d n a t i i r e . This i s indeed e s s e n t i a l t o the maintenance of d i v e r s i t y i n the hu­

man environment, but i t i s only a p a r t of the a c t i v i t i e s o f modem conservation. 

Conservation includes also the Imaginative, c r e a t i v e use of land and other r e ­

sources t o blend n a t u r a l w i t h man-made elements of the environment i n the forma­

t i o n o f s t a b l e , productive and b e a u t i f u l landscapes and cityscapes f o r human use 

and enjoyment. 

2 . H i s t o r i c a l background f o r conservation 

Conservation i s not a new phenomenon, but has i t s r o o t s i n the e a r l i e s t a t ­

t i t u d e s o f p r i m i t i v e people toward land, nature and t h e i r own c u l t u r e s and i n 
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man's deepest a s p i r a t i o n s toward c r e a t i n g f o r h i m s e l f a secure and pleasant en­

vironment. Although many o f man's a c t i v i t i e s have proved d e s t r u c t i v e o f h i s own 

environment, t h i s d e s t r u c t i o n has been i n most past Instances an unforeseen and 

I n e v i t a b l e consequence o f ignorance of environmental r e l a t i o n s h i p s . Man was not 

fo r m e r l y endowed w i t h e f f i c i e n t t o o l s t h a t could make r a p i d , f a r reaching and i r ­

r e v e r s i b l e changes i n h i s environment. Far reaching changes there c e r t a i n l y were, 

as w i t h the upland open pine f o r e s t climax o f South East Asia which I s thought t o 

have been Induced by s h i f t i n g c u l t i v a t i o n on a long r o t a t i o n ; but t h i s was a 

slow adaptation t o man as an e c o l o g i c a l agent comparable w i t h the r 8 l e o f graz­

i n g einimals i n n a t u r a l grassland. Today the immediate consequences of man's ac­

t i v i t i e s may be more a c c u r a t e l y p r e d i c t a b l e but economics and technology set up 

a chain r e a c t i o n w i t h l e s s p r e d i c t a b l e . l o n g - t e r m e f f e c t s . There i s even less ex­

cuse f o r ignorance. 

Measvires t o guarantee the pr e s e r v a t i o n o f f o r e s t s and \ y l l d l l f e may be foiind 

among the e a r l y h i s t o r i c a l records o f mankind. E f f o r t s t o s t a b i l i z e a g r i c u l t u r e 

throvigh proper care o f the land are I n evidence from e a r l y N e o l i t h i c times. I n 

many places on e a r t h a h i g h degree o f s t a b i l i t y and p r o d u c t i v i t y was achieved on 

a g r i c u l t u r a l lands i n the d i s t a n t past. One need only compare the h i g h l y s t a b l e 

t e r r a c e a g r i c u l t x i r e o f the Inca w i t h the d e s t r u c t i v e use o f s i m i l a r lands by t h e i r 

Peruvian descendants t o r e a l i z e how much conservation knowledge has been l o s t from 

t h e i r c u l t u r e . I n Southern China, the N i l e V a l l e y of Egypt and other l o n g - s e t t l e d 

areas soiond a g r i c u l t u r a l conservation has been p r a c t i s e d over thousands o f years. 

The modern renewal of conservation a c t i v i t i e s i s l a r g e l y a Twentieth cen­

t u r y phenomenon. Whereas more'primitive conservation sought t o a d j u s t the im­

pact upon land and nature of r e l a t i v e l y small numbers of men using f i r e , the 

plough, the axe and the spear; modern conservation i s concerned wi-fch g r e a t l y 

Increased human populations using more d e s t r u c t i v e Implements - the l ^ l l d o z e r , 
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the internal-combustion engine, t o x i c chemicals and s t r u c t u r e s o f concrete and 

s t e e l - and seeks t o a d j u s t t h e i r uses t o the e c o l o g i c a l r e a l i t i e s o f the human 

environment. 

We must t h e r e f o r e recognize three d i s t i n c t but i n t e r r e l a t e d aspects o f the 

conservation of man's environment: 

( i ) I n the f i r s t place t h e r e i s what may be c a l l e d l o g i s t i c conserva­

t i o n , r e l a t i n g p r i n c i p a l l y t o such non-renewable resources as ores, 

c o a l , o i l , e t c . , which must not be im p r o v i d e n t l y consumed. I t may 

poss i b l y Include also land and water resources t h a t should be r e ­

served f o r f u t u r e settlement and use. 

(11) The renewable resovirces o f the human h a b i t a t r e q u i r e production 

conservation t o support the m a t e r i a l needs o f the human popula t i o n 

and provide not so much an immediate economic p r o f i t , but a healthy 

d i e t and an acceptable standard of l i v i n g . N either of these are 

now, or have been i n the past, assured t o man although h i s niimbers 

have been r e s t r i c t e d by the Malthusian c o n t r o l s of misery and d i -

sease. Only w i t h prudent use and c a r e f u l planning can the world's 

resources f o r a g r i c u l t u r e , f o r e s t r y and f i s h e r i e s support sustained 

y i e l d s a t the l e v e l s t h a t w i l l be r e q u i r e d i n the foreseeable f u t u r e . 

( i l l ) The n a t u r a l environment, w h o l l y or p a r t i a l l y unmodified by hT;iman ac­

t i v i t y , remains an i n h e r i t a n c e o f i n c a l c u l a b l e a e s t h e t i c and scien­

t i f i c value and a balancing f a c t o r i n the ecology of man's changing 

h a b i t a t . I t s s u r v i v a l , together w i t h i t s i r r e p l a c e a b l e f l o r a ; and 

. favina, c a l l s f o r urgent measures o f environmental and amenity con­

s e r v a t i o n t o which a l l measures of r u r a l and urban development must 

be r e c o n c i l e d . ^ 
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The present r e p o r t develops concepts a r i s i n g p r i m a r i l y from the l a t t e r 

category of conservation, although I t seeks t o r e l a t e p r o d u c t i v i t y t o amenity 

and man's p h y s i c a l s u r v i v a l t o the s u r v i v a l of the ecosystem of which he I s 

a p a r t . 

3 . Conservation an I n t e g r a l p a r t of c u l t u r e • 

Conservation I s not a l u x u r y , but an I n t e g r a l p a r t o f man's c u l t i a r a l r e ­

l a t i o n s h i p w i t h h i s environment. Without I t a g r i c u l t u r a l s o i l s would wash or 

blow away, f o r e s t s would be destroyed w i t h o u t replacement, w i l d l i f e would d i s ­

appear, rangelands would become desert, and man would destroy h i s own means f o r 

existence. Much t h a t I s best I n conservation I s known by other names since I t 

has become an accepted and normal p a r t o f c u l t i i r a l p r a c t i c e . Thus, I f conser­

v a t i o n , I n the broadest sense, were t o cease t o e x i s t today. I t would have~ t o be 

created anew tomorrow. The a l t e r n a t i v e t o conservation I s d e s t r u c t i o n of the 

human environment. 

4. The concept of r a t i o n a l use 

Conservation i s defined i n p a r t as r a t i o n a l use. R a t i o n a l use takes the 

f u t u r e i n t o account through planning and a p p l i c a t i o n of the knowledge t h a t i s 

a v a i l a b l e t o man's use of n a t u r a l resources. I n n o n - r a t i o n a l use th e r e i s an 

absence of long-range planning. Short-term expediency p r e v a i l s , or a v a i l a b l e 

knowledge i s ignored. Thus i t I s n o n - r a t i o n a l t o c l e a r a productive f o r e s t from 

a h i l l s i d e t o make way f o r only a few sparse crops o f maize before s o i l and f e r ­

t i l i t y are l o s t . I t i s n o n - r a t i o n a l t o overstock a pasture and convert produc­

t i v e grassland i n t o desert. I t i s . n o n - r a t i o n a l t o destroy p r i c e l e s s n a t u r a l 

communities and w i l d species t o al l o w marginal extension of farming, or an vm-

planned spread of u r b a n i z a t i o n . U n f o r t u n a t e l y , what i s n o n - r a t i o n a l f o r s o c i e t y 

i n the long r un may be r a t i o n a l f o r the i n d i v i d u a l or f o r the short-term goals 

o f s o c i e t y . A sheepowner may gamer Immense p r o f i t s from changing pasture-land 
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t o d e s e r t ; a l a n d speculator p r o f i t s from urban sprawl. Society, however, suf­

f e r s , and I t I s upon s o c i e t y t h a t the burden of c o n t r o l must f a ; l l . 

5 . Q u a l i t y of l i v i n g 

An optimum existence f o r one people or c u l t u r e may be I n t o l e r a b l e t o an­

other. The confirmed l i r b a n l t e may not want w i l d country I n h i s environment; the 

farmer may detest c i t i e s . No one Utopia can please a l l men. The goal of con­

s e r v a t i o n i s t o provide f o r a "high q u a l i t y o f l i v i n g ' * by maintaining d i v e r s i t y 

i n the environment, l e a v i n g room f o r many ways of l i f e , keeping always open the 

doorway f o r f u t u r e change.. , 

Undue emphasis upon q u a n t i t y of production, w i t h i t s usual accompaniments 

of s t a n d a r d i z a t i o n and u n i f o r m i t y i n the means o f production, can destroy d i v e r ­

s i t y and q u a l i t y i n the environment. To a degree, emphasis upon quantity- i s es­

s e n t i a l , since hximan needs must be s a t i s f i e d . Beyond t h i s p o i n t , however, f u r ­

t h e r gains i n q u a n t i t y can only come w i t h extreme s a c r i f i c e i n n a t u r a l d i v e r s i t y . 

C a r r i e d t o a l o g i c a l end, continued emphasis upon production of n e c e s s i t i e s could 

lead t o a subsistence existence f o r a maximum number o f people, w i t h a l l resour­

ces harnessed and no o p p o r t u n i t y f o r f u t u r e change with o u t catastrophe. Such an 

existence would be precarious and subject t o catastrophes. Conservation seeks 

t o channel development i n ways t h a t w i l l s t i l l preserve a r i c h and v a r i e d h a b i t a t 

f o r man, one i n which there i s room f o r standards o f l i v i n g t h a t are m a t e r i a l l y , 

i n t e l l e c t u a l l y and s p i r i t u a l l y of h i g h q u a l i t y . 

6 . Commodity versus non-commodity values 

• The sustained production of commodities necessary t o man must u s u a l l y have 

f i r s t p r i o r i t y on lands best s u i t e d t o such uses. I n any r e g i o n , however, con­

s i d e r a t i o n must also be given t o the non-commodity uses o f land. These w i l l i n ­

clude the p r o t e c t i o n or development of various s c i e n t i f i c , a e s t h e t i c , e d u c a t i o n a l , 

r e c r e a t i o n a l and other c u l t u r a l values. They may add l i t t l e immediate increment 
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t o the gross n a t i o n a l product, but i n the long run t h e i r values w i l l be higher 

than those t h a t could be gained by f u l l use of a l l lands f o r commodity purposes. 

Indeed such uses may prove e s s e n t i a l i f the production o f commodities and i f hu­

man l i f e i s t o be permanently sustained. On many lands the values o f commodity 

production may be achieved w h i l e non-commodity values are also p r o t e c t e d . Well-

planned c i t i e s w i l l Include parks which serve f o r human r e c r e a t i o n and as h a b i ­

t a t s f o r some w i l d p l a n t s and animals. Productive f o r e s t s can also serve as 

homes f o r w i l d l i f e , s i t e s f o r r e c r e a t i o n , and as sources f o r pure water. Since 

land c a p a b i l i t y v a r i e s w i d e l y i t i s seldom t h a t one use need p r e v a i l over any 

broad area t o the excl u s i o n of a l l o thers. Thus even a s t r i c t n a t i i r a l reserve, 

set aside p r i m a r i l y f o r s c i e n t i f i c study, can serve l i m i t e d educational and r e ­

c r e a t i o n a l purposes. I t w i l l also by i t s nature c o n t r i b u t e t o land and water-

shed s t a b i l i t y . 

7 . B l o t l c and mineral resources 

The primary concern o f conservation today i s w i t h the p r o t e c t i o n and use -

of the l i v i n g resources o f the e a r t h and the s o i l s , water and atmosphere t h a t are 

needed f o r t h e i r support. The use o f mineral resources and f o s s i l f u e l s , except 

t o the degree t h a t these I n f l u e n c e conservation of b i o t i c resoiirces, have now be­

come b a s i c a l l y t e c h n o l o g i c a l questions and are not considered t o be w i t h i n the . 

scope o f t h i s r e p o r t . 

B. THE PLIGHT OF HUMANITY 

1 . Population pressure and d e t e r i o r a t i o n of environment 

Throughout much o f the world today the human environment i s s u f f e r i n g from 

va r y i n g degrees o f d e t e r i o r a t i o n . This r e s u l t s from Increases i n the nvmibers o f 

people, p a r t i c u l a r l y those l i v i n g a t low standards o f m a t e r i a l p r o s p e r i t y , from 

the impact o f an unplainned, or p o o r l y plauined, expansion o f i n d u s t r i a l technology, 

and frcan a f a i l u r e - t o mderstand the r e a l i t i e s o f the environment. A d i f f e r e n c e 
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i n both the degree and the nature of d e t e r i o r a t i o n of the environment i s found 

between developing nations o f the world and those t h a t have achieved a high l e v e l 

of t e c h n o l o g i c a l advancement, 

a. Developing nations 

I n most p a r t s of the developing world a r a p i d increase i n p o p u l a t i o n , t o ­

gether w i t h a growing d i s s a t i s f a c t i o n w i t h the l i m i t e d m a t e r i a l rewards of sub­

sistence a g r i c u l t u r e , has l e d t o an i n c r e a s i n g pressure on the land both f o r 

food and f o r marketable crops. Almost i n v a r i a b l y t h i s increased demand has been 

accompanied by l i t t l e or no advance i n a g r i c u l t u r a l technology or a s u f f i c i e n t l y 

r a p i d growth i n n o n - a g r i c u l t u r a l employment. Both the r a t e and.extent of e n v i ­

ronmental d e t e r i o r a t i o n has been gr e a t ; f o r e s t s and range land have been impov­

erished or destroyed, while the extension of c u l t i v a t i o n t o more marginal areas 

lowers average y i e l d s and promotes erosion. For a l l t h i s l o ss there i s l i t t l e 

improvement i n standards of l i v i n g . 

T r a d i t i o n a l a g r i c u l t u r a l methods are o f t e n i l l - a d a p t e d t o the more r e s ­

t r i c t e d area a v a i l a b l e t o the i n d i v i d u a l c u l t i v a t o r , or t o the e f f e c t i v e use of 

kinds of land other than those f o r m e r l y c u l t i v a t e d . The p r e v a i l i n g low l e v e l of 

education and the lack of both advisory personnel and the economic o p p o r t i m i t y 

t o p r o f i t by example f r u s t r a t e attempts t o Introduce appropriate changes i n land 

use and a g r i c u l t u r a l method t h a t might otherwise meet the need f o r higher l e v e l s 

of p r oduction. 

These d i f f i c u l t i e s are e q u a l l y apparent i n long c i v i l i z e d and densely popu­

l a t e d c o u n t r i e s such as I n d i a , which some would c a l l "over developed", and i n 

newer, more sparsely populated co\mtrles such as B r a z i l . Both c a l l f o r r e v o l u ­

t i o n a r y iadvances i n a g r i c u l t u r a l methods as w e l l as the conservation of n a t u r a l 

resources. I n the l a t t e r t h e r e i s c e r t a i n l y more room f o r manoeuvre and a pros­

pect of p r o v i d i n g high q u a l i t y l i v i n g w i t h i n the r e l a t i v e l y near f u t u r e . 

31 



b. Developed nations 

I n t e c h n o l o g i c a l l y advanced n a t i o n s , commodity production I s u s u a l l y ade­

quate t o meet the needs of the human p o p u l a t i o n . T h i s ' r e l a t i v e l y h i g h economic 

l e v e l i s achieved by the processes o f i n d u s t r i a l i z a t i o n , u r b a n i z a t i o n and a h i g h 

l e v e l / o f p u b l i c education i n c l u d i n g t r a i n i n g of t e c h n i c a l and p r o f e s s i o n a l man­

power. However, i n most of these nations the long-term e f f e c t s of t e c h n o l o g i c a l 

change are seldom adequately understood or accommodated. C i t i e s sprawl over 

countryside and i n doing so destroy space t h a t could best be used f o r other pur-

poses. P o l l u t i o n of the environment has become a world-wide problem. Old c u l ­

t u r a l p a t t e r n s have broken down and people have foiind inadequate s u b s t i t u t e s t o 

take t h e i r place. I n c r e a s i n g l e i s u r e and m a t e r i a l p r o s p e r i t y r e s u l t i n pressures 

upon the countryside by people seeking r e c r e a t i o n and open space>'pressures t h a t 

o f t e n destroy the amenities t h a t t h e people.are seeking. 

, ' • -"Lack of planning and c o n t r o l • • ' • • 

, I n both developing and. developed-nations a l a c k of planning f o r r a t i o n a l 

use of the env.ironment i s u s u a l l y apparent, or where planning may e x i s t , a lack 

of i t s implementation. E f f e c t i v e c o n t r o l over human .use o f the environment i s 

obviously l a c k i n g . Ends are confused w i t h means and the long-term goals toward 

which a people might r a t i o n a l l y s t r i v e are overridden by techniques used t o 

achieve short-term r e l i e f from immediate dilemmas. . I n almost a l l areas t h e r e i s 

a c o n t i n u i n g need f o r research t o produce the knowledge r e q u i r e d f o r r a t i o n a l use 

o f n a t u r a l resources'and f o r the understanding of hiiman behaviour. 

2 . Long-term values and short-term gains 

a* The' humid t r o p i c s 

The s a c r i f i c e of long-term values f o r short-term needs i s o f t e n apparent 

i n the e x p l o i t a t i o n of t r o p i c a l f o r e s t l a nd. Under proper management these f o r ­

ests could supply a c o n t i n u i n g y i e l d of u s e f u l products, provide a refuge f o r 
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w i l d l i f e , r e t a i n s o i l and watershed s t a b i l i t y and c o n t r i b u t e other values t o so­

c i e t y . Yet from 100 t o 200 m i l l i o n o f the world's p o p u l a t i o n depend f o r t h e i r 

food.on the p r a c t i c e o f s h i f t i n g c u l t i v a t i o n which may, indeed, be regarded as 

an element i n the f o r e s t ecology where the period o f r o t a t i o n i s s u f f i c i e n t l y 

long and s o i l s , slopes and climate s u f f i c i e n t l y favourable t o allow the regen­

e r a t i o n of the f o r e s t cover. 

Too o f t e n , however, the incr e a s i n g d e n s i t y of popula t i o n shortens the pe­

r i o d of r o t a t i o n beyond the c r i t i c a l p o i n t of f o r e s t regeneration and obliges 

the people t o extend the p r a c t i c e t o unstable slopes and zones o f marginal r a i n ­

f a l l where regeneration i s even more hazardous. Loss of f e r t i l i t y , s o i l e rosion, 

l a t e r i z a t i o n and other processes ensue which may prevent any recovery of the , 

s i t e a f t e r i t s abandonment. This process may be observed throughout the i r o p i c s 

o f the New and Old Worlds and the r a t e a t which f o r e s t s are disappearing,has. 

long been of major concern. .Aubreville estimated i n 1950 t h a t 40 per cent of 

the t r o p i c a l f o r e s t zone;in A f r i c a had been cleared o f primary f o r e s t and i n 

Ni g e r i a 74 per cent.-;'.,R.ostlund i n 1955 estimated t h a t 40 per cent of the. f o r e s t s 

i n B r a z i l had been cleared; here the production of export crops such as coffee 

i s as much t o blame as subsistence a g r i c u l t u r e . Thus, values t h a t could have 
ft . 

been maintained throughout the foreseeable f u t u r e are s a c r i f i c e d f o r s h o r t -

term needs. 

Only l i m i t e d areas i n the humid t r o p i c s are s u i t e d t o simple systems o f 

st a b l e sedentary a g r i c u l t u r e . These are the s o i l s of a l l u v i a l p l a i n s and v a l ­

l e y s , e s p e c i a l l y where the a l l u v i u m i s derived from basic rocks, v o l c a n i c s o i l s 

and s o i l s on slopes where the pa r e n t . m a t e r i a l i s . b asic; n u t r i e n t s are released 

by weathering as f a s t as the leached.surface s o i l i s removed by the normal pro­

cess of erosion. Many t r o p i c a l s o i l s are, however, h i g h l y responsive, t o appro­

p r i a t e combinations of a g r i c u l t u r a l p r a c t i c e , i n c l u d i n g i r r i g a t i o n , crop 
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r o t a t i o n s and the use o f f e r t i l i z e r s , which a p p l i e d together lead t o the develop­

ment o f arable s o i l s o f gr e a t e r p o t e n t i a l p r o d u c t i v i t y , than the n a t u r a l s o i l s of 

the primary f o r e s t . Much research i s s t i l l needed t o p e r f e c t such a g r i c u l t u r a l 

systems and t h e i r i n t r o d u c t i o n and general adoption must be a slow process. I t 

i s i n - t h e planned development of l i m i t e d areas f o r a t r u l y productive a g r i c u l ­

t u r e t h a t the prospect l i e s o f meeting human needs while conserving the n a t u r a l 

resources as a whole and preserving some p a r t of the o r i g i n a l environment w i t h 

i t s l i v i n g h e r i t a g e . 

b. Semi-arid grazing land 

' I n many,areas o f the worl d , i n c l u d i n g both developed and developing na­

t i o n s , semi-arid grazing lands are being e f f e c t i v e l y destroyed a t a r a t e t h a t 

appears t o be a c c e l e r a t i n g . The process o f conversion of productive land t o 

d e s e r t - l i k e wasteland may be observed on most>continents. I t i s most marked 

arovind the edges of the Sahara and the deserts of South Western' Asia, but can 

be observed also i n A u s t r a l i a and i n the Western United States, where i n the 

1930's the Forest Service estimated t h a t the c a r r y i n g capacity of range-lands-

had already been reduced 50 per cent as a consequence of mismanagement. I n 

Libya, P.D. Larson estimated i n 1957 t h a t the r a t e o f erosion and d e s t r u c t i v e 

use of range-land had accelerated d u r i n g the preceding q u a r t e r - c e n t u r y . Under 

proper management such lands could y i e l d a n e c e s s a r i l y l i m i t e d , but c o n t i n u i n g 

supply o f meat and other products from animal p o p u l a t i o n s , e i t h e r w i l d or dom­

e s t i c . I n some areas, such as East A f r i c a and Rhodesia, a w i l d animal resource 

o f more value t o man i s destroyed t o permit i t s replacement by a l e s s valuable 

domestic animal resource. Over wide areas mismanagement o f e i t h e r domestic or 

wild.animals r e s u l t s i n overstocking,.overgrazing, d e s t r u c t i o n o f the v e g e t a t i o n , 

l o s s of. s o i l a nd-interference w i t h the hy d r o l o g i c c y c l e . The damage done may be 

v i r t u a l l y permanent i n i t s e f f e c t s . A few owners of domestic animals may receive 
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h i g h short-term p r o f i t s by the mining of a p l a n t - a n d - s o i l resoiirce t h a t could 

otherwise y i e l d long-term b e n e f i t s t o the many. Knowledge o f how t o manage such 

lands I s o f t e n a v a i l a b l e t o government agencies I n the co u n t r i e s Involved. Ef­

f e c t i v e a p p l i c a t i o n of t h i s knowledge and e f f e c t i v e c o n t r o l over land use are 

almost always l a c k i n g . 

c. Loss o f I r r e p l a c e a b l e s 

I n b o t h o f the above examples a h i g h l y valuable resource I s destroyed by 

lac k of planning'and c o n t r o l and the f a i l u r e t o apply sound p r i n c i p l e s of land 

management. Productive s o i l s are v i r t u a l l y i r r e p l a c e a b l e resources. When they 

are l o s t through accelerated erosion, i t i s d i f f i c u l t t o achieve w i t h i n economi­

c a l l y meaningful time periods a r e s t o r a t i o n o f the p r o d u c t i v i t y o f the land. Of 

equal concern, however, i s the l o s s o f s c i e n t i f i c a l l y p r i c e l e s s and a e s t h e t i c a l l y 

valuable resoxirces i n order t o ga i n some a d d i t i o n a l increment o f commodity, pro-

duct i o n * Examples o f t h i s may be seen i n most nations o f the world. There i s 

an obvious s c i e n t i f i c need t o preserve r e p r e s e n t a t i v e samples o f a l l n a t u r a l l y 

o c c u r r i n g plant-animal communities w i t h the w i l d species t h a t occur w i t h i n them. 

There I s an ever-growing need t o preserve areas of outdoor open-space f o r t h e i r 

r e c r e a t i o n a l and a e s t h e t i c appeal even where widespread a p p r e c i a t i o n o f these 

values has yet t o be developed. L o g i c a l l y such areas should be i n the s i t e s 

t h a t have the. highest b i o l o g i c a l or scenic a t t r a c t i v e n e s s and need not s u b t r a c t 

s u b s t a n t i a l l y from lands needed f o r crop production. Such areas can be consid­

ered i r r e p l a c e a b l e assets t o a n a t i o n . Yet, throtigh l a c k o f adequate land-use 

planning and c o n t r o l they are o f t e n s a c r i f i c e d t o o b t a i n a small economic i n c r e ­

ment i n a d d i t i o n a l crop y i e l d , y i e l d o f f o r e s t products, water power, virban 

water supply, or other commodity t h a t could be produced as w e l l i n some other 

area. The cont i n u i n g d e s t r u c t i o n o f C a l i f o r n i a ' s primeval redwood f o r e s t s t o 

add a small increment t o the nation's timber supply i s an example o f t h i s process. 
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3. The consequences o f l i r b a n - . i n d u s t r l a l growth 

a. Inadequate planning 

Many nations of the world'are seeking the economic b e n e f i t s t o be d e r i v e d 

from an i n d u s t r i a l economy and the a p p l i c a t i o n o f modern technology t o commodity 

pro d u c t i o n . Howeverj those nations w i t h the most advanced i n d u s t r i a l technolo-

gies f i n d themselves i n an ever-growing dilemma r e s u l t i n g from f a i l u r e t o adapt 

the i n d u s t r i a l technology t o the e c o l o g i c a l r e a l i t i e s o f the environment. ^ 

Throughout the w o r l d , u r b a n i z a t i o n i s o c c u r r i n g t o a degree not equalled i n any * 

previous p e r i o d . Yet the q u a l i t y o f l i v i n g everywhere s u f f e r s from f a i l u r e t o 

develop new urban p a t t e r n s t o meet the needs of c i t i e s which d i f f e r both q u a n t i ­

t a t i v e l y and q u a l i t a t i v e l y from those i n the past. 

Most na t i o n s are i n a s t a t e o f c o n f l i c t between the demand' f o r land f o r 

u r b a n - i n d u s t r i a l uses, and the more t r a d i t i o n a l demands f o r a g r i c u l t u r a l , f o r e s ­

t r y , f i s h e r i e s , r e c r e a t i o n space and open-space amenity uses. Most i n d u s t r i a l l y -

advanced n a t i o n s are cavight i n a mesh o f i n e f f i c i e n c y and f r u s t r a t i o n by f a i l u r e 

t o p lan adequately f o r the t r a n s p o r t a t i o n o f vast numbers o f peoples and mate­

r i a l s . The mistakes o f the advanced na t i o n s are being copied and repeated by 

many o f the now developing n a t i o n s . Unplanned spread of urban areas and t h e i r 

associated highways, a i r f i e l d and i n d u s t r i e s , threatens the l o s s o f both neces­

s i t i e s f o r l i v i n g and amenities which make l i v i n g worthwhile. 

Lack of knowledge of the i n t e r e s t s and requirements of c u l t u r a l l y d i f f e r ­

ent groups w i t h i n nations o f t e n r e s u l t s i n the c r e a t i o n o f man-made environments j 

t h a t f a i l t o provide a s a t i s f a c t o r y l i f e f o r t h e i r i n h a b i t a n t s . People move 

from r u r a l t o urban areas only t o f i n d a s t i l l l e s s s a t i s f a c t o r y way o f l i f e i n 

the c i t i e s . Populations displaced bj"- t e c h n o l o g i c a l change are o f t e n unable t o 

a d j u s t t o new environments. Research needed t o supply t h i s knowledge o f htmian 

needs i s g e n e r a l l y neglected. 
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b. P o l l u t i o n 

Most nations s u f f e r i t o a grea t e r or le s s e r degree from p o l l u t i o n of the 

environment, a i r , water and land, by the products or by-products o f an urban-

i n d u s t r i a l technology. Thus the prospect of in c r e a s i n g a g r i c u l t u r a l production 

throtigh a p p l i c a t i o n o f chemical p e s t i c i d e s has r e s u l t e d i n a widespread misuse 

of these m a t e r i a l s . Misused, these chemicals not only f a i l t o c o n t r o l the pests 

at which they are d i r e c t e d , but set i n motion b i o l o g i c a l cycles t h a t r e s u l t i n 

even more severe pest problems. An example i s the f i r e ant c o n t r o l programme i n 

the South Western United States. Two and a h a l f m i l l i o n acres were a e r i a l l y 

sprayed i n 1957-1958 w i t h d i e l d r i n and heptachlor t o c o n t r o l the f i r e ant. 

W i l d l i f e populations were destroyed i n some areas; outbreaks of other i n s e c t 

pests were i n i t i a t e d ; the f i r e ant was not eradicated. Misused, some p e s t i -

cides w i l l act as general b i o c i d e s ' d e s t r o y i n g valuable organisms and t h r e a t e n ­

in g the e x t i n c t i o n of less common species of w i l d animal l i f e . Thus i n Japan 

the f i r e f l y has been v i r t u a l l y e l i m i n a t e d and populations of the Japanese s t o r k 

and Japanese i b i s have been broi^ght near e x t i n c t i o n as a consequence o f heavy 

use of p e s t i c i d e s . Misused, these chemicals spread b y water or a i r t o areas f a r 

beyond those f o r which they were intended and t h e i r e f f e c t s become not a l o c a l 

but a world problem. Thus DDT has appeared i n the t i s s u e s o f animals i n the 

A n t a r c t i c . S i m i l a r l y , serious problems t h r e a t e n from the unplanned spread o f 

the by-products of both peaceful and w a r l i k e uses of atomic energy, which can 

p o l l u t e a l l environments. . 

The by-products o f i n d u s t r y and the e f f l u e n t from dense human populations 

have created p o l l u t i o n t h a t a t present causes a severe loss of environmental 

amenities and threatens the h e a l t h of people. I n many instances the c o r r e c t i o n 

of these problems w i l l be f a r more expensive than t h e i r prevention would have 

been, yet the c o n d i t i o n s • t h a t create p o l l u t i o n are allowed to>increase-and. 
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spread. Some l e v e l o f p o l l u t i o n i s perhaps unavoidable i f we are t o have the 

economic b e n e f i t s o f u r b a n - i n d u s t r i a l c i v i l i z a t i o n w i t h our present s t a t e o f 

knowledge. Much p o l l u t i o n , however, represents f a i l u r e t o put i n t o p r a c t i c e 

knowledge t h a t i s a v a i l a b l e , such as the i n s t a l l a t i o n of p o l l u t i o n c o n t r o l de­

v i c e s on automobiles and f a i l u r e t o adapt our uses o f the environment t o i t s 

p h y s i c a l and b i o l o g i c a l nature. 

c. The i n t e r r e l a t i o n s h i p s o f the environment 

A world programme f o r conservation through r a t i o n a l use o f the environ­

ment would seek t o f i n d ways by which humanity could emerge from those predica-

ments t h a t r e s u l t from inadequate knowledge, inadequate planning and inadequate 

c o n t r o l f o r uses of the world's lands, waters and other resources. Such a pro­

gramme would n e c e s s a r i l y be concerned w i t h the use o f a l l lands and the d i s t r i ­

b u t i o n o f people and o f t h e i r a c t i v i t i e s . The e n t i r e spectrtmi o f land use from 

urbanized areas t o remote wilderness would need t o be considered since i t can 

be demonstrated t h a t occurrences i n one area w i l l o f t e n have e f f e c t s upon almost 

a l l o t h e r s . Improper planning f o r l i f e i n c i t i e s can have i t s consequences upon 

w i l d lands. Improper planning f o r w i l d lands w i l l have i t s consequences upon 

the q u a l i t y o f l i v i n g w i t h i n c i t i e s . 

(1) Urban systems; A modem i n d u s t r i a l m e t r o p o l i s such as San Francisco 

i l l u s t r a t e s the extent t o which the human environment has become i n t r i c a t e l y 

interwoven. This c i t y draws i t s water supply from f o r e s t e d mountains hundreds 

o f miles away. . The s t a t e of land management on these watersheds determines the 

q u a n t i t y and q u a l i t y o f water provided t o the urban p o p u l a t i o n and the cost o f 

processing the water t o make i t s u i t a b l e f o r i t s many u r b a n - i n d u s t r i a l uses. 

Flowing throTigh the c i t y t h i s water and the water d e r i v e d from l o c a l p r e c i p i t a ­

t i o n , p i cks up wastes ahd p o l l u t a n t s , and upon reaching the bay or ocean w i l l 

a f f e c t b oth the v a r i e t y and abxmdance of aquatic l i f e t h a t can be supported i n 
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these areas. Thus a c i t y t h a t occupies l e s s than 50 square miles depends, upon 

and has e f f e c t s ui)on, through i t s water usages alone, an area t h a t covers many 

thousands o f square m i l e s . 

The food supply f o r t h i s c i t y i s drawn not Just from i t s own a g r i c u l t u r a l 

h i n t e r l a n d , but from a l l of the continents of the world. The land-use p r a c t i c e s 

of Asia, A f r i c a , the Americas, Eijrope and A u s t r a l i a a l l a f f e c t the supply> q u a l ­

i t y and costs of the food imported. The existence of t h i s and other uf-ban im­

p o r t centres i n t u r n a f f e c t t h e demands placed upon the land and. resoiirces o f 

c o n t i n e n t a l areas thousands o f miles removed from these centres o f consumption. 

Movement of people and supplies t o and from t h i s c i t y r e q u i r e s t r a n s p o r t a t i o n 

networks t h a t i n f l u e n c e a l l the lands through which they pass, over thousands o f 

m i l e s . People from the c i t y p6\ir out .into the countryside on week-ends.and h o l i ­

days and e x e r t d i r e c t pressure upon lands a t great distances from the urban 

centre. Recreational demands alone may determine the uses t o which lands are 

put on d i s t a n t seacoasts, mountains, or other areas soiight a f t e r by people seek­

i n g change from the c o n d i t i o n s of urban existence. Thus the e f f e c t s of.one mod­

ern, m e t r o p o l i t a n c i t y , are f e l t u l t i m a t e l y i n areas over the e n t i r e world. 

The urban and i n d u s t r i a l centres i n developing c o u n t r i e s may extend t h e i r 

i n f l u e n c e over a smaller surrovinding area, but because they concentrate the de­

mand f o r such commodities as meat,, m i l k , timber and f u e l they may provoke an 

even more Serious t h r e a t t o the conservation o f the l o c a l environment. I n the 

a r i d or semi-arid lands o f Western Asia t h i s urban demand has long aggravated 

the e v i l s t h a t a r i s e from wood c u t t i n g and,over-grazing. The remedy l i e s i n the 

more i n t e n s i v e use of those l o c a l resources t h a t are best adapted t o s u s t a i n 

t h i s l e v e l of production, the concentrated demand p r o v i d i n g an economic incen­

t i v e f o r the greater investment r e q u i r e d . I n Western Asia fodder crops can be 

grown under i r r i g a t i o n t o support modern d a i r y I n d u s t r i e s and f a t t e n c a t t l e and 
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sheep dravm from more d i s t a n t ranges, while i r r i g a t e d f o r e s t p l a n t a t i o n s can bet­

t e r meet the demand f o r timber i f not f o r f u e l . At present, i r r i g a t e d a g r i c u l ­

t u r e o f t e n f o l l o w s an extensive r a t h e r than an i n t e n s i v e p a t t e r n , making only a 

p a r t i a l use o f the a v a i l a b l e water supply and w i t h much o f the land lander cere­

a l s and f a l l o w . 

( 2 ) Wild-land systems: Far from the c i t i e s , i n areas o f land t h a t are 

, s t i l l l i t t l e m odified by man a s i m i l a r network o f r e l a t i o n s h i p s may be observed. 

A f o r e s t e d mountain area w i l l be i n f l u e n c e d by atmospheric c o n d i t i o n s determined 

by the r e l a t i o n s h i p s of s u n l i g h t , a i r and seawater i n some remote ocean. The 

b u i l d up o f convectional c u r r e n t s i n the l o c a l atmosphere can r e s u l t i n l i g h t n i n g 

t h a t s t r i k e s dry f o r e s t f u e l s . F i r e may spread and destroy the f o r e s t cover. 

Ha b i t a t s t h a t supported a. r i c h v a r i e t y of f o r e s t w i l d l i f e w i l l be destroyed and. 

forc e s t h a t w i l l create a d i f f e r e n t • k i n d of h a b i t a t f o r other species o f animals 

set i n motion. V e g e t a t i o n - s o i l relat.ionships w i l l be upset. Rain f a l l i n g upon 

the p r e v i o u s l y f o r e s t e d watershed can remove s o i l and cause both f l a s h f l o o d s i n 

the v a l l e y s below and the deposit of s i l t and d e b r i s i n r e s e r v o i r s intended f o r 

urban water s u p p l i e s . I n s e c t s t h a t breed i n the dead v e g e t a t i o n l e f t by f i r e 

may spread out t o damage f o r e s t s i n areas many miles d i s t a n t . W i l d l i f e popula-

. t i o n s o f species adapted t o the k i n d o f v e g e t a t i o n t h a t w i l l replace f o r e s t on 

burned areas could increase t o h i g h niombers and perhaps descend upon a g r i c u l -

t i i r a l crops i n v a l l e y s below. Thus l o c a l c o n d i t i o n s are determined by f a c t o r s 

o p e r a t i n g i n remote areas and can i n t u r n have t h e i r e f f e c t s upon regions w e l l 

removed from the boundaries o f the f o r e s t o r i g i n a l l y i n v o l v e d . 

Man's a c t . i v i t i e s increase the degree of i n t e r a c t i o n . No area of land 

serves only one human purpose. A d e c i s i o n t o use a w i l d land area f o r a speci-

f i c human o b j e c t i v e i n t u r n a f f e c t s other possible human uses of the land and• 

may i n t u r n have e f f e c t s upon n a t u r a l processes t h a t extend f a r beyond 
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comprehension or i n t e n t i o n of the l o c a l land users. Thus, i n planning f o r hu­

man use of the land, i t i s e s s e n t i a l t o consider not j u s t the immediate costs 

and b e n e f i t s i n v o l v e d i n h a r v e s t i n g a timber crop ( f o r example) but a l l of the 

i n d i r e c t costs, b e n e f i t s and values t h a t become involved i n t h a t d e c i s i o n : the 

e f f e c t upon the s c i e n t i f i c values represented by an undisturbed n a t u r a l area, 

the e f f e c t upon possible r e c r e a t i o n uses o f the land, the e f f e c t upon w i l d a n i ­

mal l i f e and a r e c o g n i t i o n o f i t s many values t o mankind, the e f f e c t upon s o i l 

s t a b i l i t y and f e r t i l i t y , upon the hydrology of the watershed, and so on. Any 

less comprehensive evaluations can r e s u l t i n major e r r o r s i n land use dec i s i o n s . 

Each area of land involves many strands of a complex web o f environmental r e l a ­

t i o n s h i p s . The c u t t i n g of any strand can a f f e c t the e n t i r e network. 
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I l l . ECOLOGY AND RATIONAL USE OF THE ENVIRONMENT 

A. ECOLOGY DEFINED 

Ecology I s an I n t e g r a t i n g science concerned vrtth the study, of l i v i n g t h i n g s 

i n t h e i r r e l a t i o n s h i p s w i t h t h e i r environment. I n p a r t i c u l a r i t i s concerned 

w i t h populations and communities o f l i v i n g organisms. T h e i r environment includes 

both other l i v i n g t h i n g s and the ph y s i c a l environment o f energy, atmosphere, wa­

t e r , s o i l and rocks. Since the conservation and r a t i o n a l use of b i o t i c resources 

r e q u i r e s an understanding o f t h e i r environmental r e l a t i o n s h i p s , ecology forms a 

s c i e n t i f i c basis f o r these htmian a c t i v i t i e s . Since man must c o e x i s t w i t h and i s 

himself an i n t e g r a l p a r t o f a p h y s i c a l and b i o t i c environment, ecology forms one 

k i n d o f s c i e n t i f i c basis f o r mderstandlng man's r 8 l e on e a r t h . 

Ecology takes no precedence over other s c i e n t i f i c d i s c i p l i n e s . Since i t i s 

by i t s natvire an I n t e g r a t i n g science i t depends upon other d i s c i p l i n e s f o r basic 

data and p r i n c i p l e s t o be ap p l i e d t o the I n t e r p r e t a t i o n o f environmental r e l a t i o n ­

ships. E c o l o g i s t s n e c e s s a r i l y use the techniques suid t h e o r i e s o f physics, chem­

i s t r y , the e a r t h sciences, b i o l o g y and behavioural sciences i n t h e i r s tudies o f 

the i n t e r a c t i o n s between organisms and environment. The laws o f thermo-dsmamics, 

f o r example, derived by p h y s i c i s t s , provide a basis f o r i n t e r p r e t i n g energy f l o w 

through the b i o t i c communities t h a t are the concern o f e c o l o g i s t s . 
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B. THE BIOSPHERE CONCEPT 

1. D e f i n i t i o n 

A l l l i f e on e a r t h i s confined t o and dependent upon a t h i n f i l m o f a i r , 

s o i l and water known as the biosphere.^^^ This outer s h e l l o f the e a r t h , com­

posing the upper few f e e t of s o i l and rock surface on the c o n t i n e n t s , the waters 

of the land and the oceans and the lower l e v e l s o f the earth's atmosphere, i s 

the r e g i o n i n which I n t e r a c t i o n s occur between the energy provided by s u n l i g h t 

and the chemical m a t e r i a l s o f the e a r t h . These i n t e r a c t i o n s make possible the 

existence o f l i f e and determine the nature o f the many kinds o f environments 

t h a t e x i s t on the surface of the e a r t h . 

2. Man's changing r S l e i n the biosphere 

A review of human e v o l u t i o n reveals man s t a r t i n g w i t h a small, and incon­

spicuous r S l e i n the biosphere as one of several primate species occupying a 

l i m i t e d area i n the old-world t r o p i c s . His e f f e c t s upon h i s environment were no 

greate r than those of other w i l d animals. His dependence upon i t was complete. 

He r e q u i r e d oxygen and water derived from the atmosphere, energy from s u n l i g h t 

transformed by green p l a n t s i n t o s t a t e s s u i t a b l e f o r human capture and a s s i m i l a ­

t i o n . He was a predator upon c e r t a i n other animals and a prey o f l a r g e r or more 

capable carnivores. ' 

As h\jman e v o l u t i o n proceeded, however, the r o l e o f man i n the biosphere I n ­

creased. With the discovery of the uses of f i r e he was able t o modify v e g e t a t i o n 

and thus a f f e c t the co n d i t i o n s of l i f e f o r a much wider array of p l a n t s and a n i ­

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

k i n d o f omnivorous animal t o become a ifactor determining the co n d l t l o r i s of l i f e 

(j,)- I t should be noted t h a t some e c o l o g l s t s r e s t r i c t the usage of "biosphere" 
t o i n c lude only organisms and not t h e i r p h y s i c a l environment. 
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f o r a l l other species of , l i f e I n h a b i t i n g the same geographical area. With c i v i ­

l i z a t i o n and the gradual development o f t e c h n o l o g i c a l s k i l l s he became a minor 

g e o l o g i c a l f o r c e , a f f e c t i n g t h a t p o r t i o n of biosphere i n which h i s numbers were 

concentrated. With the i n d u s t r i a l r e v o l u t i o n and the channelling of new energy 

sources i n t o the production of m a t e r i a l s u s e f u l t o h i m s e l f , he became a g l o b a l 

f o r c e , and ass\jmed a p o s i t i o n of e c o l o g i c a l dominance over other l i v i n g compon­

ents and much of the Inorganic m a t e r i a l o f the biosphere. 

Despite t h i s , however, man remains b a s i c a l l y an omnivorous animal dependent 

upon the oxygen and water from the atmosphere and energy from s u n l i g h t transformed 

by green p l a n t s i n t o s t a t e s s u i t a b l e f o r human capture and a s s i m i l a t i o n . Although 

i n a p o s i t i o n of dominance, he cannot f o r long modify con d i t i o n s w i t h i n the b i o ­

sphere beyond the l i m i t s o f tolerance f o r h i m s e l f and the animals and p l a n t s 

upon which he s t i l l depends f o r l i f e . Where he does so, he perishes. 

5 ; I n t e r a c t i o n s i n the biosphere 

The i n t e r r e l a t i o n s h i p s w i t h i n the environment t h a t man occupies have been 

described i n p a r t i n the f i r s t s e c t i o n o f t h i s paper. The tota!^ extent o f these 

i n t e r r e l a t i o n s h i p s i s something we have only r e c e n t l y begirn t o understand. I t i s 

g e n e r a l l y agreed among s c i e n t i s t s who have considered the o r i g i n of l i f e on e a r t h , 

t h a t before l i f e evolved the earth's atmosphere was devoid pf oxygen. Oxygen i s 

a product of photosynthesis, c a r r i e d on by green p l a n t s , and i s only added t o i n 

i n s i g n i f i c a n t q u a n t i t i e s by man's i n d u s t r i a l production o f i t . The v e g e t a t i o n 

cover o f the land and s o i l and the a l g a l p o p u l a t i o n o f the upper l a y e r s of the 

ocean maintain the oxygen balance o f a i r , water and s o i l . With any reasonable 

l e v e l of human po p u l a t i o n , such oxygen production would h a r d l y be i n t e r f e r e d w i t h 

t o any serious degree. Continued human pop u l a t i o n increase combined w i t h vegeta­

t i o n disturbance and the burning of f o s s i l f u e l s would create such a dangerous 
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i n t e r f e r e n c e . W i t h o u t b e t t e r k n o w l e d g e o f g l o b a l r a t e s o f p h o t o s y n t h e s i s a n d 

o x i d a t i o n we c a n n o t p r e d i c t when a d a n g e r p o i n t w o u l d be r e a c h e d . 

P r e s e n t l e v e l s o f human p o p u l a t i o n and i n d u s t r i a l a c t i v i t y have s i g n i f i ­

c a n t l y i n c r e a s e d t h e c a r b o n d i o x i d e c o n t e n t o f t h e a t m o s p h e r e a t a r a t e o f . 7 ppm 

p e r y e a r . T h i s i s b e l i e v e d b y some t o c r e a t e a " g r e e n h o u s e " w a r m i n g e f f e c t 

w i t h i n t h e e a r t h ' s a t m o s p h e r e , w h i c h w i l l e x p e d i t e t h e m e l t i n g o f t h e w o r l d ' s 

g l a c i e r s a n d i c e c a p s , cause a r i s i n g o f sea l e v e l s and a subraeij-gence o f c o a s t a l 

l a n d s u p o n w h i c h a h i g h p e r c e n t a g e o f t h e p r e s e n t human p o p u l a t i o n o f t h e e a r t h 
I 

i s now c o n c e n t r a t e d . Al thoiJ igh t h e r e i s no i m m e d i a t e d a n g e r , m a n ' s u l t i m a t e o c ­

c u p a n c y o f t h e b i o s p h e r e may w e l l be g r e a t l y i n f l u e n c e d b y t h e c a r e he t a k e s t o 

m a i n t a i n t h e n e c e s s a r y r a t i o o f gases w i t h i n t h e a t m o s p h e r e . 

I n t e r r e l a t i o n s h i p s w i t h i n t h e b i o s p h e r e h a v e b e e n i l l u m i n a t e d b y m a n ' s 

m i s u s e o f a t o m i c e n e r g y t h r o u g h t h e d e t o n a t i o n o f n u c l e a r e x p l o s i o n s . F a l l o u t 

f r o m a t o m i c a n d h y d r o g e n bombs k i l l s s m a l l o r g a n i s m s and damages t i s s u e s o f 

l a r g e r o r g a n i s m s a t d i s t a n c e s h a l f - a - w o r l d away f r o m t h e s i t e s o f t h e e x p l o s i o n . 

A l t h o x i g h p r e s e n t f a l l o u t l e v e l s c r e a t e no i m m e d i a t e d a n g e r t o man, r a d i o a c t i v i t y 

i s i n i m i c a l t o l i f e a n d , t h e consequences o f a n y m a j o r d i s c h a r g e o f r a d i o a c t i v e 

m a t e r i a l s i n t o t h e a t m o s p h e r e a r e a p p a r e n t and w e l l - k n o w n . No n a t i o n w o u l d be 

Immune t o t h e consequences o f a t o m i c w a r f a r e . 

S t u d i e s o f b o t h r a d i o - i s o t o p e s , and o f p e s t i c i d e c h e m i c a l s have i n c r e a s e d 

o u r awareness o f t h e a b i l i t y o f b i o l o g i c a l m a t e r i a l t o c o n c e n t r a t e c h e m i c a l s t o 

a d e g r e e t h a t w o u l d be u n p r e d i c t a b l e f r o m t h e c o n s i d e r a t i o n o f s i m p l e p h y s i c a l 

l a w s a l o n e . The movement o f a i r and ocean" c u r r e n t s and t h e m i g r a t i o n s o f b i r d s , 

i n s e c t s a n d o t h e r a n i m a l s make i t p o s s i b l e f o r c h e m i c a l s t h a t a r e r e l e a s e d i n 

one a r e a t o have t h e i r u l t i m a t e e f f e c t s t h r o v i g h b i o l o g i c a l c o n c e n t r a t i o n i n 

a r e a s q u i t e removed f r o m t h e s o u r c e . DDT, p r e s i i m a b l y r e l e a s e d o n . a n o t h e r c o n ­

t i n e n t , a p p e a r s i n t h e t i s s u e s o f A n t a r c t i c a n . i m a l s . Radio-rces . ium, d e r i v e d f r o m 
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atomic explosions, a.lthough o c c t i r r l n g a t low l e v e l s I n the atmosphere or s o l i , 

appears I n dangerous concentrations I n the t i s s u e of A r c t i c caribou, thousands 

of miles from the area of o r i g i n . 

Studies o f urban a i r p o l l u t i o n f u r t h e r r e v e a l environmental pathways w i t h i n 

the biosphere. Automobile exhaust fumes released I n the urban concentration 

areas of coast a l C a l i f o r n i a have t h e i r e f f e c t s upon crops i n the C e n t r a l V a l l e y 

of C a l i f o r n i a , hundreds of miles away. Smog from these urban,centres damages 

pine t r e e s growing i n the d i s t a n t S i e r r a Nevada mo\intains. 

- As our knowledge of the biosphere Increases, our r e a l i z a t i o n t h a t we l i v e 

i n "one world", not i n a p o l i t i c a l sense but i n a r e a l i s t i c b i o l o g i c a l sense be­

comes more c e r t a i n . 

C. THE ECOSYSTEM CONCEPT 

1. D e f i n i t i o n 

The fundamental u n i t o f study i n ecology i s the ecosystem. This i s defined 

as a l i v i n g community and i t s n o n - l i v i n g p h y s i c a l environment. I t i s impossible 

t o separate except f o r purposes of discussion the two components of an ecosystem. 

Thus the atmosphere, a i r , could be considered as n o n - l i v i n g . Nevertheless a i r i s 

con s t a n t l y being used by a l l l i v i n g organisms i n a b i o t i c community. I n the pro­

cess of use, i t s chemical composition i s being modified through a d d i t i o n s or sub-

s t r a c t i o n s o f oxygen, carbon d i o x i d e and water vapour. Thus the atmosphere i n 

the immediate v i c i n i t y of a b i o t i c community provides both p a r t of the environ­

ment and p a r t of the community. I t i s d i f f e r e n t from the atmosphere t h a t would 

e x i s t were the b i o t i c community t o be removed, since i t would contain d i f f e r e n t 

percentages o f COg, oxygen, water vapour and n i t r o g e n and vindoubtedly have d i f ­

f e r e n t temperature c h a r a c t e r i s t i c s . 

The term ecosystem i s f l e x i b l e i n i t s usage and can describe any combina­

t i o n o f l i v i n g t h i n g s and p h y s i c a l environment t h a t are i n t e g r a t e d . I n t e r a c t and 
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achieve some degree of s t a b i l i t y . The value o f the concept i s the'emphasis i t 

places upon i n t e r a c t i o n s and upon the r e a l i z a t i o n t h a t no l i v i n g t h i n g e x i s t s 

apart from other l i v i n g t h i n g s or from i t s environment. 

2. Kinds o f ecosystems 

For purposes of study the world i s d i v i d e d i n t o major, categories o f eco-• 

systems and various s u b d i v i s i o n s o f these. I n the t e r r e s t r i a l environment, ma­

j o r categories .include the major types of world v e g e t a t i o n : tundra i n the A r c t i c 

and A r c t i c - a l p i n e r e g i o n s , b o r e a l f o r e s t i n the s u b - a r c t i c and sub-alpine r e ­

gions, various categories of temperate zone f o r e s t s and shrub, grasslands and 

d e s e r t s , various categories of t r o p i c a l and s u b - t r o p i c a l f o r e s t and savanna. 

W i t h i n each of these ma^or v e g e t a t i o n r e g i o n s , or biomes, c e r t a i n types o f veg­

e t a t i o n represent r e l a t i v e l y s t a b l e and permanent communities known as climax 

•commTihities.' Other types of v e g e t a t i o n , more t r a n s i t o r y i n t h e i r existence, are 

known as sub-climaxes.or successional commtihities. Given time and freedom from 

disturbance these' change in t o ' the more stable-climaxes. 

W.ithin each'major v e g e t a t i o n r e g i o n i s a c h a r a c t e r i s t i c animal l i f e ; i n ­

c l u d i n g among i t s ranks herbivorous and carnivorous species each adapted t o oc­

cupy a c e r t a i n place i n the environment, or e c o l o g i c a l niche; each depending 

upon other species f o r i t s existence and i n t u r n supporting the existence of 

s t i l l another group of species. Each major v e g e t a t i o n type w i l l provide niches 

t h a t are occupied by e c o l o g i c a l l y equivalent animal species. The small deer of 

the Asian r a i n f o r e s t s have t h e i r equivalent i n the small antelopes o f the A f r i c a n 

f o r e s t s , o r ' i n deer of d i f f e r e n t species i n the American r a i n f o r e s t s . 

Each major ecosystem may be subdivided i n t o smaller, but s t i l l d i s t i n c t i v e 

communities, each w i t h a d i f f e r e n t a r ray of p l a n t species occupying a d i f f e r e n t 

k i n d of s o i l and o f t e n characterized by a d i f f e r e n t k i n d of m i c r o c l i m a t e , each 

supporting a d i f f e r e n t a r ray of animal species. These communities i n t h e i r 
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aggregate, i n c l u d i n g both climax and successional stages, represent the g r e a t e s t 

degree of b i o l o g i c a l complexity aiid d i v e r s i t y t h a t the e a r t h has produced and. 

supported during recent g e o l o g i c a l times. Each species supported represents a 

stage i n an e v o l u t i o n a r y process t h a t may be t r a c e d back t o the beginnings o f 

l i f e on e a r t h . Each i n t u r n may give r i s e i n f u t u r e time t o new species adapted 

t o changing c o n d i t i o n s on the earth's surface. 

3 . Relevance o f the ecosystem concept 

The ecosystem concept helps t o e x p l a i n both the success and f a i l u r e s i n 

man's attempts t o modify the n a t u r a l environment f o r h i s own uses. I n general, 

a land use p r a c t i c e developed i n one ecosystem may be t r a n s f e r r e d t o a geo­

g r a p h i c a l l y separate, but s i m i l a r , ecosystem w i t h hope f o r success. Thus a g r i ­

c u l t u r a l p r a c t i c e s developed i n the temperate deciduous f o r e s t r e g i o n of Europe 

were t r a n s f e r r e d " w i t h good success by c e r t a i n groups of c a r e f u l farmers t o the 

temperate deciduous' f o r e s t r e g i o n o f eastern North America. Attempts t o t r a n s ­

f e r them, however^ t o ;the humid t r o p i c a l f o r e s t regions o f the world have been 

marked by f a i l u r e . Grazing systems adapted t o the humid pastures o f Europe have 

f a i l e d completely when ap p l i e d t o the a r i d steppes of A u s t r a l i a . Forest prac­

t i c e s acceptable i n temperate America have been p o o r l y adapted t o the American 

t r o p i c s , but successful i n temperate f o r e s t s o f eastern Asia. 

Since ecosystems d i f f e r from one another i n s o i l , m i cro-climate, vegeta­

t i o n and animal l i f e , each presents a d i f f e r e n t problem i n land use. Under­

standing of the r e l a t i o n s h i p of n a t i v e species w i t h t h e i r environment can g r e a t l y 

a s s i s t i n achieving s t a b i l i z e d and productive use o f domesticated species. Thus 

studies of s o i l - f o r m i n g processes imder n a t i v e grassland v e g e t a t i o n have helped 

i n the improvement and maintenance o f grassland s o i l s devoted t o c e r e a l - g r a i n 

a g r i c u l t u r e , through demonstrations o f those f a c t o r s , t h a t c o n t r i b u t e d o r i g i n a l l y 

t o f e r t i l i t y and p h y s i c a l s t r u c t u r e . Studies o f t h e . r S l e of n i t r o g e n - f i x i n g 
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t r e e s such as alders ( A l m s ) have demonstrated t h e i r Importance I n f o r e s t suc­

cession and the enrichment o f f o r e s t s o i l s . Comparisons I n Germany of s o i l s ^ 

created throvigh f o r e s t monocultures w i t h n a t u r a l l y o c c u r r i n g f o r e s t s o i l s have 

l e d t o a more balanced and sustained production from commercial f o r e s t s . 

Ecosystems d i f f e r also I n t h e i r a d a p t a b i l i t y and tol e r a n c e t o change. 

Those o f n o r t h e r n and western Europe have adapted and adjusted t o a long pro­

cess of t r i a l and e r r o r I n land-use t h a t has f i n a l l y evolved I n t o a h i g h l y 

s t a b l e a g r i c u l t u r e . Those I n Mediterranean Europe, less t o l e r a n t and adaptable, 

have broken down over extensive areas xmder s i m i l a r pressures. I n a r i d or col d 

areas, where l i f e e x i s t s I n d e l i c a t e balance w i t h a h o s t i l e environment, land-

use blunders can have l o n g - l a s t i n g 111 e f f e c t s . I n more humid and warmer areas, 

s i m i l a r mistakes are more r e a d i l y absorbed and co r r e c t e d . 

4. Importance f o r maintaining reference types of ecosystems 

A l l o f man's advances i n c u l t u r e have been associated w i t h new and im­

proved ways of using the biosphere t o produce t h i n g s necessary or d e s i r a b l e t o 

mankind. The products o f n a t t x r a l l y occurring, ecosystems may be harvested or 

cropped. A n a t u r a l ecosystem may be d r a s t i c a l l y modified t o ^ c r e a t e an a r t i f i c i a l ' 

one yleld.ing a grea t e r supply of u s e f u l products. Under c e r t a i n circumstances 

-improvements may be made upon n a t u r a l c o n d i t i o n s , as f o r example i n western 

Europe and eastern Asia. Many o f the a g r i c u l t u r a l s o i l s i n these areas are ap­

p a r e n t l y superior i n f e r t i l i t y and s t a b i l i t y t o the s o i l s o r i g i n a l l y formed un­

der f o r e s t cover. Under other circvimstances d e t e r i o r a t i o n may take place, e i t h e r 

r a p i d l y or slowly, as i n many grassland areas o f both the o l d and the new world 

where p r o d u c t i v i t y has declined under continued grazing use. Progress or l o s s , 

however, can be best measured i f r e p r e s e n t a t i v e samples of the o r i g i n a l ecosys­

tems are maintained f o r study and comparison. Such samples must represent the 
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f u l l range o f systems being used f o r commodity production I f the comparisons are 

t o have value. 

Ecosystems also provide a r e s e r v o i r o f genetic m a t e r i a l s , a spectrum of 

orgamlsms adapted t o a p a r t i c u l a r range o f s o i l and c l i m a t i c condltlonis. I f 

preserved, these may provide. I n the f u t u r e , species d i r e c t l y u s e f u l t o man's 

purposes, perhaps f o r domestication, f o r b i o l o g i c a l c o n t r o l , f o r medical r e ­

search, or a v a r i e t y of other uses. 

Apart from Immediate p r a c t i c a l values ecosystems have an enormous value 

t o basic science, t o developing an understanding o f l i v i n g processes, e v o l u t i o n , 

comparative biochemistry, physiology and so f o r t h . 

The a e s t h e t i c and r e c r e a t i o n a l value of undisturbed w i l d areas grows also 

I n Importance as the percentage of the earth's svirface modified by man I s •,. 

extended. 

These then are some reasons f o r the maintenance o f unmodified areas o f 

n a t u r a l l y o c c u r r i n g e c o l o g i c a l systems. Wild species cannot be recreated I f 

once l o s t . At l i t t l e or no economic cost t o mankind, however, they can be 

maintained. 
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IV. ECOSYSTEMS AND MANKIND 

A. ENERGY FLOW AND ENERGY NEEDS 

1. The energy cycle 

The dependence o f l i f e upon s o l a r energy i s complete. This includes not 

only the dependence on s u n l i g h t i n supplying warmth and i l l i i m i n a t i o n t o the 

earth's surface, but also on i t s r 8 l e i n p r o v i d i n g the energy contained i n food 

and i n th e > f u e l s t h a t are burned t o operate our i n d u s t r i a l c i v i l i z a t i o n . Much 

research i s d i r e c t e d today toward the important question of g r e a t e r e f f i c i e n c y 

i n the capture and storage of so l a r energy. B a s i c a l l y , however, mankind w i l l 

always depend mostly upon the most widespread process f o r energy capture and 

storage - t h a t provided by photosynthesis i n green p l a n t s . 

Man r e q u i r e s approximately 2,000 c a l o r i e s o f energy from food each day t o 

maintain h i s metabolism and t o f u n c t i o n e f f i c i e n t l y . The a c t u a l requirement va­

r i e s w i t h i n d i v i d u a l s and the amount of work-performed. A l l of t h i s energy was 

captured by green p l a n t s and stored i n chemical bonds i n carbohydrates, f a t s , 

p r o t e i n s or vi t a m i n s . • ^ • 

Energy flow through the ecosystem i s an i n e f f i c i e n t process.. Seldom i s 

more than about one per cent o f the t o t a l s o l a r energy .impinging upon extensive 

areas of vegeta t i o n a c t u a l l y captured and f i x e d as stored p o t e n t i a l ^ energy i n 

p l a n t s , althoiigh higher e f f i c i e n c i e s are reported from some a g r i c u l t u r a l crops, 

small areas o f productive n a t u r a l commun.ities and a l g a l c u l t u r e s . I t i s u n l i k e l y 

t h a t a h i g h degree of e f f i c i e n c y w i l l ever be reached'in any larg e - s c a l e food 
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p r o d u c t i o n endeavoin". However, the e f f i c i e n c y of s o l a r energy f i x a t i o n i s s e l ­

dom an' important l i m i t i n g f a c t o r i n food production. 

Energy captvired by green p l a n t s becomes a v a i l a b l e t o higher organisms i n 

an ecosystem and i s sa i d t o f l o w through the v a r i o u s energy l e v e l s , or t r o p h i c 

l e v e l s , o f a food chain. A food chain c o n s i s t s o f a s e r i e s o f organisms, one 

feeding upon the other. Because of the i n e f f i c i e n c y i n energy t r a n s f e r and loss: 

o f energy a t each t r a n s f e r i n the manner t o be described below, food chains are 

u s u a l l y s h o r t . 

I n the t r a n s f e r o f energy from green p l a n t s t o herbivores that.consume 

green p l a n t s , most o f the energy stored by the p l a n t s i s l o s t through d i s p e r s a l 

as heat i n the processes of d i g e s t i o n and metabolism or through e l i m i n a t i o n as 

vmdigested wastes. The energy a c t u a l l y stored i n . the t i s s u e s o f a herbivore 

u s u a l l y represents only a small percentage o f the energy o r i g i n a l l y a v a i l a b l e i n 

i t s food. Thus the hog, a r e l a t i v e l y e f f i c i e n t energy converter, w i l l supply i n 

i t s t i s s u e s only about 2 0 per cent o f the energy i n the corn t h a t the hog feeds 

upon. When carnivores feed upon herbivores there i s s t i l l another loss of en­

ergy and most o f the energy contained w i t h i n the t i s s u e s o f herbivores does not 

appear as energy stor e d w i t h i n the body o f i t h e c a r n i v o r e . Thus, i n any ecosys­

tem, the. r e l a t i v e amount of energy a v a i l a b l e t o a species t h a t fed e x c l u s i v e l y 

upon other carnivores would be q u i t e small compared t o t h a t o r i g i n a l l y a v a i l a b l e 

i n green p l a n t s . 

The i n e f f i c i e n c i e s o f energy t r a n s f e r w i t h i n an ecosystem are examples o f 

a long-recognized p h y s i c a l law, the second law o f thermodynamic's, which s t a t e s , 

i n e f f e c t , t h a t i n any spontaneous t r a n s f o r m a t i o n o f energy some w i l l i n e v i t a b l y 

be l o s t t o the system, dispensed as una v a i l a b l e heat energy. I t i s a law t h a t 

hiimans have learned t o l i v e w i t h . I n over-populated areas, few can a f f o r d the 

l u x u r y o f energy t r a n s f e r from green p l a n t s through he r b i v o r e s . Plant foods 
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must be consxaned d i r e c t l y by man t o achieve the c a l o r i c i n t a k e needed t o s u s t a i n 

l i f e . Q u a l i t y o f d i e t , the l u x u r y o f feeding upon meat-animals or f i s h , must be 

s a c r i f i c e d t o c a l o r i c q u a n t i t y . However, while c a l o r i c q u a n t i t y may be adequate 

t o s u s t a i n l i f e f o r a short p e r i o d , a s a c r i f i c e i n food q u a l i t y r e s u l t s i n . s e r i ­

ous consequences t o h e a l t h , r e p r o d u c t i o n , v i g o u r , growth and other metabolic 

processes. P r o t e i n hunger i s f a r more widespread i n the world than c a l o r i c 

hunger. 

2. Main's changing r 8 l e i n the energy cycle 

Before man or h i s ancestors had f i r e , h i s energy supply came almost en­

t i r e l y from the food t h a t he could consume and f l u c t u a t e d perhaps from 2,000 up 

t o 3»000 or more c a l o r i e s per day depending on the a v a i l a b i l i t y o f e d i b l e mate­

r i a l s . Any excessive use of energy by the body, as i n keeping warm i n cool wea­

t h e r , or cool i n hot weather, f i g h t i n g or f l e e i n g before foes, or escaping hos­

t i l e forces i n the environment, had t o be compensated by increased food consump­

t i o n . The environment o f man was n e c e s s a r i l y r e s t r i c t e d t o areas w i t h o u t extreme 

c o l d , w i t h adequate s h e l t e r from excessive heat and p a r t i c u l a r l y t o those w i t h a 

r e l a t i v e l y abundant supply of accessible food and water. 

The discovery o f f i r e , both Increased main's basic l e v e l o f energy consump­

t i o n and extended h i s environmental range. 

The next major step upward i n the r a t e o f energy u t i l i z a t i o n accompanied 

the i n d u s t r i a l r e v o l u t i o n , wh6n f o s s i l f u e l s were f i r s t harnessed on a l a r g e 

scale t o do man's w o r k . U s e o f nuclear energy (derived from the sun d u r i n g the 

per i o d o f Jthe earth's formation) i s a recent developnent and s t i l l ddes not con­

t r i b u t e g r e a t l y t o t o t a l energy consumption. Thus food i s only a small p a r t o f 

the energy consumed by an i n d u s t r i a l i z e d s o c i e t y , but i t remains a b a s i c , essen­

t i a l p a r t f o r which no s u b s t i t u t e s w i l l be a v a i l a b l e . I t s continued production 



i n q u a n t i t i e s adequate f o r human needs remains a f i r s t p r i o r i t y i n conservation 

planning. 

The use o f f o s s i l f u e l s , h y d r o - e l e c t r i c • a n d nuclear power t o accomplish 

work has a sparing a c t i o n upon b i o t i c resoiirces. Were i t possible t o run an i n ­

d u s t r i a l s o c i e t y on food-supplied energy and wood f u e l alone, i t i s d o u b t f u l i f 

th e b i o t i c resources o f the e a r t h would be adequate t o meet today's energy needs. 

S u b s t i t u t i o n o f machines d r i v e n by power from sources other than food or human 

muscle power decreases the demands placed upon our a g r i c u l t u r a l resources. Sub­

s t i t u t i o n o f f o s s i l f u e l s f o r wood makes possible today's programmes f o r f o r e s t 

conservation. I t i s i r o n i c t h e r e f o r e t h a t South West Asia, w i t h a l a r g e share 

o f the world's f o s s i l - f u e l resources, has placed some o f the heaviest demands 

upon i t s l i m i t e d supply o f v e g e t a t i o n s u i t a b l e f o r burning I n campflres and. cook­

i n g f i r e s and today s u f f e r s the severe consequences o f widespread d e f o r e s t a t i o n . 

Despite the massive consiimption of energy i n i n d u s t r i a l i z e d s o c i e t i e s , a l l 

s o c i e t i e s must meet the basic food energy requirements o f man throvigh dependence 

upon the annual storage of energy by green p l a n t s . The f l o w o f energy through 

n a t u r a l or modified food chains remains the process most v i t a l t o continued hu­

man occupancy of the e a r t h . 

3 . Food f o r the world's growing p o p u l a t i o n 

For man, as f o r the l a r g e r animals, demographic changes are n e c e s s a r i l y 

slow and t o be measured by generations r a t h e r than i n years. For many c e n t u r i e s 

the o v e r a l l growth i n world population-must have been extremely slow and un­

even as between d i f f e r e n t communities according t o t h e i r mastery o f t h e i r en­

vironments and the incidence of disease and d i s a s t e r . I n t h e two thousand years 

before the Seventeenth century the w o r l d p o p u l a t i o n may have doubled. I t doubled 

again i n the next two hundred years, t h i s demographic change r e f l e c t i n g mainly 

the new technologies o f the now developed c o u n t r i e s . Since then, l a r g e l y through 
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advances I n medicine and hygiene, a demographic t r a n s i t i o n has been even more 

pronoimced i n the developing world which Includes the m a j o r i t y of the human popu­

l a t i o n . At the present r a t e i t may double w i t h i n kO years and the r a t e of i n ­

crease i s i t s e l f I n c r e a s i n g . Any l i m i t a t i o n of population growth w i l l r e q u i r e 

yet another wholesale demographic change i n succeeding generations. 

Technology i n the developing world has lagged behind advances i n medicine 

and the m a j o r i t y of the race does not now enjoy a s u f f i c i e n t or s u f f i c i e n t l y 

balanced d i e t . Other m a t e r i a l needs are even more imequally met, as between the 

developing and the developed n a t i o n s . A vast increase i n p r o d u c t i v i t y from land 

and water resources w i l l be r e q u i r e d t o s a t i s f y the reasonable needs of the pre­

sent p o p u l a t i o n and t o provide f o r i t s i n e v i t a b l e growth. 

There has i n f a c t also been a con t i n u i n g but iineven increase i n a g r i c u l -

t i i r a l production i n developing c o u n t r i e s , the production of food crops having 

r i s e n by some 5 Per cent per annum over the past decade. This i s more or less 

i n step w i t h the growth of popul a t i o n but not w i t h the growth i n per caput- i n ­

come which measures the e f f e c t i v e demand f o r a more s a t i s f y i n g d i e t . The unsat­

i s f i e d demand, l a r g e l y by urban populations and the uneven increase from year t o 

year and from one country t o another has l e d t o s u b s t a n t i a l imports of cereals 

and other food products i n place o f former exports. The volijmie of these imports 

i s r i s i n g a t some 6 per cent per annum and i s now o f the order of 10 per cent of 

t o t a l consianption, i n c l u d i n g some 23 m i l l i o n tons o f cereals a year i n the pe­

r i o d 1 9 6 l - 1 9 6 3 « The p r o j e c t e d demand f o r food i n the developing w o r l d ^ w i l l be 

from 50 t o 60 per cent higher i n 1975 than i t i s now and, since the foreseeable 

increase i n l o c a l production w i t h i n a decade i s l i m i t e d , food imports w i l l a t 

l e a s t be doubled. The s h o r t - f a l l can no doubt be met from the farm lands of the 

temperate zones b u t , w i t h the l i m i t e d purchasing power of the consiomers, h a r d l y 

on commercial terms. 
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The dilemma a r i s e s from the f a i l u r e o f developing c o u n t r i e s t o modernize 

t h e i r a g r i c u l t i i r e , i n f a c t t o appreciate the e c o l o g i c a l n e c e s s i t i e s of t h e i r 

s i t u a t i o n , as r a p i d l y as they have attempted t o develop t h e i r i n d u s t r i e s and im­

prove the h e a l t h o f t h e i r peoples. The tendency has been t o extend the l i m i t s 

o f c u l t i v a t i o n and reproduce, o f t e n i n l e s s s u i t a b l e environments, the e x i s t i n g 

technology o f production - a more serious encroachment on the biosphere than any 

t h r e a t a r i s i n g from the i n t r o d u c t i o n o f w e l l chosen methods o f i n t e n s i v e a g r i ­

c u l t u r e . 

The b i o l o g i c a l phenomenon of p o p u l a t i o n growth i s as much an element o f the 

dynamic ecosystem as any o f i t s " n a t i x r a l " b i o l o g i c a l elements. To feed, house, 

c l o t h e and g e n e r a l l y provide f o r the m a t e r i a l needs of the f u t u r e race i s not be­

yond man',s t e c h n i c a l competence. The challenge l i e s i n deploying technology i n 

a manner which w i l l not overtax n a t u r a l resources or u t t e r l y d e stroy i r r e p l a c e ­

able elements o f the f l o r a , fauna and h a b i t a t . 

B. THE CYCIE OF WATER 

1. The hydrolo g i c cycle 

Water flows through the biosphere along pathways t h a t are described as 

hydr o l o g i c c y c l e s . Solar energy acting'upon the surfaces o f the globe r a i s e s 

water vapour i n t o the atmosphere and thro\agh d i f f e r e n t i a l warming o f the atmos­

phere generates the major atmospheric movements t h a t bring^moisture-laden a i r t o 

the earth's land surfaces. F a l l i n g as p r e c i p i t a t i o n water enters i n t o t e r r e s ­

t r i a l ecosystems i n many ways, determining l o c a l c l i mates, r e g u l a t i n g tempera­

t u r e i n l i v i n g organisms, e n t e r i n g a l l o f the various metabolic processes o f 

pl a n t s and animals, running o f f v e g e t a t i o n or ground surfaces t o enter stream 

f l o w , or p e r c o l a t i n g through s o i l and rock t o enter underground storage areas. 

At every stage i n the process water may be. l o s t once more t o the atmosphere 
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through evaporation and must be replaced i n the ecosystem by f u r t h e r , p r e c i p i t a ­

t i o n . 

P r e c i p i t a t i o n and temperature combine as the most important environmental 

f a c t o r s t h a t determine t h e k i n d o f ecosystem t h a t w i l l develop i n a given l o c a l ­

i t y . A c t i n g along w i t h v e g e t a t i o n gind animal l i f e t o modify the rocks of the 

earth's surface, they determine the k i n d o f s o i l t h a t w i l l form, i t s p h y s i c a l 

s t r u c t u r e and i t s f e r t i l i t y . The importance of water t o man i s obvious. I t i s 

regarded by some as the earth's most c r i t i c a l nature resoiirce and one l i k e l y t o 

be a f a c t o r l i m i t i n g human po p u l a t i o n increase. The importance o f understanding 

the hydrology o f the e a r t h has been emphasized by the i n s t i t u t i o n o f an I n t e r n a ­

t i o n a l H y d r o l o g i c a l Decade under the auspices of Unesco. 

2 . Water i n the ecosystem 

Water f a l l i n g upon a paved stirface w i l l e i t h e r r u n - o f f or evaporate. Wa­

t e r f a l l i n g upon a vegetated area may f o l l o w many pathways. Some w i l l ' b e i n t e r ­

cepted i n v e g e t a t i o n and evaporate from the l e a f canopy, some w i l l evaporate 

from the s o i l surface. Under circumstances where the r a t e o f p r e c i p i t a t i o n ex­

ceeds the r a t e a t which s o i l can take up water, some w i l l run o f f . Water enter­

i n g the s o i l may be hel d w i t h i n i t , occupying a i r spaces or hel d by various 

t i g h t or loose bonds t o the s o i l p a r t i c l e s . Water may penetrate through the 

s o i l and enter underground channels through various openings i n rock surfaces, 

or i f the s o i l i s b u i l t from h i g h l y porous m a t e r i a l s such as sand or g r a v e l may 

flow throvigh these t o lower l e v e l s , t o emerge i n some other place as seeps or 

springs, or t o be held i n undergroimd a r t e s i a n basins. Some water t h a t i s held 

t e m p o r a r i l y i n s o i l w i l l move t o the s o i l sxu?face th r o i i g h c a p i l l a r y a c t i o n , as 

water evaporates from the surface. Much of the water t h a t i s i n the s o i l w i l l 

be used by the v e g e t a t i o n , passing through r o o t s and stems t o be t r a n s p i r e d i n t o 

the a i r . Some w i l l be hel d w i t h i n the vegetation- i n chemical combination or t o 
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maintain c e l l turgor. Water within plants may be consumed by animals and s a t i s ­

fy, i n part or en t i r e l y , t h e i r normal v/ater requirements. S i m i l a r l y , water held 

i n s o i l or on the surface i n streams, ponds, springs, etc. may be consumed by 

animals. 

3 . Use of water 

Where man wants to. make di r e c t use of v;ater that f a l l s upon the land he 

may seek to modify.various aspects of the hydrologic cycle i n order to obtain a 

higher water y i e l d . Such modifications, however, usually involve losses of other 

values within an ecosystem. To obtain maximum y i e l d of water from a watershed, 

losses through evaporation or transpiration need to be minimized; and a system 

by which water goes d i r e c t l y from precipitation into underground aquifers to 

emerge- at the point of human use must be approached.. .Most naturally occurring 

watersheds, however, defy such si m p l i f i c a t i o n . I f the source of transpiration, 

vegetation, i s removed, the soil-hold.ing q u a l i t i e s of vegetation are also re­

moved. Frequently, the s o i l ' w i l l then erode from slopes and choke streams and. 

reservoirs and the s o i l that remains may become r e l a t i v e l y impervious to water, 

forcing a l l water to flow over ground surfaces with consequent increases i n 

evaporation. Thus, maintenance of vegetation cover and consequent s o i l struc­

ture and porosity i s often necessary for the best practicable sustained y i e l d s 

of water. Disturbance of vegetation and creation of bare s q i l , or compacted' 

s o i l w i l l often lead to.disturbances i n the production of a sustained y i e l d of 

water. Thus, the r e l a t i v e 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 i n areas susceptible to erosion can rule out any uses that disturb s o i l or 

vegetation. • ' 

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

stable flow of water and now are i n a cycle of seasonal flashfloods followed 
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by long periods, of a r i d i t y . " Such conditions r e f l e c t persistent misuse of vegeta­

tion and s o i l within the area .often r e s u l t i n g from xires or uncontrolled grazing. 

The demands placed upon the watersheds of the earth by man are heavy and 

varied. Water i s required, f i r s t of a l l , for drinking and must be present i n 

both adequate quantity and i n a quality that w i l l not impair human health or v i ­

t a l i t y . Equal in importance, but many times larger i n quantities required, i s . 

the use of water for the growing of food crops. Rated below these i n importance 

are uses of water for cleaning purposes,' i n d u s t r i a l processes of a l l kinds; for 

the transport of wastes, for transportation of people or t h e i r possessions; for 

f i r e suppression, for recreation and so on. Some of these uses are consumptive. 

The water used i n the production of crops for example cannpt be re-used. Other . 

uses are non-consumptive, transportation, hydroelectric povjer and recreational 

uses are examples. Others- are .intermediate, water used i n dr.ink.ing may be i n 

part re-used, i f wastes are removed from i t a'fter i t passes throvigh the body; 

water used i n transporting i n d u s t r i a l v/aste products may be re-used i f purified, 

although some.water w i l l be consumed i n many i n d u s t r i a l processes. 

The existence of useful water i n an environment determines the presence or 

absence of human cultures. The pressure upon the world's freshwater resources 

c a l l s for great care i n the management of watersheds and the uses of water. 

Vftiere human density i s high water must be used and re-used for many purposes. 

Under proper care a single water source may supply most human wants and needs -

providing multiple-purpose approaches are taken to i t s development and pollution 

i s . minimized. 

4. I r r i g a t i o n 

I n the dryer parts of the tropics and sub-tropics, agriculture without i r ­

rigation, i f possible at a l l , gives only a scanty and imcertain y i e l d and h a l f 

or more than h a l f of the land that has been converted from i t s natural state and 
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v e g e t a t i o n must be l e f t f a l l o w each year. Even i n w e t t e r areas the seasonal 

c o n c e n t r a t i o n of r a i n f a l l o f t e n l i m i t s p r o d u c t i o n t o a s i n g l e and p o s s i b l y pre­

carious harvest. Except i n the most favourable climates i r r i g a t i o n or supple­

mentary i r r i g a t i o n may, t h e r e f o r e , be a p r e r e q u i s i t e f o r the economic.applica­

t i o n of such a g r i c u l t u r a l improvements as the use o f f e r t i l i z e r s , higher y i e l d i n g 

v a r i e t i e s and crop r o t a t i o n s . 

The s i m p l i f i c a t i o n of the ecosystem c h a r a c t e r i s t i c of monocultures can be 

avoided where r a i n f a l l or i r r i g a t i o n and the temperature i n the growing seasons 

all o w a r o t a t i o n o f crops throiaghout the year. Major i r r i g a t i o n systems i n the 

v a l l e y s o f great r i v e r s may transform an e n t i r e c o i m t r y j smaller systems create 

i s l a n d s o f p r o d u c t i v i t y and add t o the e c o l o g i c a l and hioman s t a b i l i t y o f an 

otherwise harsh and o v e r - e x p l o i t e d environment. 

I n comparison w i t h the use of water i n i n d u s t r i a l processes the volimie r e ­

q u i r e d f o r i r r i g a t i o n i s immense i n r e l a t i o n t o the q u a n t i t y of the end product. 

I n an a r i d c l i m a t e as much as 10,000 tons o f water may be needed t o m a i n t a i n one 

hectare of land i n c u l t i v a t i o n throughout the year. Over and above the moistxire 

required' f o r t r a n s p i r a t i o n t h e re must be s u f f i c i e n t drainage t o prevent the ac­

cumulation o f s a l t s i n the s o i l and t o m a i n t a i n the water-table a t a s u i t a b l e , 

depth. 

Because so much water i s needed t o produce a crop and because water f o r 

the d r y season must o f t e n be stored i n dams or pumped from w e l l s , the u n i t c a p i ­

t a l cost and annual charges must be modest and the water must be used t o the best 

advantage. This considerably r e s t r i c t s the choice o f areas s u i t a b l e f o r i r r i g a ­

t i o n development. Research i s also xargently needed on the r e a l water r e q u i r e ­

ments and responses o f crops, t o make pos s i b l e a c a r e f u l l y r e g u l a t e d supply and 

an optimal cropping p a t t e r n . I n V/estern Asia, f o r example, f a l l o w s are usual 

even on i r r i g a t e d land because the supply i s l a r g e l y u n c o n t r o l l e d and s a l t s 
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accmulate i n the s o i l through inadequate drainage. I n India the water a l l o c a ­

t i o n for the same crop i n similar environments shows astonishing and presumably 

arb i t r a r y v a riations. Related to i r r i g a t i o n , flood control i s another necessary 

modification of the a g r i c u l t u r a l environment; they may well go together i n pro­

j e c t s for multi-purpose r i v e r basin development. 

I n the l i g h t of future needs for food and other a g r i c u l t u r a l products a 

required, and feasible, increase of at l e a s t 50 per cent i n areas under i r r i g a ^ 

t i o n by I 9 8 5 may be estimated, together with a s i g n i f i c a n t improvement i n i r r i - , 

gation e f f i c i e n c y . 

5 . Inland f i s h e r i e s 

I t i s beyond the scope of t h i s paper to discuss marine f i s h e r i e s ; inland 

f i s h e r i e s , however, may contribute some 15 per cent of the world catch, or about 

7 m i l l i o n tons, without taking into account the considerable volume of subsis­

tence and sport fishing throughout the world. Their r e l a t i v e contribution to 

the human diet i s even greater for much of the marine catch i s diverted to other 

uses. The world-wide d i s t r i b u t i o n of inland f i s h e r i e s makes them the sole.source 

of f i s h and a major source of protein i n many developing countries. 

Inland f i s h e r i e s are seldom incompatible with other uses of the v/ater and 

involve no si g n i f i c a n t cons-umption of the water i t s e l f ; as a s t a b i l i z i n g ele- • 

ment i n the ecosystem the f i s h improve i t s quality. Nor does the establishment 

of a fishery usually involve any modification of the physical environment. Some 

uses of the water may, however, be inimical to the f i s h , as with the effects of 

i n d u s t r i a l pollution. River basin development and land drainage may interfere 

with the migratory phase of the l i f e cycle and introduce fundamental changes in 

the environment to which the f i s h are exposed. On the other hand inland f i s h e r ­

i e s are often improved or even brought into existence by man-made structures such 

as dams and r i v e r control works. 
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Natijral and man-made areas of fresh water, r i v e r s , canals, lakes and 

swamps, may cover a total-'area of 5OO mi l l i o n hectares. I n addition there are 

vast areas of coastal lagoons and brackish swamps and estuaries equally capable 

of supporting a fishery. Only l o c a l l y are these resources f u l l y used, with im­

provement i n boats and gear and better a c c e s s i b i l i t y a much higher production 

i s c e r t a i n l y possible without modification to the environment or the ecosystem. 

More intensive systems of management, involving restocking with preferred spe­

cies,, the elimination of predators and the use of f e r t i l i z e r s , are generally 

only applicable to limited areas and are unli k e l y to affec t the ecology of major 

water bodies. The most intensive systems are f i s h cultures, i n a r t i f i c i a l ba­

sins or enclosures i n open water. Yields of several tons per hectare per annum 

are often obtained i n South East Asia and elsewhere and f i s h culture might be 

more widely developed to .improve human diets where-meat i s scarce and there i s 

l i t t l e surplus potential-' for livestock. -, . . . 

-C. - .^NUTRIENT CYCLES • AND. NUTRITIONAL NEEDS 

F i n a l l y , the ecosystem possesses a n u t r i t i o n cycle, linked to the energy 

and water cycles. I f l i f e i s to continue on earth, there must be constant ex­

change and continuous return of nutrients, with,wastage kept to a minimum. The 

sources, of n u t r i t i o n are s o i l , atmosphere and water. The return of nutrients to 

the s o i l i s dependent on agricultviral methods. Knowledge of the s o i l , of i t s 

management and of i t s behaviour i s thus of c a p i t a l importance. I f t h i s cycle i s 

to remain stable, r a t i o n a l explo.itation must ensure a balance between extraction 

and return of nutrients. This i s the problem of s c i e n t i f i c a l l y grounded f e r t i l ­

i z a t i o n . 

1 . Sources of nutrients 

Nutrients important to l i f e 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 v a r i e t y of other chemical elements must be present 

i n the s o i l f o r p l a n t growth t o occur. I t i s not enough, however, f o r them t o be 

present, they must be present i n a v a i l a b l e form, v;hich u s u a l l y means e i t h e r d i s ­

solved i n water i n the s o i l s o l u t i o n , or l o o s e l y attached t o cl a y or humus par­

t i c l e s w i t h i n the s o i l . A porous, f r i a b l e s o i l s t r u c t u r e i n which a i r and water 

can c i r c u l a t e , but c o n t a i n i n g s u f f i c i e n t c l ay or htmius t o provide a st e a d y sup­

p l y o f chemical n u t r i e n t s i s most favourable to" p l a n t growth. A g r i c u l t u r a l prac­

t i c e s which e i t h e r break down s o i l s t r u c t u r e , or lead t o excessive d r a i n s on s o i l 

f e r t i l i t y d i s r u p t the n u t r i e n t cycles e s s e n t i a l t o proper f u n c t i o n i n g o f the 

ecosystem. 

2. S o i l n u t r i e n t supplies 

I n some ecosystems,.'Such a s - p r a i r i e grasslands, the r a t e of turnover of 

n u t r i e n t s from s o i l vto plant.and back t o s o i l through the a c t i o n of decay organ­

isms i s r a p i d . These;.soils'themselves are developed under l o w - r a i n f a l l processes 

and o f t e n contains'a-^relative surplus, of n u t r i e n t s over and above the annual needs 

f o r p l a n t growth*, Lack of moisture, r a t h e r than lack of n u t r i e n t s , provides an 

annual l i m i t a t i o n t o the growth of these grasslands. Such s o i l s , when cleared 

of grass and seeded t o ce r e a l grains w i l l remain productive f o r decades even 

witho u t a d d i t i o n of f e r t i l i z e r p r o v i d i n g reasonable care i s given t o maintenance 

of the s o i l s t r u c t u r e . 

I n other ecosystems, however, the s o i l - f o r m i n g proaesses are such t h a t 

many n u t r i e n t s are i n r e l a t i v e l y short supply. T r o p i c a l f o r e s t s o i l s developed 

under high r a i n f a l l regimes, a r e ^ o f t e n h e a v i l y leached and o x i d i z e d . They con­

t a i n an excess of i r o n and aluminium s a l t s but a d e f i c i e n c y of other elements. 

Most o f the n u t r i e n t s are t i e d up w i t h i n the l i v i n g matter of the ecosystem, the 

p l a n t and'animal l i f e . As soon as these n u t r i e n t s are released, through death 

and decay, they are picked up again by p l a n t s and returned t o , t h e system. I f 
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v e g e t a t i o n i s cleared and burned, n u t r i e n t s once contained w i t h i n i t are released 

i n q u a n t i t y t o the s o i l , but since the s o i l l a c k s absorbing c l a y p a r t i c l e s t o 

h o l d n u t r i e n t s near the s o i l surface.they are q u i c k l y leached away by r a i n f a l l . 

The parent s o i l , because of leaching and o x i d a t i o n i s i n i t s e l f r e l a t i v e l y s t e r ­

i l e and consequently unable t o s u s t a i n an e x t r a c t i v e form of a g r i c u l t u r a l use 

f o r long. R e l a t i v e l y high production may f o l l o w the i n i t i a l c l e a r i n g , but i t 

cannot be long sustained. The s o i l s respond p o o r l y t o f e r t i l i z e r since they 

la c k the s t r u c t u r a l compounds t h a t w i l l hold and make a v a i l a b l e t o crop p l a n t s 

the elements supplied. 

Permanent a g r i c u l t u r e , i n such t r o p i c a l s o i l s , where i t can be achieved a t 

a l l , needs t o d u p l i c a t e as c l o s e l y as possible the s o i l forming and s o i l - h o l d i n g 

a c t i o n o f the n a t i v e v e g e t a t i o n . A garden-type a g r i c u l t u r e t h a t u t i l i z e s t r e e s , 

shrubs and r o o t crops, provides permanent cover f o r the s o i l and r e t u r n s n u t r i ­

ents t o i t , and reaches throiigh a v a r i e t y of r o o t systems i n t o many s o i l l a y e r s , 

seems best s u i t e d t o permanent production, p a r t i c u l a r l y where manuring and mulch­

i n g provide f o r a r e t u r n of n u t r i e n t s and humus. At best, however, these humid 

t r o p i c a l s o i l s are g e n e r a l l y d e f i c i e n t i n n i t r a t e s and produce crops h i g h i n c a l ­

o r i e s but low i n p r o t e i n * Under a g r i c u l t u r a l systems t h a t leave the s o i l bare t o 

the a c t i o n of s u n l i g h t and r a i n , such s o i l s can londergo l a t e r i z a t i o n - develop an 

almost i n d e s t r u c t i b l e iron-aluminium l a t e r i t e l a y e r - and become almost useless 

f o r f u r t h e r production o f any k i n d . 

5. S o i l surveys and s o i l management 

Although the s o i l and i t s p r o p e r t i e s are basic t o a l l a g r i c u l t u r e , m i l l i o n s 

o f farmers throughout the world now work s o i l s t h a t have never been examined s c i -

e n t i f . i c a l l y . With,a f a r reaching a g r i c u l t v i r a l r e v o l u t i o n now so necessary f o r 

man's s u r v i v a l the execution and i n t e r p r e t a t i o n o f s o i l , surveys i s a prime neces­

s i t y . Even long e s t a b l i s h e d and s t a b l e systems o f p r i m i t i v e a g r i c u l t u r e have 
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t h e i r s t a b i l i t y threatened by the need t o take up more land and grow more food. 

Meanwhile the gap between p o t e n t i a l sustained production from the s o i l and,cur­

r e n t production continues t o widen as new a g r i c u l t u r a l methods are devised; w e l l 

managed and adequately f e r t i l i z e d s o i l s are I n t r i n s i c a l l y more productive than 

the s o i l s of the o r i g i n a l n a t u r a l environment. 

High crop y i e l d s , i f they are t o be maintained, r e q u i r e the a p p l i c a t i o n o f 

f e r t i l i z e r s but t h e i r use i s only economically e f f e c t i v e i f they are the r i g h t 

k i n d f o r t h a t s o i l and the r i g h t farming p r a c t i c e s are adopted, at the same time 

and i f the crops grown are s u i t e d t o the s o i l and the environment. Advances 

r e a l i z e d elsewhere can only be t r a n s f e r r e d t o new s i t e s when the s o i l p r o p e r t i e s 

have been determined. S o i l surveys on small scales f o r l a r g e areas are needed 

i n planning the s t r a t e g y of development and on l a r g e r scales f o r o p e r a t i o n a l 

planning on selected s i t e s . The S o i l Map of the World a t a scale of 1:5,000,000, 

j o i n t l y promoted by FAO and Unesco, aims a t pooling the knowledge of the world's 

s o i l s c i e n t i s t s t o produce t h i s s t r a t e g i c map; not the l e a s t of the t e c h n i c a l 

problems Involved i n i t s p r e p a r a t i o n are the c o r r e l a t i o n of analogous s o i l types 

i n widely separated regions and the i n t e r p r e t a t i o n of t h e i r a g r i c u l t u r a l a f ­

f i n i t i e s . 

4 . Steady states and htufian use 

Under n a t u r a l c o n d i t i o n s a r e l a t i v e steady s t a t e develops i n ecosystems. 

Energy flows through the system i n one-way paths, but i s u t i l i z e d t o perform the 

work e s s e n t i a l t o l i f e a t every l e v e l along a food chain. Water flows through 

i n c y c l i c a l paths from atmosphere t o land t o water bodies and back t o atmosphere. 

N u t r i e n t s flow from s o i l t o p l a n t s t o animals and back t o s o i l and the r e l a t i v e l y 

slow r a t e of loss from g e o l o g i c a l erosion i s balanced by the r a t e at which new. 

n u t r i e n t s enter from rock decomposition, b a c t e r i a l ' production, or by atmospheric 

a d d i t i o n s t o the system. 
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When p r i m i t i v e peoples, i n c l u d i n g those l i v i n g permanently a t a v i l l a g e 

a g r i c u l t u r a l l e v e l , enter such a n a t u r a l ecosystem they may create l i t t l e change 

or d i s r u p t i o n . Part o f the energy, water and^nutrients i s channelled throvigh 

man r a t h e r than throtjgh another species of animal, but the process o f turnover 

continues as people d i e and t h e i r remains enter the s o i l . 

As higher, more mobile, c u l t u r e s engaging i n trade or supporting urban 

centres enter the ecosystem, however, a d i f f e r e n t , e x t r a c t i v e p a t t e r n emerges. 

N u t r i e n t s are removed and not returned t o the s o i l t h a t y i e l d e d them o r i g i n a l l y . 

The steady-state c o n d i t i o n i s d i s r u p t e d and f e r t i l i t y can become exhausted. The 

process i s accelerated i f widespread d e s t r u c t i o n of n a t u r a l v e g e t a t i o n , acceler­

ated s o i l e r o s i o n , or l a t e r i z a t i o n enters the p i c t i o r e . An ecosystem can go, as 

some have gone, from a high l e v e l o f p r o d u c t i v i t y t o one near zero. Examples of 

such change may be r e a d i l y observed i n Mexico i n the h i l l s n o r t h of the V a l l e y of 

•Mexico where lands described byvAlexander von Humboldt as b e a u t i f u l pin-oak 

f o r e s t s are now barren hardpan, or i n the V a l l e y of Oaxaco where red, g u l l i e d 

badlands have replaced the productive scene described by Cortes. 

R a t i o n a l use demands a balance between e x t r a c t i o n and r e t u r n . F e r t i l i z e r s 

and organic m a t e r i a l s must be re t u r n e d t o the s o i l t o balance those removed by 

crops or shipped out i n the form o f domestic l i v e s t o c k . E f f o r t s must be made t o 

d u p l i c a t e or Improve upon the s o i l - f o r m i n g and s o i l - m a i n t a i n i n g f u n c t i o n of the 

n a t u r a l v e g e t a t i o n t o keep channels o f n u t r i e n t flow and water movement open. 

Cover, e i t h e r n a t u r a l or a r t i f i c i a l must be provided t o check d i r e c t s o i l l o ss 

through erosion. P a r t i c u l a r l y unstable s i t e s must be kept under n a t u r a l vegeta­

t i o n t o maintain the hydrolo g i c cycle w i t h i n the r e g i o n . I f these t h i n g s are 

done, as they have been s u c c e s s f u l l y i n some areas of the worl d , ecosystems can 

be used t o produce commodities u s e f u l t o man on a permanent b a s i s . 

68 



5' Nutritional needs 

This report has emphasized e a r l i e r that a central world problem i s food, 

and considerable effort i s being expended to increase world food supplies. I t 

i s e s s e n t i a l to bear i n mind, however, that man's n u t r i t i o n a l needs are not 

simple and even a large increase i n a few, kinds of food crops may not s a t i s f y 

"them. 

a. Caloric needs 

Nutritional needs are of two categories. F i r s t i s the r e l a t i v e l y simple 

problem of meeting c a l o r i c needs, of providing food energy at a l e v e l of 2,000 

or more ca l o r i e s per day, to keep body metabolism functioning and maintain l i f e . 

Such needs can be met by food supplies of a carbohydrate nature which can be pro­

duced under a wide range of ecological conditions. Root crops such as the taro 

and yams of t r o p i c a l regions as well as the cereal grains can supply t h i s neces­

sary energy. Nevertheless, food supplies measured only in sheer q.uantity of . 

c a l o r i c usefulness, remain inadequate i n many parts of the world and a report on 

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

mately h a l f the world's people are underfed, i l l - f e d or both. 

b. Nutritional quality 

Beyond the simple quantitative food needs, the n u t r i t i o n a l requirements of 

man include proteins, some fatty acids, minerals and vitamins. Foods t-hat can 

supply energy may not have s u f f i c i e n t n u t r i t i o n a l quality to maintain growth, 

health or strength. Protein-deficiency disorders, resulting in i l l n e s s and de­

creased v i t a l i t y have long been widespread in most t r o p i c a l areas. Meat, milk, 

eggs, f i s h , or high-protein vegetable crops are required to meet human require­

ments for protein. These are most d i f f i c u l t to produce i n quantity on leached 

and m.inerally imbalanced t r o p i c a l s o i l s . Beyond c a l o r i c and protein needs, the 

provision of adequate supplies of the wide range of minerals and vitamins that 
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man r e q u i r e s i n gr e a t e r and l e s s e r amounts demand s o i l s t h a t are themselves 

m i n e r a l l y r i c h , or t h a t can r e t a i n and supply chemicals provided by f e r t i l i z e r s . 

The areas o f g r e a t e s t human food d e f i c i e n c i e s are o f t e n those t r o p i c a l areas 

most p o o r l y adapted, e c o l o g i c a l l y , t o provide h i g h q u a l i t y human foods, because 

of s o i l d e f i c i e n c i e s and are also the areas i n which h i g h r a t e s of p o p u l a t i o n 

increase seem t o defy e f f o r t s t o improve food s u p p l i e s . 

Over and beyond n u t r i t i o n a l requirements, there i s a f u r t h e r psychological 

need f o r foods t h a t meet the t a s t e s and demands of various human c u l t u r e s . The 

body can be kept a l i v e and p h y s i c a l l y f u n c t i o n i n g on a d i e t t h a t soon, i f not 

immediately, becomes t a s t e l e s s and u n a t t r a c t i v e . People have, and h o p e f u l l y w i l l 

be able t o r e t a i n , food preferences t h a t lead t o demands f o r d i e t s t h a t are va­

r i e d , i n t e r e s t i n g and appealing* Meeting such demands seems at times almost an 

i d l e hope i n areas where t o o many people crowd i n t o too l i t t l e foodrproducing 

land and a l l e f f o r t s are being bent toward p r o v i d i n g a bare minimiom of food t o 

eat. I t i s , however, a goal o f conservation, as an important f a c t o r c o n t r i b u t ­

i n g t o the " q u a l i t y " o f l i v i n g . 

D. STANDING CROP AND PRODUCTIVITY' 

1. Standing crop biomass 

At any p o i n t o f time, any ecosystem w i l l c o n t a i n a t o t a l q u a n t i t y of l i v ­

i n g m a t e r i a l t h a t i s r e f e r r e d t o as the standing crop and u s u a l l y measured i n 

terms o f weight or "biomass". The t o t a l standing crop w i l l vary from one eco­

system t o another depending upon past c o n d i t i o n s f o r growth i n each ecosystem 

and the l o n g e v i t y of t h e organisms t h a t l i v e w i t h i n i t . Generally speaking, a 

f o r e s t made up o f a dense stahd or l o n g - l i v e d t r e e s w i l l have a higher standing 

crop o f p l a n t biomass than w i l l a grassland made up of r e l a t i v e l y s h o r t - l i v e d 

herbaceous p l a n t s . 
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a. V a r i a t i o n s I n biomass 

Gradients i n the standing crop o f v e g e t a t i o n w i l l be found t o correspond 

w i t h g r a d i e n t s i n temperature or r a i n f a l l . There w i l l be a lower standing crop 

i n the c o l d , dry a r c t i c tundra than i n warmer and wett e r biomes. There w i l l be 

a lower standing crop i n an a r i d temperate zone desert than i n a hiuiiid temper-

ate zone area. The complexity and v a r i e t y o f v e g e t a t i o n tends t o vary along the 

same gradients as the standing crop, w i t h g r e a t e r complexity and more species i n 

warm, humid areas than i n e i t h e r cold or dry areas. There are some possible ex-

ceptions, however. The most complex v e g e t a t i o n , w i t h the gr e a t e s t number of spe­

cies i s t o be foiand i n humid t r o p i c a l regions. I t may be, however, t h a t the 

highest standing crop biomass w i l l be found i n r e l a t i v e l y l e ss complex, but long-

l i v e d , humid temperate zone f o r e s t s where i n d i v i d u a l t r e e s reach great s i z e . , We 

know as yet o f no comparative meas\irements of the weight per acre of v e g e t a t i o n 

i n a redwood or d o u g l a s - f i r f o r e s t i n the c o o l , temperate r e g i o n compared w i t h 

t h a t of a humid t r o p i c a l r a i n f o r e s t . 

b. Biomass and a g r i c u l t u r a l production 

Considerable confusion r e s u l t s from equating a h i g h standing crop w i t h a 

high p o t e n t i a l f o r good q u a l i t y a g r i c u l t u r a l production,. Humid temperate zone 

ecosystems w i t h well-developed s o i l s have a h i g h p o t e n t i a l f o r carbohydrate 

production. The standing crop, of^_^trees, shrubs and other woody p l a n t s w i l l 

c o n s t i t u t e a great bulk of carbohydrate m a t e r i a l but a r e l a t i v e l y low percentage 

of p r o t e i n and of many elements e s s e n t i a l f o r a n i m a l . l i f e . The much lower stand­

i n g crop i n a semi-arid grassland w i l l have r e l a t i v e l y much less carbohydrate 

and f a r more p r o t e i n per vihit- o f area, along w i t h a g r e a t e r v a r i e t y of e s s e n t i a l 

minerals.. Those biochemical r e l a t i o n s h i p s are r e f l e c t e d i n animal biomass.' Hu­

mid t r o p i c a l f o r e s t s i n A f r i c a support a great number o f animal species, but the 

t o t a l biomass of animal l i f e per u n i t of area i s re p o r t e d t o be r e l a t i v e l y low. 
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By comparison the d r i e r t r o p i c a l savannas w i l l support fewer species o f animals 

but a much higher animal biomass per u n i t of area. S i m i l a r l y the maximum stand­

i n g crop biomass of w i l d animals i n North America was t o be fotmd i n the dry 

plains.grasslands. The himiid f o r e s t s , w i t h more species o f animals, had a r e l a ­

t i v e l y low animal biomass. 

2. . P r o d u c t i v i t y 

Prom the viewpoint of human use, standing crops are o f l e s s s i g n i f i c a n c e 

than p r o d u c t i v i t y , the r a t e a t which new organic m a t e r i a l i s added t o an eco­

system. There- i s no necessary c o r r e l a t i o n between h i g h standing crop biomass 

o f vegetation.and high p l a n t p r o d u c t i v i t y . , A h e a v i l y cropped pasture may have a 

low standing crop but a much higher r a t e of p r o d u c t i v i t y than an vmgrazed pas­

t u r e w i t h a much higher biomass. 'A mature f o r e s t w i l l be l e s s productive than a 

stand o f fast-growing young t r e e s of a much l e s s e r biomass. P r o d u c t i v i t y u s u a l l y 

v a r i e s w i t h the r a t e a t which organisms are consumed, are harvested, or d i e . Two 

categories o f p r o d u c t i v i t y are recognized, primary p r o d u c t i v i t y , . w h i c h i s the-

r a t e a t which photosynthetic or chemos3nithetlc organisms produce new organic 

m a t e r i a l and secondary p r o d u c t i v i t y , which,is the r a t e a t which consimier organ-

Isms-, mostly animal, convert p l a n t m a t e r i a l s i n t o animal t i s s u e s . 

a. V a r i a t i o n s i n p r o d u c t i v i t y -

.P r o d u c t i v i t y v a r i e s w i t h the l i m i t i n g f a c t o r s i n the environment. I n the 

A r c t i c , c o l d and la c k of moisture l i m i t p l a n t growth d u r i n g much o f the year. 

During a b r i e f growing p e r i o d , p r o d u c t i v i t y may be. high; but the annual mean 

p r o d u c t i v i t y i s low and comparable t o t h a t of deserts. I n des e r t s , water i s 

i l m l t . l n g and i n places a t o x i c excess of s a l t and a l k a l i e x i s t s , so t h a t o v e r a l l 

p r o d u c t i v i t y i s low throiighout the year, although i t may be h i g h f o r a b r i e f pe­

r i o d f o l l o w i n g r a i n . Where water can be supplied and where s o i l s can supply a 

good balance o f n u t r i e n t s , p r o d u c t i v i t y can be expected t o reach h i g h l e v e l s i n 
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desert regions. P r o d u c t i v i t y o f deep, open ocean waters, away from i s l a n d s and 

c o n t i n e n t a l s h e l f s , i s a t a low, d e s e r t - l i k e l e v e l . I n shallow t r o p i c a l waters 

i t may reach i m u s u a l l y h i g h l e v e l s . 

I t i s b e l i e v e d t h a t the highest annual p r o d u c t i v i t y i s t o be foimd i n 

t r o p i c a l r a i n f o r e s t s , where a l l c l i m a t i c f a c t o r s tend t o favour p l a n t growth, 

moisture i s abixndant and only n u t r i e n t s are i n r e l a t i v e l y short supply. The 

complex b i o t a of the r a i n f o r e s t , however, appear t o c i r c u l a t e a v a i l a b l e n u t r i ­

ents r a p i d l y through h i g h l y complex food chains and thus s u s t a i n a high produc­

t i v i t y . As noted e a r l i e r , when the f o r e s t b i o t a i s removed and the s o i l i s l a i d 

bare, p r o d u c t i v i t y r a p i d l y d e c l i n e s . I n temperate regions a g r a d i e n t i n primary 

p r o d u c t i v i t y occurs from deserts through grasslands t o humid f o r e s t s and probably 

reaches £ maximum' i n moist, r e l a t i v e l y warm regions, marshes, e s t u a r i e s and such. 

The g r a d i e n t i n secondary p r o d u c t i v i t y , however, does not appear t o f o l l o w 

t h a t of primary, a t l e a s t among the l a r g e r animals, although a d i f f e r e n t p i c t u r e 

would be found i f a l l smaller animals, decay organisms and s o i l organisms were 

taken i n t o c o n s i d e r a t i o n . These do not c o n t r i b u t e much t o t o t a l biomass, since 

they have short l i f e spans and h i g h turnover r a t e s ; they do, however, c o n t r i ­

bute t o p r o d u c t i v i t y . - For animal l i f e , harvestable by man, however, secondary 

p r o d u c t i v i t y appears t o reach a maximiam i n open woodlands and savannas r a t h e r 

than i n moist f o r e s t s or a r i d deserts. 

b. P r o d u c t i v i t y and complexity 

Secondary p r o d u c t i v i t y appears t p increase w i t h the number of species of 

organisms a v a i l a b l e t o feed upon the v e g e t a t i o n . Each species i s adapted t o oc­

cupy a p a r t i c u l a r e c o l o g i c a l niche. , This i s i t s place i n the environment, d e t e r ­

mined by what i t feeds upon and what feeds upon i t , by-the h a b i t a t i t occupies 

and i t s environmental needs. I n complex v e g e t a t i o n , where the number o f species 

o f p l a n t s i s high and the s i z e , shape and other c h a r a c t e r i s t i c s o f p l a n t s h i g h l y 
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v a r i a b l e , a great number o f niches f o r animals can e x i s t . I f these are f i l l e d 

t h e r e w i l l be a g r e a t e r turnover o f energy from p l a n t s t o animals and a higher 

secondary p r o d u c t i v i t y than where some niches are l e f t open or only p a r t i a l l y 

occupied. The success o f n a t i v e herbivores i n the woodlands and savannas o f 

A f r i c a , i n achieving h i g h r a t e s o f secondary p r o d u c t i v i t y and meat production, 

r e l a t i v e t o t h a t o f one or two species of domestic h e r b i v o r e , i s r e l a t e d d i r e c t l y 

t o the g r e a t e r number' o f niches t h a t these can occupy and the much gr e a t e r v a r i ­

e t y of species o f p l a n t s and p a r t s o f p l a n t s on which they are adapted t o feed. 

I t i s important t o recognize the r e l a t i v e importance o f b t o t i c f a c t o r s i n 

c o n t r o l l i n g p r o d u c t i v i t y i n t h e humid t r o p i c s r e l a t i v e t o temperate, a r i d or 

c o l d r e g i o n s . The nxmiber o f species i n the t r o p i c s i s enormous, w i t h each making 

use of the environment i n a d i f f e r e n t way. The g r e a t e s t percentage o f p l a n t s 

are i n s e c t p o l l i n a t e d and o f t e n each w i l l depend on a d i f f e r e n t species o f i n ­

sect f o r i t s p o l l i n a t i o n , r e p r o d u c t i o n and u l t i m a t e c o n t r i b u t i o n t o p r o d u c t i v i t y . 

Turnover o f n u t r i e n t s from v e g e t a t i o n t o s o i l depends upon t h e existence o f a 

g r e a t v a r i e t y o f consumer,organisms from b i r d s and mammals, throtigh i n s e c t s t o 

s o i l micro-organisms; To a l a r g e degree the community creates i t s own p h y s i c a l 

and b i o t i c environment, the v e g e t a t i o n s h e l t e r i n g the s o i l from d i r e c t s u n l i g h t 

or impact of r a i n , changing temperature and humidity c o n d i t i o n s from canopy t o 

groimd l e v e l , a l t e r i n g r a t e s o f a i r movement and so on. D e s t r u c t i o n o f the com-

mtinity destroys the environment and completely d i s r u p t s t h e complex networks 

needed t o maintain n u t r i e n t f l o w and energy f l o w . I t i s l i t t l e wonder, t h e r e f o r e , 

t h a t such ecosystems i n the humid t r o p i c s ' b r e a k down q u i c k l y when an e f f o r t i s 

made t o convert them t o simple a g r i c u l t u r a l systems. 
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E. STABILITY AND ADAPTABILITY IN ECOSYSTEMS 

1. Complexity and s t a b i l i t y 

Gradients i n complexity and i n p r o d u c t i v i t y appear t o be matched by g r a d i ­

ents i n community s t a b i l i t y . A r c t i c and desert regions not only have fewer spe­

cies and a lower average p r o d u c t i v i t y , but also have wide f l u c t u a t i o n s , normally, 

i n the r e l a t i v e abimdance of species and t h e i r p r o d u c t i v i t y r a t e s . I n some years 

A r c t i c regions may appear t o be v i r t u a l l y devoid of animal l i f e , i n other years 

the tundras teem w i t h animals. I n deserts, r a i n f a l l i s not only low on^the aver-

age, but h i g h l y v a r i a b l e . Following a h i g h r a i n f a l l year p l a n t production may 

be g r e a t , but the excess w i l l disappear as dry years f o l l o w . Plague years of 

r a b b i t s or l o c u s t s , of mice or game b i r d s , .serve t o compare great abundance w i t h 

the normal r e l a t i v e scarcity,. 

I n the humid t r o p i c s , where b i o t i c c o n t r o l s replace c l i m a t i c c o n t r o l s , 

such i n s t a b i l i t y i s v i r t u a l l y unknown. A s l i g h t increase i n a given prey spe­

cies w i l l be removed by the e f f o r t s of any number o f preaators adapted t o feed 

upon i t . A decrease i n abundance i n one predator w i l l have a gap f i l l e d imme­

d i a t e l y by other predators and prey w i l l be kept under c o n t r o l . The d i v e r s i t y 

i n species i n p l a n t s prevents an increase i n the l i s v e l of i n s e c t s , diseases, or 

p a r a s i t e s s p e c i a l i z i n g on one species o f p l a n t . By c o n t r a s t the s i n g l e species 

stands o f trees i n the b o r e a l f o r e s t s o f the s u b - a r c t i c encourage Increases o f 

i n s e c t or disease pests t o proportionfe where they can wipe out large areas,of 

f o r e s t . 

2 . S i m p l i f i c a t i o n and i t s consequence 

Man has Succeeded i n h i s a g r i c u l t u r a l systems thro\agh s i m p l i f i c i a t i o n s of 

n a t u r a l l y e x i s t i n g systems. A n a t u r a l grassland w i l l have a great number o f 

species o f p l a n t s and a r e l a t i v e l y h i g h p r o d u c t i v i t y . Most of the energy and 

n u t r i e n t s , however, w i l l be vinavailable t o man. The same area, cleared of grass 
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and planted t o a s i n g l e species o f cer e a l g r a i n , could have a lower t o t a l pro­

d u c t i v i t y , but the energy and n u t r i e n t s w i l l be harvestable by and u s e f u l t o man. 

Un f o r t u n a t e l y such s i m p l i f i c a t i o n encourages t h e k i n d o f I n s t a b i l i t y c h a r a c t e r i s ­

t i c o f n a t u r a l l y simple ecosystems. Pest organisms, adapted t o the c e r e a l g r a i n 

species, can Increase t o plague p r o p o r t i o n s . Unless some method of c o n t r o l I s 

devised or r e s i s t a n t s t r a i n s o f the g r a i n are developed, t h e crop w i l l be l o s t . 

Recently man has turned I n c r e a s i n g l y t o var i o u s p e s t i c i d e chemicals t o 

provide t h i s c o n t r o l . Such chemicals, however, can serve t o f u r t h e r s i m p l i f y 

the system by not only reducing the pest organism, but also I t s n a t u r a l enemies. 

With the n a t u r a l enemies removed the pest species are o f t e n able t o recover from 

the e f f e c t of p e s t i c i d e s more q u i c k l y and r e t u r n , t o plague p r o p o r t i o n s more rap-

I d l y than p r e v i o u s l y . Further a p p l i c a t i o n s o f p e s t i c i d e s can r e s u l t I n f u r t h e r 

s i m p l i f i c a t i o n . Meanwhile, genetics w i l l have operated t o favour pest organisms 

most r e s i s t a n t t o the p e s t i c i d e . F i n a l l y , an unstable system c o n s i s t i n g of, crop 

p l a n t and i t s c h i e f enemy can r e s u l t , and new p e s t i c i d e s must be sought, each 

capable o f b r i n g i n g new problems. 

Such an e c o l o g i c a l upset can be d i s t u r b i n g i n temperate r e g i o n s , but i t i s 

the r e a l l e v i a t e d by c l i m a t i c c o n t r o l s which operate t o prevent pest i n c r e a s e s . i n 

some years. I n the humid t r o p i c s , where b i o l o g i c a l c o n t r o l s predominate, the i n ­

d i s c r i m i n a t e use o f p e s t i c i d e s can, and probably w i l l i n many places, have d i s a s ­

t r o u s consequences. I n the t r o p i c s , also the p r a c t i c e of monoculture i s most 

l i k e l y t o be permanently i n t r o i j b l e , since i t diverges most g r e a t l y from n a t u r a l 

systems and encourages the emergence o f new pests from the ever present, always 

abundant l i s t o f species of p o t e n t i a l pests, diseases and p a r a s i t e s . The des­

t r u c t i o n of.Costa Rica's banana p l a n t a t i o n s along the Caribbean coast by the 

Panama disease i s an example of what can occur when a new disease s t r i k e s a v u l ­

nerable monoculture. v . ' 

- 76 



5- A d a p t a b i l i t y I n ecosystems > 

a. Recovery from dlstvirbance 

The a b i l i t y o f an ecosystem t o t o l e r a t e human use and t o recuperate from 

human abuse v a r i e s g r e a t l y w i t h c l imate and b i o l o g i c a l f a c t o r s . The recovery of 

commimltles from f i r e serves t o I l l u s t r a t e t h i s . I n humid regions, f o r example, 

n a t v i r a l l y o ccurring f i r e s are r a r e . I n unusual d r y years, f i r e s may burn and 

produce d i s a s t r o u s Immediate r e s u l t s , since the volume of f u e l w i l l be l a r g e . 

Such r e s u l t s , however, are seldom l o n g - l a s t i n g . Following normal pathways of 

succession, f o r e s t s w i l l grow back. I n extremely a r i d regions n a t u r a l l y occur-

r i n g f i r e s are non-existent, since the f u e l t o c a r r y them cannot be produced. 

I n sub-humid and semi-arid regions, f i r e s are most frequent since b o t h f u e l and 

dry c o n d i t i o n s are present. Vegetation recovers from f i r e most q u i c k l y i n the 

areas w i t h the higher r a i n f a l l , deeper s o i l s and gr e a t e r v a r i e t y o f species. I n 

semi-arid regions recovery may be slow and at times may not occur a t a l l . For­

ests growing near the c l i m a t i c l i m i t s o f t h e i r range can be el i m i n a t e d by f i r e 

as has occurred i n C a l i f o r n i a ' s pine f o r e s t growing on the eastern slopes of the' 

S i e r r a Nevada. S i m i l a r l y i n the colder regions of the e a r t h , the e f f e c t s of f i r e 

' are l o n g - l a s t i n g . Tiondra f i r e s i n Alaska and Canada destroy the l i c h e n vegeta­

t i o n and recovery o f t h i s normal climax growth takes many decades, i f i t occvirs 

at a l l . 

b. B i o l o g i c a l versus c l i m a t i c c o n t r o l s 

I t would appear t h a t the system most t o l e r a n t t o disturbance would be foimd 

i n the humid t r o p i c s . This.appears t r u e , however, only when the disturbance i s 

r e l a t i v e l y minor and the normal b i o l o g i c a l networks are not too wi d e l y d i s r u p t e d . 

I n t e r s p e c i f i c dependence i s too great f o r major disturbance t o be t o l e r a t e d . Ma­

j o r disturbances can so completely d i s r u p t the interwoven web of p l a n t and animal 
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food chains, t h a t complete recovery o f t r o p i c a l climax f o r e s t s can be an ex­

tremely slow process. 

Tolerance t o disturbance seems t o be g r e a t e s t i n those areas where c l i m a t i c 

and b i o t i c f a c t o r s operate i n more n e a r l y equal p r o p o r t i o n , the humid and sub-

humid f o r e s t s and grasslands o f the temperate zone. Here grasslands h o l d up best 

and recover most q u i c k l y from grazing pressure; f o r e s t s recover from f i r e or 

c l e a r i n g i n r e l a t i v e l y short periods o f time. A g r i c u l t u r a l s o i l s , w i t h reason­

able care f o r structiare and f e r t i l i t y , h old up under c e n t u r i e s o f crop produc­

t i o n . Where c l i m a t i c c o n t r o l s become more o p e r a t i v e , toward t h e A r c t i c or the 

d e s e r t , d u r a b i l i t y o f ecosystems under human use decreases'. Where b i o t i c con­

t r o l s become more complete, i n the humid t r o p i c s , the d u r a b i l i t y o f ecosystems 

under hxaman use decreases a l s o . I t would appear t h a t the world centres o f c i v i ­

l i z a t i o n and p o p u l a t i o n o f past c e n t u r i e s coincided most c l o s e l y w i t h the dura­

b i l i t y o f ecosystems. More recent increases i n p o p u l a t i o n i n other more, f r a g i l e 

areas, brought about by the import of medical technology and economic.surpluses 

from more durable areas, may be only a temporary phenomenon. They perhaps cannot 

be permanently sustained except as they are supplied by the more durable ecosys­

tems. With our present knowledge, a t l e a s t , t h e re i s scant hope f o r converting 

the s t i l l u n inhabited p o r t i o n s of the e a r t h i n t o areas capable o f supporting h i g h 

d e n s i t i e s o f p o p u l a t i o n . The exception may be those desert areas where the sole 

l i m i t i n g f a c t o r i s water. I f water can be made a v a i l a b l e the c l i m a t i c c o n t r o l s 

over p r o d u c t i v i t y would be overcome. , 

c. Points o f no r e t u r n 

Any ecosystem, even the l e a s t f r a g i l e , can be pushed t o a p o i n t of no r e ­

t u r n . At t h i s p o i n t , l i m i t i n g f a c t o r s become so severely o p e r a t i v e t h a t recovery 

- i n periods acceptable i n a human time scale becomes .impossible. S o i l erosion on 

moiintainsides can go on t o a p o i n t where bedrock i s exposed.- At t h i s p o i n t , o n l y 
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t h e slow processes o f primary succession, operating over c e n t u r i e s or m i l l e n i a 

can once more b u i l d back s o i l and v e g e t a t i o n . Such d e p l e t i o n has occurred i n 

the V a l l e y o f Mexico and on mountain slopes i n Greece, Spain and . I t a l y . L a t e r i -

z a t i o n o f t r o p i c a l s o i l s can only be a r r e s t e d , economically, a t c e r t a i n stages. 

Once a to\igh l a y e r o f l a t e r i t e develops, recovery i s no longer p o s s i b l e . Com-

mxmities can r e p a i r themselves, w i t h moderate p r o t e c t i o n , up t o a c e r t a i n p o i n t . 

Beyond t h a t l e v e l of abuse or disturbance, b i o l o g i c a l r e p a i r becomes, i n human 

terms, an i n t o l e r a b l y slow process. I t i s an important aim of r a t i o n a l use o f 

environments t o prevent areas .from reaching these p o i n t s o f no r e t u r n , 

d. A d a p t a b i l i t y o f animal populations 

Aaimal populations have a p o t e n t i a l of p r o d u c t i v i t y known as t h e i r b i o t i c 

p o t e n t i a l . This e s t a b l i s h e s an absolute maximtmi l e v e l above which they cannot 

be cropped w i t h o u t d e p l e t i o n . R a t i o n a l management of w i l d l i f e or domestic stock 

keeps cropping l e v e l s a t or below the b i o t i c p o t e n t i a l of the species, thus 

guaranteeing a sustained y i e l d . I t i s i r r a t i o n a l t o crop a species t h a t we wish 

t o preserve at a l e v e l above t h a t which i t can s u s t a i n . I t i s e q u a l l y I r r a t i o n a l 

t o f a i l t o crop a species t h a t has become too abundant, or has exceeded the c a r r y ­

i n g capacity.of i t s h a b i t a t . Exceptions e x i s t only where other n a t u r a l processes 

w i l l remove w i t h o u t disturbance t h e surplus t h a t we do not choose t o harvest. 

Thus, serious problems have developed i n some n a t i o n a l parks such as Yellowstone 

i n North America or Tsavo i n Kenya where w i l d herbivores were allpwed t o Increase 

above the l e v e l t h a t t h e i r h a b i t a t could support and where predators, adequate i n 

number t o c o n t r o l the numbers o f herbivores, d i d not occur or had been destroyed. 

4. Commodity production i n the environment 

From the p o i n t o f view of human use, the standing crop i s g e n e r a l l y i t s e l f 

Introduced by man; n e c e s s a r i l y so i n f i e l d a g r i c u l t t i r e , l e s s so i n animal hus­

bandry although the l i v e s t o c k w i l l have been introduced and s t i l l l e s s so i n 
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f o r e s t r y . Food gat h e r i n g from the natioral biome as a way of l i f e i s v i r t u a l l y 

obsolete. The impacts o f f o r e s t r y , animal husbandry and a g r i c u l t u r e on the na­

t u r a l environment c a l l f o r some separate c o n s i d e r a t i o n , 

a. F o r e s t r y 

I t has been estimated t h a t some f o u r thousand m i l l i o n hectares o f the 

earth's surface remain under f o r e s t . Of t h i s area some 40 per cent i s considered 

i n a c c e s s i b l e f o r development although i t may not be immune from d e t e r i o r a t i o n a t 

the hand of man. A f u r t h e r 24 per cent i s not e f f e c t i v e l y e x p l o i t e d although ac­

c e s s i b l e . Only about 15 per cent, some 550 m i l l i o n hectares, i s under some form 

o f f o r e s t management though not always r a t i o n a l l y used. Like food, the consxjmp-

• t i o n o f f o r e s t products, timber, pulp, f u e l and a host of minor commodities, i s 

c l o s e l y r e l a t e d t o the gross na t i o n a l ' product o f the economy and t o the growth 

o f p o p u l a t i o n . Future needs can t h e r e f o r e be p r o j e c t e d and long-term p r o j e c t i o n s 

a r e . p a r t i c u l a r l y necessary.because,of the slow maturation and r e g e n e r a t i o n o f 

- f o r e s t s in'comparison.with, other crops. . ' 

Some degree o f balance between f o r e s t r y and other uses o f the environment 

has been e s t a b l i s h e d i n most developed c o u n t r i e s although the hazards a r i s i n g 

from an i n d u s t r i a l c i v i l i z a t i o n remain; i n developing c o u n t r i e s the e q u i l i b r i u m 

i s i n c r e a s i n g l y precarious and i t i s upon t r o p i c a l f o r e s t s t h a t t h e increased de­

mand w i l l l a r g e l y f a l l , both f o r f o r e s t products and f o r a g r i c u l t u r a l l a n d . As 

has been s a i d , heterogeneity o f species i s a character o f the t r o p i c a l f o r e s t and 

few o f them i n any given area are of commercial value. I t may t h e r e f o r e be more 

economic and less exhaustive of the n a t u r a l resoiirce t o e s t a b l i s h f o r e s t p l a n t a ­

t i o n s , o f t e n o f e x o t i c or f a s t growing species, than t o work over l a r g e r areas 

t h a t can only be p a r t i a l l y u t i l i z e d . I n East A f r i c a i t has been found t h a t w h i l e 

e x o t i c p l a n t a t i o n s may provide an annual increment of more than 20 cubic metres 
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per hectare, the u s e f u l increment I n a n a t u r a l f o r e s t may be only 5 or 4 cubic 

metres. 

The most stable f o r e s t r y system would combine the sustained y i e l d from • 

w e l l managed n a t u r a l f o r e s t stands, p o s s i b l y w i t h a considerable measure of 

s y l v i c u l t u r a l adaptation, a f f o r e s t a t i o n f o r watershed conservation, f o r e s t plan­

t a t i o n s and s h e l t e r b e l t s on a g r i c u l t v i r a l land. The s t r a t e g i c s i t i n g of f o r e s t 

i n d u s t r i e s i s i t s e l f an element i n conservative management and may provide a 

good nucleus f o r human settlement i n new areas. I t i s important t h a t f o r e s t 

p o l i c y should be based on a c a r e f u l i n v e n t o r y and a Just a p p r e c i a t i o n of the 

t o t a l ecology. This w i l l a llow minimal i n t e r f e r e n c e w i t h the n a t u r a l h a b i t a t • 

or the way of l i f e o f indigenous peoples, even where i t depends ,on t r a d i t i o n a l 

systems of s h i f t i n g c u l t i v a t i o n and f o r e s t g r a z i n g . v.- ., 

b. Animal husbandry 

While i n the., e q u a t o r i a l r a i n f o r e s t there are u s u a l l y too few domestic 

animals t o provide a balanced d i e t f o r man, elsewhere l i v e s t o c k n\imbers may be 

so high as t o overtax the grassland on which they s u b s i s t . The frequent s p e c i a l ­

i z a t i o n of p r i m i t i v e a g r i c u l t u r e on the production o f cereals as a stable food ' 

means t h a t l i t t l e f e r t i l e land remains f o r pasture and the l i v e s t o c k best cared 

f o r are the work animals. Poorly nourished f l o c k s and herds y i e l d - l i t t l e and 

are prone t o disease. The conservation of the resource, w h i l e augmenting the 

d e f i c i e n t p r o t e i n f r a c t i o n i n hxmian d i e t s , c a l l s f o r b e t t e r management both of 

pasture and l i v e s t o c k . 

A f i r s t step, towards which considerable progress has already been made, 

i s the c o n t r o l and e r a d i c a t i o n of disease, but i t must be accompanied by a cor­

responding c o n t r o l of l i v e s t o c k niunbers by p r o v i d i n g i n c e n t i v e s arid f a c i l i t i e s 

f o r disposing of surplus stock at m a t u r i t y or f o r f a t t e n i n g o f f the range. Na­

t u r a l pastures g e n e r a l l y e x h i b i t marked seasonal drought and s c a r c i t y of feed 
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which can i n some measiire be countered by p r o v i d i n g water p o i n t s , conserving hay 

or s i l a g e and supplemental feed from crops grown on a g r i c u l t u r a l land. I n c l i ­

mates where g r a i n t h r i v e s b e t t e r than grass the feeding of coarse grains' may be 

economic i f the l i v e s t o c k i n d u s t r y i s s u f f i c i e n t l y organized. The o b j e c t i v e w i l l 

be t o avoid u n d u l a t i n g l e v e l s of n u t r i t i o n i n the l i f e cycle of the animal. 

The improvement of n a t u r a l or d e t e r i o r a t e d pasture w i l l seldom be possible 

u n t i l grazing and stock numbers can be c o n t r o l l e d ; then i t may be economic.to 

apply f e r t i l i z e r s where moisttire i s not d e f i c i e n t , reseed w i t h l o c a l or e x o t i c 

species and c o r r e c t d e f i c i e n c i e s i n ' t r a c e elements. The value o f the improve-

ment i s t o be measured i n the v a r i e t y and s t a b i l i t y of the new ecosystem estab­

l i s h e d , i n r e l a t i o n t o c l i m a t e , f l o r a l composition and the grazing h a b i t s of 

the stock. 

Since, the f i r s t p r i o r i t y i n land use i n developing c o u n t r i e s must u s u a l l y 

be assigned t o food crops, the i n t e g r a t i o n of a g r i c u l t u r e and animal husbandry 

i n p a t t e r n s of mixed farming i s of the g r e a t e s t importance and should enhance 

the p r o d u c t i v i t y of both sectors; by p r o v i d i n g fodder and crop residues f o r 

feed and enhancing the f e r t i l i t y o f the s o i l . With higher a g r i c u l t u r a l y i e l d s 

marginal land, can be r e v e r t e d t o range t o the b e n e f i t of the e n t i r e environment. 

I n a r i d , lands where no a g r i c u l t u r e i s possible w i t h o u t i r r i g a t i o n p a s t o r a l nomad­

ism w i l l continue t o be the best hiAman use of the resource; i t s p r o d u c t i v i t y , can 

be increased and est a b l i s h e d by making fodder reserves and water p o i n t s access­

i b l e t o the nomads and by p r o v i d i n g a ready market f o r t h e i r produce. 

Advances -in animal husbandry i n the developing world c a l l f o r f u r t h e r r e -

search i n t r o p i c a l ecology, the physiology of both the pasture and the animals 

themselves and the breeding of w e l l adapted species of both. The possible devel­

opment of new species o f domestic animals from species t h a t are now w i l d also 

needs f u r t h e r c o n s i d e r a t i o n . 
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c. . A g r i c u l t u r a l crops 

I n b r i n g i n g land under c u l t i v a t i o n man n e c e s s a r i l y d i s r u p t s completely the 

p r e - e x l s t l h g ecosystem and s u b s t i t u t e s another t h a t I s g e n e r a l l y more simple 

and g e n e r a l l y established anew w i t h each succeeding crop. For continued occupa­

t i o n the farming p a t t e r n must nevertheless be s t a b l e and s u f f i c i e n t l y productive 

t o supply h i s needs. Indeed, f o r labour t o be a v a i l a b l e f o r other emplojmients 

each farm f a m i l y must support many other workers; the f r a c t i o n o f t h e popula­

t i o n engaged I n a g r i c u l t u r e I s an e f f e c t i v e measure of the s o p h i s t i c a t i o n and 

d i v e r s i t y of t h e community. 

Farm crops are a l l genetic m o d i f i c a t i o n s o f n a t u r a l l y o c c u r r i n g species; 

the higher y i e l d , r e s i s t a n c e t o pests and disease, or adaptation t o p a r t i c u l a r 

environments o f newly developed v a r i e t i e s are the r e s u l t of f u r t h e r genetic ex­

perimentation. The h i g h p r o d u c t i v i t y of modern a g r i c u l t u r e i n developed coun­

t r i e s depends on t h e i r i n t r o d u c t i o n and the maintenance of the more exacting 

s o i l , moisture, or phytosanitary c o n d i t i o n s t h a t such v a r i e t i e s r e q u i r e . Over 

la r g e areas a s i n g l e crop may be dominant, as i n the temperate corn and wheat 

lands and i n much of the developing world. Higher and more s t a b l e l e v e l s o f • 

p r o d u c t i v i t y are, however, associated w i t h a d i v e r s i t y of crops grown i n r o t a -

t l o n , i n c l u d i n g grass and feed f o r farm animals. I n b i o t i c s t a t u s t h i s may ap­

proximate more ne a r l y t o the o r i g i n a l ecosystem, but nevertheless i t i s a pro-

fovind m o d i f i c a t i o n r e q u i r i n g l a r g e i n p u t s of labour and s o i l n u t r i e n t s and f u r ­

n i s h i n g an output of food and other products t h a t i s withdrawn from the system 

t o support a l a r g e r human community. 

A diverse crop p a t t e r n involves a c a r e f u l l y timed s e r i e s o f operations on 

the land which are o f t e n beyond the capacity of hand or animal labour and p r i m i ­

t i v e t o o l s , farm power and farm equipnent must be adapted t o the task. 
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Some such I n t e n s i f i c a t i o n o f a g r i c u l t u r e i s r e q u i r e d t o support the grow­

i n g populations o f developing c o u n t r i e s and set f r e e labour f o r other occupations. 

New man-made ecosystems must be devised f o r u n f a m i l i a r environments and farmers 

tavight t o f o l l o w new ways. Nor can they put the new methods i n t o p r a c t i c e unless 

a l l the r e q u i r e d i n p u t s are a v a i l a b l e t o them and they have the economic support 

and i n c e n t i v e s t o grow and market l a r g e r harvests than are r e q u i r e d i n subsis­

tence a g r i c u l t u r e . Former r e l a t i o n s h i p s between the community and t h e land, ex­

pressed i n a t r a d i t i o n a l a g r a r i a n s t r u c t u r e , can h a r d l y survive unchanged. T h e i r 

p e r p e t u a t i o n under new pa t t e r n s of production i s l i k e l y t o e n r i c h "t«»e few and r e -

duce the farming p o p u l a t i o n t o a more s e r v i l e s t a t u s w i t h o u t e i t h e r the i n c e n t i v e 

or the freedom o f a c t i o n t o adopt the r e q u i r e d combination of a whole range o f 

new methods and make the best conservative use of the land. 
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V. THE CONSERVATION OP IRREPLACEABLE LIVING RESOURCES 

A. THE LIVING TREASURES OF NATIONS 

Whether they be recognized or not , each n a t i o n has w i t h i n I t s boundaries 

I r r e p l a c e a b l e treas\jres represented by l i v i n g species o f p l a n t s and animals, by 

n a t u r a l environments and by areas o f unusual scenic value. The p r o t e c t i o n o f 

these treasures I s a duty o f each government, t h a t they may be kept a v a i l a b l e t o 

f u t u r e generations o f people w i t h i n t h e n a t i o n and the wo r l d . T h e i r values are 

both immense and i n p a r t Immeasurable. Some of them are described below: 

1. S c i e n t i f i c values 

a. P o t e n t i a l p r a c t i c a l values 

Nobody would question today t h a t the w i l d species of grass from which the 

domesticated wheat was derived was a species of h i g h value t o mankind. I t was 

not p o s s i b l e , however, t o describe the value o f t h i s sjiecies u n t i l we had learned 

t o use i t . I n the 1930's few would have suspected t h a t the bread mould, P e n i c i l -

l l u m , was o f h i g h value. The moth, C a c t o b l a s t l s , was o f n e g l i g i b l e i n t e r e s t un­

t i l i t proved capable o f c o n t r o l l i n g the p r i c k l y pear pest o f A u s t r a l i a . Studies 

o f the eggs o f the sea u r c h i n l e d t o new understandings o f animal development. 

We cannot say what Innate value a p a r t i c u l a r w i l d p l a n t or animal may have. 

We cftn say, however, t h a t t h i s p o t e n t i a l value may be so g r e a t , t h a t we should 

not c a r e l e s s l y allow a species t o become e x t i n c t . Some e x t i n c t i o n s w i l l be i n ­

e v i t a b l e as p a r t o f an e v o l u t i o n a r y process despite our best e f f o r t s , but these 

must be deplored. We could b e n e f i t g r e a t l y from having a v a i l a b l e f o r study l i v ­

i n g specimens o f a l l species t h a t have e x i s t e d i n the past. This b e n e f i t i s 
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denied t o science. There i s , however, no need t o permit e x t i n c t i o n s t o occur 

needlessly. 

b. Value o f I n t a c t communities 

I t i s easy t o catalogue most o f the species o f b i r d s , mammals and other 

v e r t e b r a t e s and l i s t the h a b i t a t s i n which they occur. For many o f these we can 

keep a close watch on i n d i v i d u a l populations and recommend measures needed f o r 

t h e i r w e l f a r e . This i s not t r u e , however, o f the g r e a t e r number o f species o f 

p l a n t s and i n v e r t e b r a t e animals. For these smaller, or l e s s well-known organ­

isms, we can o f f e r l i t t l e i n t h e way of d i r e c t care, management, or p r o t e c t i o n . 

To preserve them we must preserve the n a t u r a l communities, o f which they are a 

p a r t , r e p r e s e n t a t i v e samples of a l l the v a r i o u s n a t u r a l l y occxu'ring ecosystems 

on e a r t h . By p r o v i d i n g p r o t e c t i o n f o r t h e community as a whole, we o f f e r the 

best safegtiard f o r the species t h a t compose i t . Even t h i s w i l l not preserve a l l 

species, but i t i s the best t h a t we can do. 

c. Genetic r e s e r v o i r s 

Each n a t i o n has a share o f the world r e s e r v o i r o f genetic m a t e r i a l . Each 

owes i t t o i t s people and t o the world t o do what i t can,to p r o t e c t t h i s mate­

r i a l . Each species i s i r r e p l a c e a b l e . I t cannot be created anew by man. Each 

may c o n t a i n an organic substance, a genetic combination, or provide an i n s i g h t 

of knowledge t h a t could some day be e s s e n t i a l f o r humsm s u r v i v a l . The impor­

tance o f saving w i l d species, o f preserving n a t u r a l communities, r e s e r v o i r s o f 

genetic m a t e r i a l f o r unknown t h e o r e t i c a l or p r a c t i c a l purposes i n t h e f u t u r e can 

be considered as t h e "insurance p o l i c y " reason f o r conservation. I t i s a safe­

guard against f u t u r e c alamity and an investment I n f u t u r e htmian w e l f a r e . Since 

our knowledge o f the f u n c t i o n i n g o f ovir own a g r i c u l t u r a l systems i s s t i l l l i m ­

i t e d , and our understanding of our present interdependence upon other species i n 
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the biosphere i s fragmentary, we may, throvigh p r o t e c t i n g w i l d species and com-

mvinlties, also be safeguarding against present c a l a m i t i e s . 

d. Understanding e c o l o g i c a l processes 

The understanding of e c o l o g i c a l processes i s very o f t e n obtained by study­

i n g the causes o f a m e l i o r a t i o n or degradation of the environment. But n a t u r a l 

communities have a l s o , however, an Immediate p r a c t i c a l . v a l u e through the c o n t r i ­

b utions they can make t o the understanding of n a t u r a l processes. The various 

land-use systems t h a t we devise .in an e f f o r t t o produce the cominod.ities we need, 

succ'eed or f a i l t o the degree t h a t they can adj u s t t o n a t u r a l processes i n the 

ecosystem. A study of those f a c t o r s t h a t govern s t a b i l i t y or p r o d u c t i v i t y i n 

nat u r a l , systems produces i n f o r m a t i o n t h a t can be used t o govern s t a b i l i t y or 

p r o d u c t i v i t y i n systems modified by man. An example i s o f f e r e d by the studies 

c a r r i e d out i n Eastern and Southern A f r i c a on w i l d mammals which have revealed 

gr e a t e r s t a b i l i t y and more meat production from n a t u r a l b i o l o g i c a l communities 

than can be obtained i f domestic animals are s u b s t i t u t e d f o r the e x i s t i n g mix­

t u r e of w i l d species. 

e. Behavioural studies 

There are many experiments t h a t can be c a r r i e d out and studies t h a t can 

be made on w i l d animal populations t h a t are impossible.with the human species. 

Behavioural studies vinder d i f f e r e n t l e v e l s o f crowding and s o c i a l o r g a n i z a t i o n 

are examples. Prom these i t i s possible t o determine responses and e f f e c t s t h a t 

may be looked f o r i n human populations exposed t o s i m i l a r c o n d i t i o n s . Compara­

t i v e studies of mammalian behaviour, p a r t . i c u l a r l y among the primates, are y i e l d - , 

i n g s i g n i f i c a n t i n f o r m a t i o n t h a t i s .useful t o studies of human behaviour. Many 

forms o f behaviour, once thought t o be s o c i a l l y conditioned among men, are fovjnd 

t o be prevalent among r e l a t e d mammalian species. 
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Prom the vievfpolnt of s c i e n t i f i c value alone, both t h e o r e t i c a l and a p p l i e d 

adequate J u s t i f i c a t i o n can be found f o r major e f f o r t s d i r e c t e d toward the pres­

e r v a t i o n o f w i l d animal species and the communities t h a t support them. 

2 . , Aesthetic,values 

a. Beauty versus u g l i n e s s 

Although i d e a l s may d i f f e r between c u l t u r e s , most people would p r e f e r t o 

l i v e i n an environment t h a t i s a e s t h e t i c a l l y p l e a s i n g , r a t h e r than one t h a t i s 

vigly. Some can f i n d adequate s a t i s f a c t i o n from a t t r a c t i v e l y designed man-made 

environments devoid o f the more obvious forms of non-human l i f e . Others, and 

perhaps the m a j o r i t y , want green p l a n t s and l i v i n g t h i n g s t o g i v e added v a r i e t y 

and a e s t h e t i c appeal t o an environment. Many r e q u i r e some combination o f w i l d 

and tamed nature, and some f i n d most pleasing landscapes from which man i s en­

t i r e l y absent. To provide a e s t h e t i c a l l y s a t i s f a c t o r y environments f o r a l l 

t h e r e f o r e r e q u i r e s planning f o r d i v e r s i t y i n c l u d i n g maintenance o f n a t u r a l scen­

ery and the organisms t h a t compose i t . . 

b. Psychological needs 

I t i s d i f f i c u l t t o p o s t u l a t e the degree t o which man's psychology r e q u i r e s 

some contact w i t h w i l d nature and n a t u r a l landscapes. Man has only r e c e n t l y -be-

gvin t o separate h i m s e l f from a r u r a l environment i n which he was surrounded by 

other l i v i n g c r eatures, w i l d or domesticated. I t i s not pos s i b l e to, know how 

w e l l he w i l l s u r vive p h y s i c a l l y and p s y c h o l o g i c a l l y w i t h o u t more contact w i t h 

open spaces and n a t u r a l t h i n g s than many of our present c i t i e s can provide. I t 

i s obvious t h a t some f e e l a strong p s y c h o l o g i c a l need f o r such contact. The f u ­

t u r e may show t h a t f u l l r e a l i z a t i o n o f an I n d i v i d u a l ' s p s y c h o l o g i c a l p o t e n t i a l s 

depends on such contact. To s a t i s f y the needs o f those who r e q u i r e w i l d country 

would be adequate reason f o r preserving an adequate amount o f n a t u r a l , open spac 
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c. Recreational needs 

Apart from psychological needs, t h e r e i s an obvious d e s i r e among many, i f 

not a l l , urban peoples, t o seek open space f o r outdoor r e c r e a t i o n . A l l o f those 

c o u n t r i e s t h a t provide n a t i o n a l parks or other outdoor r e c r e a t i o n space and have 

t r a n s p o r t a t i o n f a c i l i t i e s by which people, can reach them f i n d these areas crowded 

by c i t y d w e l l e r s who seek the open space and n a t u r a l scenery. The d e s i r e f o r 

outdoor r e c r e a t i o n i s almost viniv e r s a l among people who have r i s e n above a sub­

sistence l e v e l of existence. The space, however, i s most e a s i l y provided before 

the need f o r i t has become acute. Were there no other reason t o preserve n a t u r a l 

areas, t h i s would be s u f f i c i e n t . 

d. C u l t u r a l records 

A l l peoples, save the most p r i m i t i v e , have passed through stages of c u l ­

t u r a l e v o l u t i o n leading t o g r a d u a l l y i n c r e a s i n g separation from n a t u r a l environ­

ments. An understanding and a p p r e c i a t i o n o f a nation's c u l t u r a l past, however, 

can be increased i f the environments t h a t supported the e a r l i e r c u l t u r a l a c t i v i ­

t i e s have been preserved. A c i t y d w e l l e r who has not seen a farm or a domestic 

animal can h a r d l y be expected t o understand the r u r a l h i s t o r y o f h i s people or 

h i s own dependence upon the land. A person who has not experienced w i l d country 

and animal l i f e can ha r d l y fathom the . d i f f i c u l t i e s through which pioneers have 

l i v e d and fashioned the more advanced c u l t \ i r e t o which hft belongs. Thus, i f 

only t o provide an understanding of man's long h i s t o r y and an a p p r e c i a t i o n o f 

c u l t u r a l e v o l u t i o n , i t would be worthwhile t o save some o f the landscapes i n 

which i t took place. P a r t i c u l a r s e t t i n g s o f a w i l d or r u r a l nature o f t e n have 

unusual value t o a c u l t u r e : the mountain on which a s a i n t once l i v e d , the t r e e 

under which a t r e a t y was signed, or a b a t t l e f i e l d where a nation's f a t e was de­

cided. Such.religious or h i s t o r i c a l momiments provide s p e c i f i c backgrounds f o r 

ap p r e c i a t i o n of a nati o n ' s h i s t o r y . The p r e s e r v a t i o n of archaeological s i t e s 
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such as Macchu Pichu I n Peru or Angkor i n Cambodia i s recognized as worthwhile. 

I t i s also d e s i r a b l e t o preserve the n a t u r a l s e t t i n g f o r such c i t i e s or monuments. 

3 . E t h i c a l values -

To some people a l l l i f e i s sacred and must not be destroyed by man. To 

others there i s an e t h i c a l imperative governing man's r e l a t i o n s w i t h nature. 

These have been f a c t o r s leading t o the past p r e s e r v a t i o n o f w i l d species and 

places and t o some are adequate j u s t i f i c a t i o n f o r f u t u r e p r e s e r v a t i o n . 

a. Eastern r e l i g i o n s 

To the f o l l o w e r s o f c e r t a i n Rindu r e l i g i o n s l i f e i s sacred. This b e l i e f 

may be c a r r i e d t o the p o i n t of complete vegetarianism and the avoidance of k i l l ­

i n g 'any form o f animal l i f e . The troublesome "sacred cows" of I n d i a are a r e ­

s u l t o f the p a r t i c u l a r reverence extended t o t h i s animal. On the p o s i t i v e s i d e , 

many w i l d animals t h a t might elsewhere have become e x t i n c t have been preserved. 

The b e l i e f i n the sacredness o f l i f e becomes even more r i g i d l y adhered t o i n 

many forms o f Buddhism and had i t s e f f e c t s upon the p r e s e r v a t i o n of species i n 

many o f th e n a t i o n s o f eastern and south eastern Asia. U n f o r t u n a t e l y , the pro­

t e c t i o n o f f e r e d t o animals seldom extends t o t h e i r h a b i t a t . Since t h e two are 

interdependent, t h e widespread d e s t r u c t i o n of h a b i t a t has l e d t o the serious de­

p l e t i o n o f animal species. Exceptions may be noted, however, i n s i t e s p r o tected 

f o r r e l i g i o u s reasons, temple gardens f o r example. I n such places species have 

been preserved t h a t have elsewhere become e x t i n c t : the Ginkgo t r e e from the 

temple gardens of China and Japan i s an example. 

b. Western r e l i g i o n s 

Reverence f o r non-human l i f e has not been a c h a r a c t e r i s t i c of t h e Western 

r e l i g i o n s , Jewish, Moslem or C h r i s t i a n . A b e l i e f i n man as separate from other 

animals, the o n l y species w i t h a s o u l , may have had some r e l a t i q n s w i t h the wide­

spread abuses against natxire i n Western s o c i e t i e s . There are, however, r e l i g i o v i s 
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leaders and t h e i r f o l l o w e r s among Western r e l i g i o n s t h a t have been i n s p i r e d by a 

b e l i e f i n the. sacredness, or value t o God, of other l i v i n g t h i n g s . Saint Francis 

of A s s l s l i s an e a r l y example among C h r i s t i a n s . A l b e r t Schweitzer, w i t h h i s doc­

t r i n e of "reverence f o r l i f e " i s a recent one. R e l i g i o u s b e l i e f s , such as the 

avoidance of pork by Jews and Moslems, have had some sparing e f f e c t upon w i l d 

creatures. The over-abundant boars of West Pakistan are as much a consequence 

of r e l i g i o u s b e l i e f as are the cows of I n d i a , 

c. Modern philosophies 

Aldo Leopold, a leader i n American conservation thought, has spoken of the 

need f o r development of an " e c o l o g i c a l conscience" and a "land e t h i c " t o govern 

man's r e l a t i o n s h i p w i t h h i s environment. ' I n such an e t h i c one would recognize 

the . r i g h t s of other species i n the way t h a t s o c i a l e t h i c s recognize t h e . r i g h t s 

o f f e l l o w hvmians. The development of e t h i c s toward man's dealings w i t h h i s en­

vironment and of a conscience governing h i s r e l a t i o n s w i t h other species are de­

s i r a b l e goals not yet 'widely achieved. Perhaps an adequate expression i s t o be 

found I n the statement of a N i g e r i a n c h i e f : " l conceive t h a t land belongs t o a 

vast f a m i l y of which many are dead, few are l i v i n g , and countless members are 

s t i l l unborn." I f the consequences of t h i s conception were accepted i n our r e l a ­

t i o n s h i p s w i t h our environment, d e s t r u c t i v e use of land and nature could be 

h a l t e d . 

4. Economic values 

a. D i r e c t commodity use 

N a t u r a l communities and w i l d species have a d i r e c t commodity value i n ad­

d i t i o n t o the non-commodity values t h a t have been p r e v i o u s l y expressed. Thus the 

higher commodity value o f w i l d animals as meat producers, compared t o domestic 

stock, has been demonstrated i n Eastern and Southern A f r i c a . The higher commod­

i t y value of a combination o f w i l d and domestic species has been shown i n the 
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U n i t e d States and A u s t r a l i a , along w i t h other areas. The high commodity value 

of a s i n g l e w i l d species, the saiga antelope, has been shown I n the USSR, along ' 

w i t h the p o s s i b i l i t y f o r domestication demonstrated by the p r e v i o u s l y w i l d eland. 

The f u r trade i s an example of a long e s t a b l i s h e d commercial use f o r w i l d spe­

c i e s , p a r t i c u l a r l y those o c c u r r i n g i n a r c t i c regions where f u r production may be 

a p r i n c i p a l economic use of the l a n d . I v o r y from elephants, musk from musk-deer, 

o i l from whales, plumes from b i r d s - o f - p a r a d i s e are a l l examples o f valued com­

modities produced by w i l d animal l i f e . I n places these may be the most b e n e f i ­

c i a l commodity use t h a t can be made of a p a r t i c u l a r environment. Elsewhere, 

some combination o f w i l d w i t h domestic commodity production may be most d e s i r ­

able. Unf-ortxmately, through ignorance, as i n some p a r t s o f A f r i c a , the higher 

commodity value o f w i l d species i s o f t e n s a c r i f i c e d f o r a lower,' but^more f a m i l ­

i a r value f o r domestic species, 

b. I n d i r e c t economic use 

I n some c o u n t r i e s and i n p o r t i o n s of a l l c o u n t r i e s h i g h economic values 

are d e r i v e d from tourism. Nations w i t h magnificent scenery or w i l d animal 

wealth such as East A f r i c a g a i n s i g n i f i c a n t increments o f n a t i o n a l income from 

i n t e r n a t i o n a l t o u r i s t t r a d e . The value of t h i s trade alone j u s t i f i e s consider­

able n a t i o n a l expenditiires toward the p r o t e c t i o n of those resoiarces t h a t encour­

age i t . The n a t i o n a l parks of Kenya, Uganda and Tanzania are exsunples o f t h i s . 

W i t h i n a n a t i o n the movement o f r e s i d e n t t o u r i s t s serves t o t r a n s f e r wealth from 

urban centres t o r u r a l areas, b e n e f i t i n g l o c a l economies and p e r m i t t i n g the de­

velopment of the services and amenities t h a t the people i n r u r a l areas r e q u i r e 

or d e s i r e . 

W i l d l i f e and f i s h e r i e s resources have h i g h p o t e n t i a l v a l u e , apart from 

t h e i r d i r e c t commodity use, as means f o r p r o v i d i n g r e c r e a t i o n f o r those who wish 

to. hunt or f i s h . I n some c o u n t r i e s these are popular p u r s u i t s and l i k e t o u r i s m 
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can a t t r a c t I n t e r n a t i o n a l sources of•funds f o r t h e i r development or p u r s u i t . 

W i t h i n a n a t i o n sport hunting and f i s h i n g can serve t o t r a n s f e r wealth t o l o c a l 

r u r a l economies f o r the o v e r a l l b e n e f i t of the e n t i r e n a t i o n . 

c. C o n t r i b u t i o n s t o p r o d u c t i v i t y and s t a b i l i t y o f commodity-

producing lands 

Through p r o v i d i n g e c o l o g i c a l d i v e r s i t y , the presence of n a t u r a l areas, 

large or small, can be of b e n e f i t t o lands used p r i m a r i l y f o r crop production. 

For reasons described e a r l i e r , such areas of n a t u r a l v e g e t a t i o n c o n t r i b u t e t o 

the s t a b i l i t y o f watersheds and help t o guarantee sustained flows of u s e f u l wa­

t e r . A v a r i e t y of w i l d species i n an area through the operation of b i o l o g i c a l 

c o n t r o l s can be an a i d t o the prevention of l o c a l outbreaks of pest species. A 

d i v e r s i t y of v e g e t a t i o n i n an area w i l l be less favourable t o the development 

and spread of plague proportions of pest organisms. There i s a need f o r long-

term studies t o compare the sustained p r o d u c t i v i t y of a g r i c u l t u r a l and f o r e s t 

crops between areas w i t h h i g h l y d i v e r s i f i e d land-use and v e g e t a t i o n and areas 

e n t i r e l y cleared and used f o r extensive monocultures. 

B. A CLASSIFICATION OF PROTECTED AREAS 

Once the d e c i s i o n has been made t o p r o t e c t the i r r e p l a c e a b l e elements o f 

landscape and b i o t a , i t i s e s s e n t i a l t o determine a programme f o r conservation 

and management. The programme w i l l vary w i t h the resource being protected and 

the purpose f o r which i t w i l l be protected. Thus a rocky peak, famous -^or i t s 

scenic value, may r e q u i r e no s p e c i f i c conservation or management measures save 

prevention of quarrying or development and perhaps some measures t o pr o t e c t i t s 

v i s i t o r s . An endangered species, on the other hand, may r e q u i r e the maximum de 

gree of l e g a l p r o t e c t i o n along w i t h a programme of h a b i t a t r e s t o r a t i o n . Some 

resources, f o r some purposes, are best protected by reserves or parks. Others 

need only a degree of reasonable l e g a l p r o t e c t i o n t o prevent o v e r - e x p l o i t a t i o n . 
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I n t h e . f o l l o w i n g p r e s e n t a t i o n , resources r e q u i r i n g the s t r i c t e s t p r o t e c t i o n w i l l 

be considered f i r s t : 

1. N a t u r a l areas 

N a t u r a l areas Include those completely or r e l a t i v e l y undisturbed by man i n 

the sense of wilderness or p r i m i t i v e areas and also areas .in sub-climax, d l s c l i -

max, or successional stages representing communities created by var i o u s l e v e l s 

of disturbance. Thus i t may be d e s i r a b l e i n some areas t o preserve, f o r example, 
1 

a climax broadleaf, deciduous f o r e s t ; an area of sub-climax pine f o r e s t created 

i n the past by widespread f i r e , h u r r i c a n e , or other disturbance; a meadow stage 

and a shrub stage of successional v e g e t a t i o n developed on abandoned farm land. 

The p r o t e c t i o n o f the f i r s t would r e q u i r e complete freedom from disturbance, f o r 

the others i t would r e q u i r e maintenance of whatever l e v e l of disturbance i s ne­

cessary t o guarantee t h e i r p e r p e t u a t i o n , the use of f i r e , land c l e a r i n g , plough­

i n g , e t c . N a t u r a l areas are best protected i n v a r i o u s types of reserves, parks, 

management areas, or p u b l i c f o r e s t s : 

a. S c i e n t i f i c reserves 

( 1 ) S t r i c t n a t u r a l reserves: Purpose: The p r e s e r v a t i o n of representa­

t i v e areas of undisturbed or climax b i o t i c communities f o r s c i e n t i f i c study. 

Disturbance, of a l l kinds w i l l be prevented i n such areas, such as t h a t r e s u l t i n g 

from l o g g i n g , grazing of domestic l i v e s t o c k , h i i n t i n g , f i s h i n g , t o u r i s m , develop­

ment of water resources, commercial or u r b a n - i n d u s t r i a l developnent and a g r i c u l ­

t u r e . S c i e n t i f i c uses w i l l be r e s t r i c t e d t o observations or surveys t h a t r e q u i r e 

no s i g n i f i c a n t disturbance or establishment of permanent i n s t a l l a t i o n s . Educa­

t i o n a l use w i l l be c a r e f u l l y c o n t r o l l e d and of kinds t h a t i n v o l v e no disturbance 

t o the area. A l l uses w i l l be on the basis o f permit. This type o f reserve 

must be subdivided i n t o two cat e g o r i e s : 
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Class A. To be kept f r e e from a l l hvmian i n t e r f e r e n c e other than t h a t des­

c r i b e d above, i n c l u d i n g t h a t associated w i t h f i r e suppression, 

c o n t r o l o f i n s e c t s , or c o n t r o l o f other pathogenic organisms 

Class B. To be protected against f i r e , or other major damage through i n ­

sect or disease organisms i n order t o maintain the k i n d of com­

munity t h a t would develop as a r e s u l t o f such p r o t e c t i v e measures. 

No size l i m i t i s est a b l i s h e d f o r a s t r i c t n a t u r a l reserve. Both the d e s i r ­

able s i z e r e q u i r e d f o r p r o t e c t i o n of the t o t a l community involved i n c l u d i n g a l l 

associated animal species and the boundary c h a r a c t e r i s t i c s needed t o e l i m i n a t e 

undesirable edge e f f e c t s should be determined by competent s c i e n t i f i c a u t h o r i t y . 

A s t r i c t n a t u r a l reserve.may be proclaimed p r i m a r i l y f o r the p r o t e c t i o n of 

endangered species i f the species concerned are those t h a t would b e n e f i t from 

complete p r o t e c t i o n of an undisturbed h a b i t a t . ' I t would not be recommended f o r 

a species t h a t would r e q u i r e h a b i t a t management, predator c o n t r o l or other forms 

of management t h a t would i n v o l v e distxirbance of the reserve. 

(2) S c i e n t i f i c management area: To maintain r e p r e s e n t a t i v e areas o f b i o - . 

t i c commimities, both p r e v i o u s l y undisturbed and successional, f o r the purpose 

of s c i e n t i f i c management and study i n v o l v i n g various l e v e l s of disturbance t o the 

commiinity. A l l kinds of s c i e n t i f i c research would be permitted under the permit, 

i n c l u d i n g those t h a t r e q u i r e disturbance or removal o f v e g e t a t i o n or animal l i f e , 

or the c o n s t r u c t i o n of various i n s t a l l a t i o n s . L i m i t e d educational use would be 

allowed under permit. Other p u b l i c uses would be s p e c i a l exceptions. Compati­

b i l i t y o f v a r y i n g s c i e n t i f i c uses would be determined by the management agency 

under competent s c i e n t i f i c advice. Size and boundaries of the area would be de­

termined from recommendations of competent s c i e n t i s t s . The l o c a t i o n of s c i e n t i ­

f i c management areas adjacent t o or near s t r i c t n a t u r a l reserves w i l l be g e n e r a l l y 

d e s i r a b l e , both t o b u f f e r the reserves and t o provide f o r study of s i m i l a r com­

munities \mder d i f f e r e n t l e v e l s o f disturbance. 
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b. National Parks 

Purpose: The p r e s e r v a t i o n f o r p u b l i c r e c r e a t i o n a l use and enjoyment o f 

n a t u r a l areas representing s i t e s of unusual scenic a t t r a c t i v e n e s s or those w i t h 

unusual or r a r e b i o t i c communities of great p u b l i c I n t e r e s t . To be maintained 

f r e e from disturbance, except f o r those management a c t i v i t i e s . d e t e r m i n e d neces­

sary f o r the maintenance of the d e s i r a b l e scenic or b i o t i c a t t r a c t i o n s and f o r 

those developments necessary f o r p u b l i c use and enjoyment of the area, p r o v i d i n g 

t h a t those developments do not i n t e r f e r e w i t h the p r e s e r v a t i o n of the scenic or 

b i o t i c values o f the park. The park w i l l also accommodate those forms o f scien­

t i f i c and educational use t h a t do not i n t e r f e r e w i t h the p r e s e r v a t i o n of scenic 

or b i o t i c values. Generally speaking a n a t i o n a l park w i l l be an area of l a r g e 

size and unusual q u a l i t y . Size q u a l i f i c a t i o n s recommended by lUCN are 500 hec­

t a r e s minimum i n co u n t r i e s w i t h populations equal t o or exceeding 50 persons t o 

the sq. km,, and 2 ,000'hectares, minimvuii "in'covmtries'with populations less than 

50 persons per sq. km. 'National parks are. t o be d i v i d e d i n t o two c a t e g o r i e s : 

( 1 ) Wilderness parks or zones. Those i n which roads or other f a c i l i t i e s 

f o r mechanized t r a n s p o r t are not developed. Use r e s t r i c t e d t o those w i l l i n g t o 

t r a v e l by f o o t , .domestic animal t r a n s p o r t , or non-mechanized boat. To be main­

t a i n e d as c l o s e l y as possible i n a p r i m i t i v e s t a t e w i t h o u t developed t o u r i s t 

f a c i l i t i e s , other than necessary f o o t t r a i l s and l i g h t l y developed campgrounds. 

(2) T o u r i s t parks or zones. Developed i n accordance w i t h the l i m i t a t i o n s 

described i n paragraph 1 f o r use by t o u r i s t s employing motorized t r a n s p o r t , i n ­

c l u d i n g necessary roads or other t r a n s p o r t a t i o n f a c i l i t i e s . Where already e x i s t ­

i n g i n e s t a b l i s h e d parks, h o t e l s , r e s t a u r a n t s and other t o i i r i s t f a c i l i t i e s are 

pe r m i t t e d ; however, every e f f o r t should be made t o l o c a t e these developments 

oiits.ide o f park boundaries; The type of. development t o be found i n Banff or 

Jasper i n Canada's parks should be avoided i n s i d e boundaries of n a t i o n a l parks. 
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A s i n g l e n a t i o n a l park may be subdivided i n t o two zones, a iwilderness zone 

and a t o u r i s t zone. Generally speaking, where c o n d i t i o n s permit, a n a t i o n a l park 

may surround or a d j o i n a s t r i c t n a t u r a l reserve t o the mutual b e n e f i t o f both 

areas; i t may a d j o i n but u s u a l l y should not surround a s c i e n t i f i c management 

area because of the problems o f r e s t r i c t i n g use i n the l a t t e r area. 

Because o f past ambiguities i n management p r a c t i c e s i n which wilderness 

p r e s e r v a t i o n was.not considered e s s e n t i a l t o n a t i o n a l park p o l i c y , a n a t i o n a l 

park not designated as a wilderness park, or as having wilderness zones, w i l l be 

asstmied t o lack wilderness a t t r i b u t e s . 

c. . Special reserves 

Natxural areas not q u a l i f y i n g f o r i n c l u s i o n i n the system o f s c i e n t i f i c r e ­

serves or n a t i o n a l parks maybe designated as s p e c i a l reserves. These .may be 

created f o r the p r e s e r v a t i o n of r a r e or endangered species where t h i s r e q u i r e s a 

s p e c i a l management incompatible w i t h n a t i o n a l parks or s c i e n t i f i c reseirves, or 

f o r the preservation;i.oif7»';/Mstorically and c u l t u r a l l y valuable s i t e s . Parks not 

la r g e enough or s u f f i c i e n t l y unusual i n character t o q u a l i f y as n a t i o n a l parks 

w i l l also be considered t o f a l l i n t o t h i s category. Special reserves may or 

may not be open f o r p u b l i c r e c r e a t i o n and tourism depending upon the c o m p a t i b i l ­

i t y o f these a c t i v i t i e s w i t h the primary purposes f o r which the reserves are 

es t a b l i s h e d , 

d. Special management areas 

Areas under n a t u r a l v e g e t a t i o n used p r i m a r i l y f o r the purpose o f produc­

t i o n o f commodity resources, but secondarily open t o p t i b l i c r e c r e a t i o n are i n ­

cluded i n t h i s category. The n a t i o n a l f o r e s t s and p u b l i c domain lands o f the 

United States, managed f o r the production of timber, range land, water resources, 

w i l d l i f e f o r hunting and f i s h i n g and p u b l i c r e c r e a t i o n are examples i n t h i s cate­

gory. N a t i o n a l r e c r e a t i o n areas, i n t h e United States, designated as serving a 
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primary p u b l i c r e c r e a t i o n f u n c t i o n , but used a l s o f o r commodity production would 

also be included i n t h i s category. Areas used e x c l u s i v e l y f o r conmiodity produc­

t i o n and w i t h o u t access or development f o r p u b l i c r e c r e a t i o n w i l l not be i n c l u d e d . 

I n land-use planning i t i s d e s i r a b l e t o b u f f e r n a t i o n a l parks and s c i e n t i f i c r e ­

serves w i t h s p e c i a l management areas t o be maintained i n n a t u r a l v e g e t a t i o n , but 

used f o r production o f w i l d - l a n d commodities. This avoids the n e a r l y incompatible 

J u x t a p o s i t i o n o f parks and s c i e n t i f i c reserves w i t h i n t e n s i v e l y developed a g r i ­

c u l t u r a l or u r b a n - i n d u s t r i a l lands. 

Besides the encroachment of c u l t i v a t i o n and other uses upon the n a t u r a l en­

vironment a converse t r e n d may o f t e n be observed i n developed c o u n t r i e s , and per­

haps t o a l e s s extent elsewhere i n the world. Changing s o c i a l and economic v a l -
) 

ues lead t o the,neglect or abandonment of land f o r m e r l y more I n t e n s i v e l y used. 

Examples of t h i s t r e n d may be seen i n some upland pastures o f the B r i t i s h I s l e s 

no longer an economic base f o r animal husbandry i n co m p e t i t i o n w i t h a more i n t e n ­

s i v e farming p a t t e r n , i n the Impoverished h i l l pasture and f o r e s t o f southern 

Eiirope and i n abandoned farm Isinds of the eastern United States. 

Abandonment cannot i n i t s e l f c o n s t i t u t e a c o n s t r u c t i v e measure o f resource 

conservation or r e s t o r e the n a t u r a l h e r i t a g e w i t h i t s s c i e n t i f i c and a e s t h e t i c 

values. While l i m i t e d areas may be sxiltable f o r i n c l u s i o n i n nattu?e reserves 

and parks, i t i s more important t h a t neglect should not be allowed t o d i m i n i s h 

the richness and v a r i e t y of the environment as a whole. R a t i o n a l planning should 

seek t o assign and promote appropriate uses and provide the t r a n s p o r t and other 

f a c i l i t i e s t h a t can make such areas an asset, r a t h e r than a l i a b i l i t y and an eye­

sore. Thus, the r e l a t i v e s c a r c i t y o f meat, m i l k and f o r e s t products i n Mediter­

ranean c o u n t r i e s could be met i n p a r t by b e t t e r management i n the p u b l i c I n t e r e s t 

of neglected upland areas. Well planned non-intensive systems o f p r o d u c t i o n , 

which might w e l l cover the cost o f management, would enhance r a t h e r than d i m i n i s h 
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the e c o l o g i c a l status o f such land as a r e s e r v o i r ' f o r - w i l d . s p e c i e s o f p l a n t s and 

animals and also t h e i r amenity value f o r the human s o c i e t y . 

2. General management of w i l d species 

The ownership o f w i l d l i f e i s h e r e i n assumed t o r e s t w i t h . t h e general p u b l i c . 

This ownership may be delegated by the State t o pr.ivate i n d i v i d u a l s under condi­

t i o n s t o be s p e c i f i e d by the State w i t h f u l l considerations o f the p u b l i c i n t e r ­

es t . The importance of preserving w i l d species outside o f parks'and reserves 

should be g e n e r a l l y recognized. For many species of w i l d l i f e , i n c l u d i n g most mi­

g r a t o r y forms, i t i s impossible t o e s t a b l i s h reserves l a r g e enough t o provide 

complete p r o t e c t i o n . Legal p r o t e c t i o n , w i t h adequate p a t r o l and enforcement, 

must be extended by Government t o these species wherever they occur. Rare or en­

dangered species of w i l d animal and p l a n t l i f e must be extended f u l l p r o t e c t i o n 

at a l l times. Cropping f o r s p o r t , s c i e n t i f i c , or commercial purposes normally 

i s permitted f o r more abmdant species of w i l d l i f e , except i n those parks and 

reserves where such cropping i s incompatible, but t h i s always must be done under 

l i c e n c e or permit from the appropriate government a u t h o r i t y . The l e v e l o f crop­

ping must always be compatible w i t h the p r e s e r v a t i o n of the species and the p r i n ­

c i p l e of sustained y i e l d . I n a d d i t i o n t o s p e c i a l p r o t e c t i o n o f f e r e d t o w i l d a n i ­

mals and r a r e or endangered species, land owners or managers shoul'd be encoioraged 

through educational programmes t o p r o t e c t n a t u r a l h a b i t a t and w i l d species wher­

ever t h i s i s compatible w i t h t h e pr.imary use o f the land. The goal i n o v e r a l l 

land management, of m a i n t a i n i n g d i v e r s i t y , w i l l r e q u i r e p a r t i c u l a r a t t e n t i o n t o 

the p r e s e r v a t i o n of n a t i i r a l open space and w i l d species wherever t h i s i s ecolo­

g i c a l l y and economically f e a s i b l e . 

Special a t t e n t i o n should be g.lven t o the r 6 l e o f n a t u r a l areas and w i l d l i f e 

i n urban areas and areas of I n t e n s i v e commodity production. For many i n h a b i t a n t s 

of these areas, v i s i t s t o w i l d .parks and reserves may seldom be p o s s i b l e . The 
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p s y c h o l o g i c a l and educational b e n e f i t s o f contact w i t h nature and w i l d l i f e can 

only be obtained through an adequate and r e p r e s e n t a t i v e n a t i i r a l area system 

throughout a l l categories o f lands. These urban parks and greenbelts w i l l not 

r e q u i r e n e c e s s a r i l y the s p e c i a l p r o t e c t i o n o f f e r e d t o major parks and reserves. 

The important r e q u i s i t e i s adequate care t o provide open space, n a t u r a l beauty 

and contact w i t h compatible species o f w i l d animal and p l a n t l i f e f o r a l l people 

who d e s i r e or would b e n e f i t from i t . 
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V I . RATIONAL USE OF THE BIOSPHERE 

A. GOALS FOR MANKIND 

There seems l i t t l e disagreement t h a t the s c i e n t i f i c knowledge and tech­

nology developed d u r i n g the Twentieth century hold out a hope f o r mankind t h a t 

was never before j u s t i f i e d . The prospect of meeting the needs o f the e x i s t i n g 

world p o p u l a t i o n f o r food, f i b r e and other e s s e n t i a l s f o r l i v i n g i s b r i g h t e r 

than could have been foreseen a few decades ago. The prospect o f meeting the 

needs of an ever-expanding world p o p u l a t i o n , however, i s as remote as i t ever 

has been. The a v a i l a b i l i t y of s c i e n t i f i c techniques does not guarantee t h e i r 

a p p l i c a t i o n t o human problems. The existence o f a technology capable of pro­

v i d i n g b e n e f i t s t o a l l mankind does not n e c e s s a r i l y imply t h a t i t can or w i l l 

be used t o improve hiiman w e l f a r e . 

I n many areas we see evidence t h a t technology i s lop-sided and out o f 

hand, t h a t u r b a n - i n d u s t r i a l development and the extension o f f a c i l i t i e s t o serve 

u r b a n - i n d u s t r i a l centres i s dest r o y i n g the amenities t h a t make l i v i n g worthwhile, 

and even t h r e a t e n i n g the continued existence o f human l i f e , i n areas of extreme 

po p u l a t i o n congestion. Thus the a i r i n places such as New York C i t y , London, 

Los Angeles, or Tokyo receives such a high l e v e l of p o l l u t a n t s t h a t massive mor­

b i d i t y sind m o r t a l i t y only await the f o r t u i t o u s combination o f meteorological 

events t h a t w i l l prevent normal a i r movement across these c i t i e s . To a s u r p r i s ­

i n g degree we have allowed our technology t o d i c t a t e t h e co n d i t i o n s under which 

we must l i v e , r a t h e r than using i t t o create a b e t t e r environment. To a degree 
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we have allowed our knowledge o f what .is t e c h n o l o g i c a l l y possible t o i n f l u e n c e 

our p r e d i c t i o n s o f what i s economically and s o c i a l l y probable. Thus we hold out 

f a l s e hopes o f p r o s p e r i t y and abundance.- I t i s important t h a t humanity analyse 

i t s goals and d i r e c t i t s means, i t s technology, toward achieving those goals. 

1. Choices f o r the f u t u r e 

We have b a s i c a l l y three choices, or various m o d i f i c a t i o n s o f these, t o 

s e l e c t from. 

a. Minimum subsistence f o r maximum numbers 

We can channel a l l a v a i l a b l e resources and use a l l a v a i l a b l e space t o pro­

v i d e a subsistence existence f o r the maximijm number o f people t h a t the e a r t h can : 

keep a l i v e . A l l o f us would consciously r e j e c t t h i s as a g o a l . I n p r a c t i c e , 

however, humanity i s behaving i n many p a r t s o f the world as though t h i s were i n ­

deed the g o a l . The hundreds o f m i l l i o n s of people i n p a r t s o f L a t i n America, 

A f r i c a and Asia e x i s t i n g a t t h e edge o f famine are evidence enough. The u l t i m a t e 

consequence o f p u r s u i t o f t h i s goal i s the recurrence o f catastrophes. 

b. High m a t e r i a l steMards f o r maximum nvmibers 

We can channel a l l a v a i l a b l e resources and use a l l a v a i l a b l e space t o pro­

v i d e a h i g h maiterlal standard o f l i v i n g f o r the g r e a t e s t number o f people t h a t 

can be accommodated a t such a l e v e l , w i t h d i s r e g a r d o f n a t u r a l values i n favour 

o f an a r t l f l c i a i existence. Although not s t a t e d as a g o a l , t h i s I s a consequence, 

perhaps unforeseen, o f the " r e l i g i o n o f growth" t h a t I s w i d e l y accepted by indus­

t r i a l i z e d , t e c h n o l o g i c a l s o c i e t i e s . I n these, n a t u r a l values are u s u a l l y s a c r i -
i 

f i c e d I n favour o f increased p r o d u c t i o n o f those commodities t h a t enter the 

marKet-place and show up i n i n d i c e s of economic g a i n . The d a l l y l i f e o f a 

middle-class apartment d w e l l e r I n downtown Tokyo or New York coxald exemplify 

the r e l a t i v e l y h i g h m a t e r i a l standard o f l i v i n g , h i g h l e v e l o f consumption o f 

economic goods and almost complete l a c k o f contact w i t h t h i n g s t h a t are not 

102 



man-made, t h a t would, c h a r a c t e r i z e the continued p u r s u i t o f economic g a i n a t t h e 

expense o f n a t u r a l values. 

The r e s u l t s o f continued enphasls upon ever-Increasing commodity produc­

t i o n and p o p u l a t i o n growth at the expense of the n a t u r a l environment are p r e d i c t ­

able: Increasing p o l l u t i o n o f a i r , land and water; d i s r u p t i o n o f n a t u r a l eco­

systems t o the p o i n t where p r o d u c t i v i t y and l i f e i s threatened; a constant war 

t o c o n t r o l pests and plagues; and u l t i m a t e l y perhaps the e v o l u t i o n of a d i f f e r ­

ent type of human being, able t o t o l e r a t e such an existence, along w i t h the e l i m -

i h a t l o n of a l l those who cannot. Continued emphasis on economic growth at the 

expense of n a t u r a l values, along w i t h the i n e q u i t i e s i n d i s t r i b u t i o n o f m a t e r i a l 

goods t h a t appear t o accompany such a p u r s u i t could Increase the p r o b a b i l i t y o f 

i n t e r n a t i o n a l c o n f l i c t through growing competition f o r markets and raw m a t e r i a l s 

t o a degree t h a t the continued existence of mankind would be i n doubt. 

c. Q u a l i t y of l i v i n g f o r optimum numbers 

The human goal t h a t i s i m p l i e d in- the concept of r a t i o n a l use o f the b i o ­

sphere i s one t h a t would seek a combination o f a hi g h m a t e r i a l standard o f l i v ­

i n g w i t h a r e t e n t i o n o f a maximum v a r i e t y of n a t u r a l and man-made environments, 

i n c l u d i n g p r o t e c t i o n o f non-human species and the values of w i l d nature. I n 

such an environment, there would be the r e t e n t i o n o f o p p o r t i i n l t i e s f o r change 

of d i r e c t i o n , f o r the c r e a t i o n o f d i f f e r e n t ways o f l i v i n g , since a l l resources 

would not be channelled or u t i l i z e d and an abundance of l i v i n g space would be 

a v a i l a b l e . Attainment o f t h i s goal would be possible only f o r a human popula­

t i o n h e l d a t a compatible l e v e l , perhaps a l e v e l t h a t could be described as an 

optimum abimdance o f people.. The a c t u a l numbers in v o l v e d i n such an optimum 

po p u l a t i o n cannot be described i n general terms, since they w i l l v a r y w i t h na­

t i o n s , c u l t u r e s and l e v e l s o f technology. From an e c o l o g i c a l p o i n t o f view t h i s 

concept corresponds w i t h t h a t o f an optimum d e n s i t y f o r an animal species, one 
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a t which we seek t o maintain those animals t h a t we manage. From an e c o l o g i c a l 

viewpoint a l s o , t h i s appears t o be the only r e a l i s t i c goal f o r humanity, one i n 

which the s u r v i v a l o f f r e e , p s y c h o l o g i c a l l y whole i n d i v i d u a l s remains p o s s i b l e . 

Indeed^, whether or not i t i s accepted as a g o a l , t h i s o r i e n t a t i o n toward q u a l i t y 

o f l i f e i n place of q u a n t i t y o f people and of economic produ c t i o n i s the only 

chance f o r r e t a i n i n g permanency o f human c i v i l i z a t i o n w i t h f u l l o p p o r t u n i t i e s 

f o r i n d i v i d u a l s t o develop, t h e i r human p o t e n t i a l s . 

2.. O r i e n t a t i o n o f means toward ends 

That our technology and oxir behaviour i s not o r i e n t e d toward acceptable 

goals f o r humanity i s a r e s u l t of numerous f a c t o r s . To a degree i t represents 

a l a c k o f knowledge, a f a i l u r e t o understand the consequences o f our own behav­

i o u r , t o a degree an i n a b i l i t y or u n w i l l i n g n e s s t o look ahead and plan e f f e c t ­

i v e l y f o r the long r u n , and a t times i t represents an un w i l l i n g n e s s o f i n d i v i d ­

u a l s t o concern themselves w i t h the f a t e of t h e i r f e l l o w men or o f f u t u r e genera­

t i o n s , through the d e s i r e t o ga i n wealth or power f o r themselves. 

a. E c o l o g i c a l ignoreince 

E c o l o g i c a l ignorance i s s t i l l widespread. Thus the e f f e c t s o f broad-

spectrum, p e r s i s t e n t , p e s t i c i d e s upon the environment could have been p r e d i c t e d 

by e e o l o g i s t s . The p e s t i c i d e s , however, were developed and t r i e d w i t h o u t ade­

quate e c o l o g i c a l knowledge on the p a r t of the users. T h e i r continued use r e ­

f l e c t s , however, not only e c o l o g i c a l ignorance, but a w i l l i n g n e s s t o s a c r i f i c e 

the w e l f a r e of a l l and t o ignore f u t u r e consequences i n an e f f o r t t o achieve 

short-term gains f o r a few. E c o l o g i c a l ignorance has o f t e n been Involved i n the 

overstocking of semi-arid rangelands, i n the abuse o f watershed cover, i n the 

removal o f • p r o d u c t i v e f o r e s t s , i n the b u i l d i n g o f dams t h a t are never f i l l e d t o 

i r r i g a t e lands t h a t soon go out o f production,, or i n the p o l l u t i o n o f a i r by the 

by-products o f internal-combustion engines. Where t h e ignorance i s overcome, 
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however, the practice may s t i l l continue because of the f a i l u r e to place the wel­

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

b. A failvire to plan 

I n general, the long-term effects of man's a c t i v i t i e s are not adequately 

considered. A f a i l u r e to plan i s s t i l l prevalent. A f a i l u r e to take a l l iden­

t i f i a b l e factors into account i n planning i s more prevalent. The need for con­

sideration of conservation values and of ecological principles in economic-

development planning i s widespread. To a large degree, engineering, economic 

and. p o l i t i c a l considerations enter into such planning as i s done, but seldom i s 

adequate attention, given to ecological factors that w i l l determine the long-

range success or f a i l u r e of a plan. Planning i s often short-range, based oh im­

mediate, economic gains.and l o c a l p o l i t i c a l cycles. Budgets for many government 

agencies must be approved annually. Long-range programmes approved by one l e g i s ­

lature are vetoed i n a few years by the next. P o l i t i c a l expediency demands im­

mediate-results, at any cost to the environment, to J u s t i f y future financing of 

a programme. 'Economists prefer to plan for no more than fi v e years and never 

for more than twenty. To be r a t i o n a l , i n the long run, planning must be long-

range and consider the r e a l i t i e s of the biosphere. Planning.in i t s e l f can mean 

l i t t l e unless effective p o L i t i c a l , economic and s o c i a l means for i t s implementa­

tion are devised. Many Utopian worlds e x i s t i n the l i t e r a t u r e of planning. None 

i s to be found on earth. 

5. The limitations of space 

V/e are now s u f f i c i e n t l y aware of our solar system and the universe to know-

that we dwell on a small planet of a minor star i n a planetary system that i s 

apparently generally inimical to l i f e . Our continued existence depends on our 

a b i l i t y to cope successfully with our population and our environment. We are 

condemned to l i v e on t h i s earth and cannot migrate i n numbers to other planets. 
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We can continue I n ways t h a t must u l t i m a t e l y destroy mankind, or we can ad j u s t 

t o the l i m i t a t i o n s o f our p l a n e t . 

Our predicament i s not u n l i k e t h a t faced by the i n h a b i t a n t s of a small 

i s l a n d , cut o f f from contact w i t h the outer w o r l d . I t was faced by many p r i m i -

t l y e peoples i n the past and most o f them adjusted t o i t w e l l . The discoverers 

of the more remote i s l a n d s o f the e a r t h found commonly t h a t the p r i m i t i v e i s l a n d ­

ers had managed t o maintain moderate numbers o f people i n environments t h a t were 

kept amenable t o man. The impact of advanced c i v i l i z a t i o n s and l a t e r o f the i n ­

d u s t r i a l r e v o l u t i o n completely d i s r u p t e d the ecology on many i s l a n d s and has 

brought some near t o the b r i n k o f d i s a s t e r . R e l a t i v e l y iinchecked r a t e s of popu­

l a t i o n increase, the d e s t r u c t i o n o f n a t u r a l environments and o f t e n t h e i r replace­

ment by a precarious monoculture, have combined t o b r i n g excess human misery t o 

is l a n d s such as Santo Domingo, Reunion and M a u r i t i u s . Whereas the l i m i t s o f the 

environment appeared obvious t o many p r i m i t i v e peoples, modern t e c h n o l o g i c a l so­

c i e t y , w i t h i t s promise o f abundance and i t s too frequent d e l i v e r y o f s u f f e r i n g , 

has shown an i i n w i l l i n g n e s s t o recognize such l i m i t s . I f we cannot n o t i c e the r e ­

l a t i o n between richness of the environment, optimum l e v e l s o f p o p u l a t i o n and hu­

man w e l l - b e i n g i n r e l a t i v e l y simple i s l a n d ecosystems, there seems scant hope 

t h a t we can see i t f o r the planet as a whole. One can suggest only t h a t an i n ­

t e r n a t i o n a l e f f o r t d i r e c t e d toward r a t i o n a l use o f I s l a n d ecosystems might help 

t o p o i n t the way f o r the e a r t h as a whole as w e l l as provide b e t t e r c o n d i t i o n s 

f o r the i s l a n d e r s . 

B. THE LAND-USE SPECTRUM 

I n a l l n a t i o n s a spectrum of land-use e x i s t s , ranging from the most i n t e n ­

s i v e l y used urban or i n d u s t r i a l areas t o the l i g h t l y used w i l d e r lands. A l l 

pa r t s o f t h i s spectrum need c o n s i d e r a t i o n in,land-use planning. No p a r t should 

be developed w i t h o u t c o n s i d e r a t i o n o f the e f f e c t on a l l other p a r t s . I t i s 
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e s s e n t i a l i n the long run t o o b t a i n the highest value, commodity or non-commodity, 

from each area o f land. I t i s e s s e n t i a l t h a t uses be both compatible and capable 

of being sustained. To accomplish t h i s i t i s necessary t o c l a s s i f y lands and wa­

t e r s according t o t h e i r c a p a b i l i t i e s . \#ien t h i s has been done, p r i o r i t i e s must 

be developed f o r use t h a t recognize not only the c a p a b i l i t i e s o f the land, but 

the a d a p t a b i l i t y of the k i n d of use.to the s i t e s t h a t are a v a i l a b l e . High p r i ­

o r i t y must be given t o those uses t h a t are n e c e s s a r i l y f.ixed or l i m i t e d , lower 

p r i o r i t y t o uses t h a t are more f l e x i b l e .in s i t e requirement. There may be only 

one reasonable s i t e choice f o r a harbour development or a n a t i o n a l park, but 

great numbers o f p o t e n t i a l s i t e s f o r highways or housing. 

1. M u l t i p l e use of land 

The concept o f m u l t i p l e use .implies t h a t land may serve more than one use­

f u l f u n c t i o n . A timbered r e g i o n may be growing wood products, producing w i l d l i f e , 

p r o v i d i n g space f o r r e c r e a t i o n , s t a b i l i z i n g s o i l and r e g u l a t i n g water y i e l d at 

the same time. When an area, throx:igh proper management, can serve several func­

t i o n s at the same time. I t may be of b e n e f i t t o s o c i e t y t o have i t do so. How-, 

ever, p r i o r i t i e s i n use must be recognized and r e l a t e d t o the values and c a p a b i l ­

i t i e s of the s i t e . I n c o m p a t i b i l i t y o f some uses must also be recognized. A s i t e 

best adapted t o the growing o f commercial timber would not normally be used sim­

u l t a n e o u s l y t o support i n t e n s i v e g r a z i n g , since the uses are l a r g e l y incompatible. 

The use of an area as a s c i e n t i f i c reserve or wilderness park i s incompatible w i t h 

commodity production or I n t e n s i v e l y developed p u b l i c r e c r e a t i o n . 

The concept of m u l t i p l e use i s more a p p l i c a b l e t o a r e g i o n than t o a p a r t i -

c u l a r s i t e . Since s i t e s w i l l d i f f e r i n t h e i r c a p a b i l i t y the r e g i o n w i l l best be 

used when i t i s serving the many purposes to. which the s i t e s w i t h i n are best 

adapted. A s c i e n t i f i c reserve or wilderness park w i l l o f t e n b e n e f i t i f the s i i r -

rounding lands i n a r e g i o n are developed f o r such uses as p u b l i c outdoor 
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r e c r e a t i o n or commercial timber p r o d u c t i o n , since these uses can provide a b u f f e r 

against other more I n t e n s i v e and Incompatible uses. Use o f an area as a f a c t o r y 

s i t e n e c e s s a r i l y r u l e s out I t s use f o r other purposes. However, I n d u s t r i a l use 

o f an area w i l l b e n e f i t I f the I n d u s t r i a l s i t e s are b u f f e r e d by greenbelts or 

other space use t h a t prevents encroachment of Incompatible neighbouring uses such 

as r e s i d e n t i a l housing. Thus mul t i p l e - u s e concepts are adapted t o the proper 

planning of the development of a r e g i o n , but l i m i t e d i n t h e i r a p p l i c a t i o n t o any 

s p e c i f i c p l o t of land., 

2. Sustained y i e l d 

The concept of sustained y i e l d i s basic t o the management of land and l i v ­

i n g resources. Land should be capable of s u s t a i n i n g the uses t o which i t is- put. 

Uses t h a t are e x t r a c t i v e and cause d e t e r i o r a t i o n of the u s e f u l c a p a c i t y o f the 

s i t e should normally be avoided. The demands placed upon s o i l or b i o t i c resour­

ces must n o t , i n the long r u n , exceed the capacity of the land or b i o t a t o sup­

p l y them. 

For a g r i c u l t u r a l lands sustained y i e l d means the avoidance•of uses t h a t 

cause impairment of t h e i r productive capacity by l o s s of f e r t i l i t y , breakdown o f 

s o i l s t r u c t u r e , or other forms of d e p l e t i o n . For f o r e s t lands, sustained y i e l d 

I m p l i e s management i n such a way t h a t production of f o r e s t products i s c o n t i n u ­

ous. W i l d l i f e populations must be cropped a t l e v e l s t h a t do not exceed the r e ­

productive capacity of the species. Management on the basis o f sustained y i e l d 

i s a p p l i c a b l e t o a l l l i v i n g resources and helps t o guarantee t h e i r continued 

p r o d u c t i v i t y . Determination of the y i e l d 'that can be sustained, which v a r i e s 

from one s i t e t o another, remains f o r many areas an o b j e c t of research. 

3. Land c l a s s i f i c a t i o n -

A f i r s t step toward r a t i o n a l use i s the c l a s s i f i c a t i o n of land and l i v i n g 

resources according t o t h e i r capacity t o s u s t a i n use. The techniques f o r 
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c l a s s i f y i n g land f o r commodity production i n temperate zone areas are now widely 

known and used, although always subject t o Improvement and w i l l not be discussed 

here. I n the t r o p i c s much more research I s needed, before land c l a s s i f i c a t i o n 

techniques can become h i g h l y r e l i a b l e . However, I n land c l a s s i f i c a t i o n , t h e r e 

are c e r t a i n c r i t e r i a which are never normally taken i n t o account and which should 

be given p a r t i c u l a r a t t e n t i o n . For example, two c r i t e r i a should be considered: 

(a) Does the s i t e have any s p e c i a l or unique q u a l i t i e s o f scenery or 

landscape? I f these are outstanding the s i t e should be designated 

f o r uses t h a t w i l l be compatible v;ith p r e s e r v a t i o n o f these q u a l i ­

t i e s , even though the s i t e i s otherwise capable of being used f o r 

more economically p r o f i t a b l e purposes. 

(b) Does the s i t e support a b i o t i c commionity of s p e c i a l i n t e r e s t ? " The 

presence of r a r e , unusual or endangered species, or o f outstanding 

examples o f p l a n t or animal communities w i l l i n d i c a t e t h a t the s i t e 

should be used only f o r purposes t h a t w i l l preserve these s p e c i a l 

b i o t i c q u a l i t i e s . / 

For s i t e s t h a t do not have s p e c i a l q u a l i t i e s of scenery,- landscape or 

b i o t a r e q u i r i n g s p e c i a l measures f o r conservation, the usual l a n d - c a p a b i l i t y 

c r i t e r i a w i l l be considered i n c l a s s i f y i n g i t f o r other uses. These include the 

c l i m a t e , s o i l , geology and hydrology, b i o t a , slope, drainage, s t a b i l i t y under 

use and so f o r t h . C l a s s i f i c a t i o n w i l l s p e c i f y the usefulness o f the s i t e f o r 

sustained a g r i c u l t u r e , p a s t o r a l i s m , f o r e s t r y or other uses and land-use planning 

and c o n t r o l w i l l be based upon t h i s c l a s s i f i c a t i o n . The a g r o - c l i m a t o l o g i c a l sur­

veys t h a t have been conducted i n the Middle East and i n A f r i c a under the leader­

ship o f Unesco, FAO and WMO represent an e f f e c t i v e step toward such land c l a s s i ­

f i c a t i o n f o r commodity production. However, i n o v e r a l l land-use planning the 

f o l l o w i n g a d d i t i o n a l p o i n t needs f u l l c o n s i d e r a t i o n : 
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( c ) The s k i l l s o f landscape design and a r c h i t e c t u r e need f u l l considera­

t i o n i n any plan. The arrangement o f people and land uses should 

favour d i v e r s i t y and beauty i n the environment as w e l l as p r a c t i c a l 

goals. To preserve environmental q u a l i t y the monotonous developanent 

o f uniform uses or r e p e t i t i v e p a t t e r n s need be avoided even a t the 

cost o f commodity values. D i v e r s i t y provided p r i m a r i l y f o r a e s t h e t i c 

purposes w i l l have b e n e f i t s i n hioman welfare and can be expected t o 

pay e c o l o g i c a l dividends i n sustained r e g i o n a l p r o d u c t i v i t y . P a r t i ­

c u l a r a t t e n t i o n need be given i n the design of towns and c i t i e s t o 

the development o f new and d i v e r s i f i e d p a t t e r n s of r e s i d e n t i a l , com­

m e r c i a l , i n d u s t r i a l , t r a n s p o r t a t i o n and r e c r e a t i o n space t o create 

an environment a t t r a c t i v e t o those who must l i v e w i t h i n i t , and t o 

provide d i s t i n c t i o n and i d e n t i t y t o each commimlty. 

4. Water-use p r i n c i p l e s 

The same c r i t e r i a used f o r e s t a b l i s h i n g broad land-use c l a s s i f i c a t i o n and . 

p r i n c i p l e s need also be ap p l i e d t o water. Since water, u n l i k e l a n d , moves 

through ecosystems and a f f e c t s a l l p a r t s o f them, s p e c i a l care must be given t o 

i t s use. I n general, the concepts o f m u l t i p l e use and sustained y i e l d apply as 

w e l l t o watersheds and water production as t o t h e use o f la n d . I n c l a s s i f y i n g 

water areas f o r use, s p e c i a l c o n s i d e r a t i o n should be given t o p r i n c i p l e s t h a t 

are o f t e n , today, ignored: . ' 

(a) Water areas w i t h unusual q u a l i t y f o r scenery, or possessing unique 

b i o t a or h i g h r e c r e a t i o n a l p o t e n t i a l should be considered f i r s t and 

i f p o s sible reserved f o r uses compatible w i t h the r e t e n t i o n o f 

these values. 

(b ) Since water p o l l u t i o n can u l t i m a t e l y destroy the usefulness o f a 

water resource and s e r i o u s l y impair the q u a l i t y or h e a l t h of an 
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e n t i r e environment, every e f f o r t must be made t o avoid excessive 

dependence on waterways f o r waste d i s p o s a l . The development of 

techniques f o r r e c y c l i n g and reusing p o t e n t i a l p o l l u t a n t s needs t o 

be given high p r i o r i t y i n every n a t i o n . The s a n i t i z a t i o n of urban 

sewage f o r u l t i m a t e r e t u r n t o the s o i l r e q u i r e s s p e c i a l a t t e n t i o n 

• i n a l l n a t i o n s . 

( c ) The development of water f o r power, i r r i g a t i o n or other uses through 

constr u c t i o n s of dams and other i n s t a l l a t i o n s needs t o be viewed 

w i t h c o n s i d e r a t i o n of a l l values t o be a f f e c t e d by such development. 

Where such development leads t o serious impairment of environmental 

q u a l i t y , a f u l l e x p l o r a t i o n o f a l t e r n a t e s i t e s f o r development and 

of possible r e l o c a t i o n of the people or f a c i l i t i e s f o r v/hich the 

development i s needed must be undertaken. 

5. Air-use p r i n c i p l e s 

A i r , l i k e water, moves through ecosystems and l i f e depends eq u a l l y upon 

i t s q u a l i t y and p u r i t y . The care of water q u a l i t y and o f a i r q u a l i t y are of 

equal importance. Every e f f o r t must be made t o avoid excessive r e l i a n c e upon 

a i r f o r the d i s p o s a l of waste products created by o x i d a t i o n oi f u e l s or other 

chemical processes., Recycling and reuse of p o t e n t i a l a i r p o l l u t a n t s needs f u l l 

and d e t a i l e d study. Development of t r a n s p o r t a t i o n and i n d u s t r i a l processes t h a t 

do not r e s u l t i n a i r p o l l u t i o n deserves a high p r i o r i t y . C a r e f u l design and 

planning of t r a n s p o r t a t i o n networks and u r b a n - i n d u s t r i a l s i t e s can help minimize 

p o l l u t i o n o f the a i r . 

C. PLANNING AND CONTROL 

Parks, reserves and w i l d species cannot be maintained w i t h o u t adequate a t ­

t e n t i o n t o the o v e r a l l question of land-use and resource planning. Uses must be 

adjusted t o and compatible w i t h the c a p a b i l i t i e s of the land i n a l l areas of any 
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n a t i o n . D e s t r u c t i v e use i n one area w i l l influence, the f u t u r e o f a l l other 

areas. Excessive p o p u l a t i o n pressure on any category o f l a n d , whether i t be a 

n a t i o n a l park or a g r i c u l t u r a l l a n d , w i l l i n the long r u n defeat the purpose f o r 

which the land has been designated. 

1. P r i o r i t i e s f o r use 

I n the past land-use planning has u s u a l l y proceeded by d e s i g n a t i n g f i r s t 

the areas t o be used f o r those purposes w i t h the highest economic value, u s u a l l y 

measured over a short p e r i o d o f time. U r b a n - i n d u s t r i a l use thus normally r e ­

ceived a h i g h p r i o r i t y , whereas other uses were' considered secondary. W i t h i n 

c i t i e s , i n d u s t r i a l , commercial o r - r e s i d e n t i a l use received h i g h p r i o r i t i e s along 

w i t h t r a n s p o r t a t i o n . Future p r i o r i t i e s need take i n t o account a longer-range 

and broader view w i t h f u l l c o n s i d e r a t i o n of e c o l o g i c a l r e a l i t i e s and conserva­

t i o n values. V/ith.such c o n s i d e r a t i o n the areas necessary f o r s c i e n t i f i c reserves, 

-special reserves.-and n a t i o n a l parks would be'given,-the f i r s t p r i o r i t y i n planning, 

since'these a r e . f i x e d resources that'cannot be 'accommodated except on the s i t e s 

t o which they are by nature bound. One cannot create a Grand Canyon N a t i o n a l 

Park wit h o u t a Grand Canyon, nor a Serengeti Park w i t h o u t the p l a i n s and the 

game herds. S.imilarly, i n the planning of c i t i e s , the open spaces, n a t u r a l , 

areas and/gre.enbelts should be designated f i r s t , since these give form and de­

s i g n t o the r e s t o f the c i t y and w i l l determine i n large- degree whether i t w i l l 

be amenable t o human occupancy or t o a degree i n i m i c a l . Admittedly i n estab­

l i s h e d c i t i e s or s e t t l e d lands such p r i o r i t i e s cannot r e a d i l y be asserted. They 

should nevertheless be taken i n t o account i n the guidance of a l l f u t u r e develop­

ment . 

Again, because o f e c o l o g i c a l n e c e s s i t i e s , such as the nature o f t e r r a i n , 

s o i l s and c l i m a t e , the p r o t e c t i o n o f h i g h - q u a l i t y a g r i c u l t u r a l land should r e ­

ceive high p r i o r i t y i n planning, so t h a t unwarranted encroachment f o r incompatible 
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uses, r e s i d e n t i a l , i n d u s t r i a l , t r a n s p o r t , e t c . , can be l i m i t e d and c o n t r o l l e d . 

Highly productive f o r e s t s i t e s , also determined by s o i l , t e r r a i n and c l i m a t e , 

r e q u i r e a s i m i l a r h igh p r i o r i t y i n planning. Uses t h a t are more f l e x i b l e : h i g h ­

way and r a i l r o u t i n g s , l o c a t i o n s of r e s i d e n t i a l areas, c e r t a i n categories o f 

commercial and i n d u s t r i a l s i t e s and the l i k e , should be adapted t o lands not r e ­

qu i r e d f o r ' s p e c i f i c 'and l a r g e l y ^ f i x e d uses, even though immediate, short-term, 

economic r e t u r n s may be g r e a t e r from the more f l e x i b l e uses. 

The i3hanging land-use p a t t e r n i n the developing world must be planned w i t h 

equal care i f the i r r e p l a c e a b l e i n h e r i t a n c e of nature i s not t o be impoverished 

or destroyed i n man's attempt to.deploy'his t e c h n i c a l knowledge t o improve h i s 

m a t e r i a l existence. The growing demand f o r food and other consumer goods r e ­

quires an a g r i c u l t u r a l r e v o l u t i o n t o b r i n g more land under c u l t i v a t i o n and-at 

the same time increase p r o d u c t i v i t y per u n i t area and per head o f the a g r i c u l ­

t u r a l p o p u l a t i o n . Whereas i n developed c o u n t r i e s i t i s at present less urgent 

t o extend the a g r i c u l t u r a l area than t o p r o t e c t the remainder of the environ­

ment, i n developing c o u n t r i e s the environment must be protected while a g r t c u l - • 

t u r a l production i s r a p i d l y increased. 

A g r i c u l t u r a l development must be s e l e c t i v e , f o r e v e r y t h i n g cannot be done 

at once. A l a r g e increase i n production from a r e l a t i v e l y small area of good 

land, t o be obtained by applying a combination of t e c h n i c a l measures and i n p u t s , 

w i l l r e l i e v e the pressure on a much l a r g e r area t h a t would otherwise d e t e r i o ­

r a t e through our e x p l o i t a t i o n and also make i t possible t o continue f o r the time 

being simple and less exhaustive t r a d i t i o n a l p a t t e r n s of land use, or t o p r o t e c t 

less access.ible areas, or areas o f s p e c i a l s c i e n t i f i c or a e s t h e t i c value, from 

f u r t h e r himan i n t e r f e r e n c e . 

I n the more populous co u n t r i e s of Asia i t may be t h a t l i t t l e c u l t i v a b l e 

land or accessible f o r e s t remains unused. The emphasis must t h e r e f o r e be on an 
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improvement i n a g r i c u l t u r a l and f o r e s t r y methods, with.,a d i v e r s i f i c a t i o n and i n ­

t e n s i f i c a t i o n of production i n areas where s t a b l e ecosystems can.be e s t a b l i s h e d . 

I r r i g a t i o n , the use o f f e r t i l i z e r s and the .introduction of b e t t e r v a r i e t i e s of 

crops and breeds of animals w i l l be among the most c o n s t r u c t i v e m o d i f i c a t i o n s , 

together w.ith a prudent a l l o c a t i o n of land t o d i f f e r e n t uses. Elsewhere, as i n 

much of A f r i c a and L a t i n America, the o v e r a l l pressure of man on the land i s le s s 

acute, b ut the same s e l e c t i o n of s i t e s f o r development and changes i n method are 

re q u i r e d t o prevent the d e s t r u c t i v e e x p l o i t a t i o n o f wider and wider areas of the 

n a t u r a l environment t o increase, or even ma i n t a i n , the volume o f production. 

New p a t t e r n s o f land use must be p a r a l l e l e d by changes i n s o c i a l and economic 

organization,' t o provide the i n f r a s t r u c t u r e f o r an. a g r i c u l t i a r a i .industry not 

t i e d t o l o c a l subsistence and t o make a v a i l a b l e t o the a g r i c u l t u r a l p o p u l a t i o n 

the amenities of c i v i l i z a t i o n . 

The I n d i c a t i v e World Plan f o r A g r i c u l t u r a l Developnent, now being-formu­

l a t e d by FAO i n c o l l a b o r a t i o n w i t h the coun t r i e s concerned and w i t h other i n t e r ­

n a t i o n a l agencies, attempts t o q u a n t i f y and e l u c i d a t e the a g r i c u l t u r a l , f o r e s t r y 

and f i s h e r i e s aspects of t h i s urgent problem o f expanding production t o meet the 

reasonable needs o f the r a p i d l y growing and i n c r e a s i n g l y a r t i c u l a t e populations 

o f the developing w o r l d . 

Taking an an a l y s i s o f production, consvmiption and trade i n the perio d 

1961-1965 as a,basis, p r o j e c t i o n s o f the f u t u r e demand are be.ing prepared f o r 

1975 and 1985 which w i l l r e f l e c t , b o t h n u t r i t i o n a l requirements and economic 

growth. Production t a r g e t s and an economic frame w i t h i n which f u t u r e develop­

ment can be accommodated are then formulated f o r these two epochs. The produc­

t i o n t a r g e t s are based on a close study of the p h y s i c a l p o t e n t i a l s f o r increased 

production and on the r a t e - a t which innovations can be introduced and e f f e c t i v e l y 

adopted, a l t e r n a t i v e assumptions being made as' t o the r a t e of p o p u l a t i o n increase 
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and the l e v e l a t which i n t e r n a t i o n a l a i d can be made a v a i l a b l e f o r a g r i c u l t u r a l 

development. 

While the ground work of the Plan i s c l o s e l y l i n k e d w i t h a r a t h e r d e t a i l e d 

a nalysis of p h y s i c a l , economic and s o c i a l f a c t o r s , the p r e s e n t a t i o n w i l l be r e ­

g i o n a l . The .broad regions f o r analysis are the Near East, the Mediterranean 

Basin, A f r i c a south of the Sahara, L a t i n America, Asia and the Far East. I t i s 

intended t h a t p r o v i s i o n a l plans f o r these regions and an i n t e g r a t e d plan f o r the 

world as a whole should be a v a i l a b l e f o r p r e s e n t a t i o n a t the forthcoming World 

Food Congress i n 1968. 

Since the expansion o f a g r i c u l t u r a l production bears so d i r e c t l y on the 

n a t u r a l resources of the developing w o r l d , the f i n d i n g s ana p o l i c i e s proposed i n 

the I n d i c a t i v e World" Plan w i l l be extremely r e l e v a n t t o the conservation of na­

t u r a l environments. As has been said already, a g r i c u l t u r a l development must ne­

c e s s a r i l y be s e l e c t i v e i n i t s use of n a t u r a l resources since both the f e a s i b l e 

r a t e and economic pace of development are l i m i t e d . The plan seeks t o r e l a t e r a ­

t i o n a l development t o the needs of the next two decades; i t w i l l also provide 

a measure of r e q u i r e d environmental changes, both i n the e x p l o i t a t i o n of new 

areas and i n the i n t r o d u c t i o n of new methods. 

2. Survey and i n v e n t o r y 

O v e r a l l a gro-ecological svirveys, land c a p a b i l i t y and use, s o i l , v e g e t a t i o n 

and other resoirrce surveys and mapping, are e s s e n t i a l i n the long run t o sound 

land management planning. New techniques of a e r i a l or s p a c e - s a t e l l i t e surveying 

w i l l e v e n t u a l l y shorten the time and expense involved i n these t a s k s . However, 

these w i l l never e n t i r e l y s u b s t i t u t e f o r the grovind-based siirveys, which need 

t h e r e f o r e be s t a r t e d as e a r l y as possible i n a l l p a r t s o f the world. Knowledge 

of the d i s t r i b u t i o n and abundance of most w i l d animal species must o f t e n be de­

r i v e d from time-consuming, expensive ground surveys. These must both be s t a r t e d 
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e a r l y and maintained permanently, since populations and d i s t r i b u t i o n s change 

r a p i d l y from year t o year. . 

The i n t e r d i s c i p l i n a r y and the i n t e g r a t e d types o f surveys r e c e n t l y c a r r i e d 

out i n d i f f e r e n t c o u n t r i e s are o f p a r t i c u l a r i n t e r e s t here. The method f o r I n t e ­

g r a t e d Resource Surveys r e c e n t l y developed i n A u s t r a l i a and New Cxuinea, a f f o r d 

an e x c e l l e n t example o f such an i n v e n t o r y . Each survey team included a geomor-

p h o l o g i s t , a s o i l s c i e n t i s t and a p l a n t e c o l o g i s t , other s p e c i a l i s t s being i n ­

cluded as r e q u i r e d . Making extensive use of a i r photography and ground t r a n s e c t s , 

the o b j e c t of the survey was t o d i s t i n g u i s h "land \ m i t s " , o f s i m i l a r genesis and 

d e f i n a b l e i n terms of topography, s o i l s , v e g e t a t i o n and c l i m a t e ; and w i t h i n each 

\ i n i t *'land systems" separated by georaorphological or g e o l o g i c a l f a c t o r s i n the 

landscape p a t t e r n . This c l a s s i f i c a t i o n , together w i t h the f i e l d data .collected 

makes i t possible t o assess the e c o l o g i c a l s t a t u s and p o t e n t i a l use o f the en­

vironment i n considerable d e t a i l . The T r a i n i n g Centre f o r I n t e g r a t e d Surveys 

r e c e n t l y e s t a b l i s h e d i n D e l f t , Netherlands, imder Unesco's auspices provides ex-

cellen-^ o p p o r t u n i t i e s f o r t r a i n i n g key personnel i n such methods f o r the develop­

i n g c o u n t r i e s . 

I t f o l l o w s from the above t h a t a f i r s t step toward sound land-use planning 

w i l l i n v o l v e the l o c a t i o n , d e f i n i t i o n and mapping o f the i r r e p l a c e a b l e n a t u r a l 

communities and w i l d species. This w i l l r e q u i r e a programme o f e c o l o g i c a l sur­

veys and i n v e n t o r i e s , which i n themselves could be elaborate and time-consuming, 

and i n the long r u n must be. However, time rxms out f a s t on most world conserva­

t i o n issues. I t i s e s s e n t i a l t o take i n i t i a l steps toward p r e s e r v a t i o n on the 

basis o f incomplete and perhaps i n a c c i i r a t e i n f o r m a t i o n . This may i n v o l v e making 

use o f t h e best-informed l o c a l o p i n i o n combined w i t h quick surveys by q u a l i f i e d 

e x perts. Nations t h a t are p o o r l y s t a f f e d by people w i t h the necessary s k i l l s 

and t r a i n i n g may take adveintage of the f a c i l i t i e s provided by i n t e r n a t i o n a l and 
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e x t r a - n a t i o n a l agencies and combine the s k i l l s o f outside advisers w i t h the f i r s t ­

hand knowledge o f l o c a l people. E a r l y a c t i o n toward p r e s e r v a t i o n I s the essen­

t i a l f i r s t step. I t must be c a r r i e d out w i t h the imderstandlng, however, t h a t 

boundary and l e g a l r e v i s i o n s w i l l f o l l o w a f t e r d e t a i l e d surveys and studies are 

completed. 

3. Planning and c o n t r o l 

I t h^s been stressed t h a t planning f o r r a t i o n a l use I s e s s e n t i a l but be­

comes meaningless v;lthout land-use c o n t r o l s . Planning and c o n t r o l must operate 

l o c a l l y , r e g i o n a l l y , n a t i o n a l l y and t o a degree, i n t e r n a t i o n a l l y . I n so f a r , 

however, as governmental and economic systems w i l l permit, a maximum degree of 

planning and c o n t r o l may be best concentrated at l o c a l l e v e l s i n the hands of 

those most cognizant o f l o c a l c o n d i t i o n s and needs. There i s no g e n e r a l l y ac­

cepted best method f o r i n t e g r a t i n g s o c i a l anA economic considerations w i t h eco­

l o g i c a l requirements f o r .long-term planning. The decisions regarding the land-

use p a t t e r n are the .r e s u l t o f a choice where p o l i t i c a l , economic and s o c i a l con­

s i d e r a t i o n s Intervene.''Planning not only f i x e s o b j e c t i v e s and p r i o r i t i e s but the 

means t o a t t a i n them. Regional and n a t i o n a l review. I n t e g r a t i o n and l e g a l au­

t h o r i t y , however, have g e n e r a l l y been e s s e n t i a l t o prevent l o c a l s p e c i a l i n t e r ­

ests from p r e v a i l i n g aga.lnst the p u b l i c welfare and long-term n a t i o n a l i n t e r e s t s . 
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V I I . ACCOMPLISHING RATIONAL USE AND CONSERVATION 

A f i r s t step toward accomplishing r a t i o n a l use o f the biosphere and conservation 

of i t s resources l i e s i n achieving an awareness of the absolute n e c e s s i t y of mov­

in g toward - t h i s goal among those who are i n p o s i t i o n s of power and a u t h o r i t y . 

The imperative need f o r accomplishing r a t i o n a l use and conservation a r i s e s 

from e x i s t i n g htmian pressure upon the environment. As t h i s pressure increases 

the biosphere w i l l be a f f e c t e d a ccordingly and the problems w i l l grow worse. The 

need f o r food w i l l increase, the needs f o r l i v i n g space w i l l increase and linless 

a p propriate a c t i o n i s taken the q u a l i t y o f the human environment w i l l d e t e r i o r a t e . 

Msmkind. must reconsider i t s goals and o b j e c t i v e s i f an e q u i l i b r i u m i s t o be main­

t a i n e d between human needs and the resources of the biosphere. 

R a t i o n a l use and conservation of the resources of the biosphere must be 

based upon s c i e n t i f i c knowledge. I t i s , t h e r e f o r e , imperative t h a t t h i s know­

ledge be assembled and evaluated so t h a t d e f i c i e n c i e s t h a t s t i l l e x i s t may be 

remedied through f u r t h e r research. To t h i s end i t i s e s s e n t i a l t h a t we examine 

.the nature of the biosphere, i t s s t r u c t u r e and i t s f u n c t i o n and thus determine 

the e c o l o g i c a l basis f o r i t s r a t i o n a l use. I n p a r t i c u l a r , we need g i v e a t t e n t i o n 

t o the follow.ing areas: 

(a) B i o l o g i c a l p r o d u c t i v i t y i n w i l d and tame environments i n c l u d i n g stud­

i e s o f the adaptation of species t o t h e i r environment and t h e i r i n t e r ­

a c t i o n s w i t h . i t . 
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(b) The nattxre of land and s o i l , i n c l u d i n g survey, a n a l y s i s and c l a s s i ­

f i c a t i o n o f s o i l s and landscapes w i t h a view to determining t h e i r 

values and uses. 

( c ) The c h a r a c t e r i s t i c s of aquatic environments and water resources v/ith 

a view t o determining t h e i r a v a i l a b i l i t y , values and uses. 

(d) The ecology o f modern man w i t h a view t o h i s environmental r e q u i r e -

ments. 

I n a co n s i d e r a t i o n o f the s c i e n t i f i c basis f o r r a t i o n a l use o f the resour- • 

ces of the biosphere the problems t h a t have r e s u l t e d from various human p r a c t i c e s 

must be given a t t e n t i o n . These include the disappearance of fauna and f l o r a , the 

d e t e r i o r a t i o n of s o i l s , misuse of water resources and aquatic environments, and 

p o l l u t i o n o f the environment. The human a t t i t u d e s and t r a d i t i o n s t h a t lead t o 

these problems must b e . f u l l y considered. 

Because of the a v a i l a b i l i t y of s c i e n t i f l G knowledge and technology i t i s 

now p o s s i b l e t o analyse the resources of the biosphere and determine ways o f 

achieving t h e i r i n t e g r a t e d u t i l i z a t i o n . The p o t e n t i a l f o r b e t t e r and more r a ­

t i o n a l use t h e r e f o r e emerges. I n p a r t i c u l a r , i t i s important to.consider more 

effect.ive approaches t o accomplish: 

(1) Improvement and increase of y i e l d s i n a g r i c u l t u r e and s y l v i c u l t u r e . 

(2) Conservation and improvement of aquatic environments. 

(3) Control, o f p o l l u t i o n o f a i r , water and land. 

(4) Preservation o f n a t u r a l areas and ecosystems. . 

(5) P r o t e c t i o n o f r a r e or endangered species. 

(6) Management o f w i l d l i f e and i t s h a b i t a t . 

(7) Enhancement o f the a e s t h e t i c q u a l i t y . o f the t o t a l environment. 

(8) Planning f o r I n t e g r a t e d management,of the resources of the environ­

ment t o augment environmental q u a l i t y . 
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To promote the r a t i o n a l use and conservation o f the resources o f the b i o ­

sphere i t w i l l bis necessary t o d e f i n e p r i n c i p a l l i n e s o f a c t i o n a t the n a t i o n a l 

and i n t e r n a t i o n a l l e v e l . These must n e c e s s a r i l y i n c l u d e : 

(1) Survey and i d e n t i f i c a t i o n of the resources o f the biosphere, i n c l u d ­

i n g i n c r e a s i n g support f o r those e f f o r t s already lander way and i n i ­

t i a t i o n o f new programmes. Among those programmes already s t a r t e d 

are: 

( a ) The whole o f the programme o f the Food and A g r i c u l t u r e Organi­

z a t i o n , which aims a t i n c r e a s i n g a g r i c u l t u r a l piroduction on a 

r a t i o n a l basis and assuring sustained y i e l d s . The World Food 

Plan endeavours t o assess and c l a r i f y the a g r i c u l t u r a l , f o r e s ­

t r y and f i s h e r i e s aspects o f the urgent problems o f increased 

production necesseiry i n order t o meet the growing needs o f a 

r a p i d l y expanding w o r l d p o p u l a t i o n . 

( b ) FAO and Unesco have J o i n t l y undertaken an i n v e n t o r y o f the 

s o i l s o f the world through the S o i l Map o f t h e World on the 

scale o f 1:5,000,000. 
( c ) Uneseo has p a r t i c u l a r l y developed m u l t i d i s c i p l i n a r y s tudies o f 

the n a t u r a l environment and i t s p o t e n t i a l resources, p a r t i c u ­

l a r l y i n the a r i d zones; through t h e la^jnching o f t h e I n t e r ­

n a t i o n a l H y d r o l o g i c a l Decade, i t makes an e s s e n t i a l c o n t r i b u ­

t i o n t o the study o f waiter resources. Furthermore, Unesco 

supports the I n t e r n a t i o n a l B i o l o g i c a l Programme and the a c t i v ­

i t i e s o f the I n t e r n a t i o n a l Union f o r the Conservation o f Nature 

and N a t u r a l Resources, 

(d) The I n t e r n a t i o n a l R i o l o g i c a l Programme ( I S P ) , This represents 

a major step toward s c i e n t i f i c i d e n t i f i c a t i o n o f the l i v i n g 
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reso\jrces of the e a r t h and research needed f o r the conserva­

t i o n o f these resources, 

(e ) The I n t e r n a t i o n a l Union f o r Conservation of Nature and Natiaral 

Resources (lUCN). This agency has long been engaged i n pro­

grammes intended t o i d e n t i f y and p r o t e c t i r r e p l a c e a b l e n a t u r a l 

areas and w i l d species. I t c o l l e c t s data and i n f o r m a t i o n and ^ 

acts as a c l e a r i n g house f o r knowledge o f the s t a t u s o f w i l d ­

l i f e , n a t u r a l areas and a c t i v i t i e s r e l a t e d t o them. 

Among programmes t h a t have been proposed f o r i n i t i a t i o n the f o l l o w ­

i n g two may be quoted as examples: 

(a) The establishment o f a T r u s t f o r the World Heritage. This was 

f i r s t c a l l e d , f o r by a Washington Conference on I n t e r n a t i o n a l 

Co-operation h e l d i n 1965- I t would act t o e s t a b l i s h e f f e c t i v e 

p r o t e c t i o n f o r outstanding examples o f n a t u r a l areas, w i l d l i f e 

areas and scenic and c u l t u r a l resotirces throughout the w o r l d , 

i n c l u d i n g such areas as the Grand Canyon, Serengeti P l a i n s , 

Angel P a l l s , Mount Everest and h a b i t a t s occupied by such en­

dangered species as the orang-utan, I n d i a n rhinoceros and 

mountain g o r i l l a . Such a t r u s t would stand f o r and speak f o r 

the p r i n c i p l e o f a paramount i n t e r n a t i o n a l i n t e r e s t I n the 

p r o t e c t i o n o f s i g n i f i c a n t n a t u r a l environments and would work 

i n close co-operation w i t h IBP, lUCN and other I n t e r n a t i o n a l 

agencies I n e s t a b l i s h i n g e f f e c t i v e i d e n t i f i c a t i o n and protec­

t i o n o f such areas. The co-operation o f i n t e r n a t i o n a l agen­

cies and t h e i r member nations i s r e q u i r e d i f such outstanding 

areas are t o be dedicated t o the f u t i i r e enlightenment and en­

joyment o f a l l mankind. 

121 



(b) Demonstration I s l a n d s Programme. The X l t h P a c i f i c Science 

Congress, a t I t s meeting I n Tokyo, Japan, I n I966, urged the 

establishment o f p r o t e c t e d I s l a n d reserves I n the P a c i f i c r e ­

g i o n , t o preserve f o r the f u t u r e a s e r i e s o f unique and undis­

turbed Islands h a b i t a t s . P u l l support f o r t h i s proposal I s 

s t r o n g l y urged because small Islands present e c o l o g i c a l s l t u a -

t l o n s which do not e x i s t on continents and the experience ^ 

gained on continents I s not e a s i l y a p p l i c a b l e t o I s l a n d s . I t « 

I s f u r t h e r virged t h a t an a d d i t i o n a l step be taken by the United 

Nations agencies and t h e i r Member States, the establishment o f 

a demonstration Islands programme. On I s l a n d s t o be selected 

f o r demonstration, a major I n t e r n a t i o n a l programme using a l l 

a v a i l a b l e knowledge and s k i l l s would be I n i t i a t e d t o e s t a b l i s h 

r a t i o n a l use and achieve the highest possible environmental 

q u a l i t y . Such e f f o r t s d i r e c t e d toward Improving I s l a n d e n v l r - , 

onments would provide not only a superior l i f e f o r the I s l a n d 

I n h a b i t a n t s , but would provide models t o show what could be 

accomplished on l a r g e r areas. 

The expendlttire o f I n t e r n a t i o n a l t e c h n i c a l assistance funds f o r the 

establishment o f such model environments could w e l l produce much 

more meaningful r e s u l t s than an equal expenditure disseminated widely j 

over c o n t i n e n t a l areas. Many such expenditures I n the past have gone ' 
'J 

toward short-term programmes aimed a t a v a r i e t y o f l a i r e l a t e d e n v l r -

onmental problems and development e f f o r t s . An I s l a n d programme could 

provide an o p p o r t u n i t y t o put the best a v a i l a b l e knowledge t o work 

on e c o l o g i c a l l y I n t e g r a t e d areas o f s u f f i c i e n t l y small s i z e t o enable 
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f u l l e v a l u a t i o n and a p p r e c i a t i o n of the r e s u l t s w i t h i n a r e l a t i v e l y -

short period of time. 

Many data necessary t o the r a t i o n a l u t i l i z a t i o n o f resources of the 

biosphere" are s t i l l l a c k i n g . S c i e n t i f i c and t e c h n o l o g i c a l research 

are t h e r e f o r e needed. This research Involves not only the general 

l e v e l of surveys and I d e n t i f i c a t i o n of problems, but the more funda­

mental l e v e l s of s o i l science, f o r e s t r y , range management, w i l d l i f e 

b i o l o g y , p l a n t and animal ecology, human behaviour and other f i e l d s . 

I t should lead, w i t h i n the framework of a programme of a c t i o n f o r 

the development and management of the resources,, t o i n t e r d i s c i p l i n a r y 

and i n t e g r a t e d s t u d i e s . The establishment i n each n a t i o n o f a r e ­

search o r g a n i z a t i o n or organizations o r i e n t e d toward studies r e l a t e d 

t o environmental q u a l i t y i s e s s e n t i a l . Research organizations of 

A u s t r a l i a and New Zealand provide good examples, although a number of 

other nations have eq u a l l y adequate research agencies. 

At the i n t e r n a t i o n a l l e v e l f u r t h e r support f o r those aspects of 

the I n t e r n a t i o n a l B i o l o g i c a l Programme r e l a t e d to-fundamental r e ­

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

United Nations agencies needs continuing.and a d d i t i o n a l support. 

Amongst these could be mentioned the r e g i o n a l a g r o c l i m a t o l o g i c a l 

studies undertaken J o i n t l y by FAO, Unesco and WMO; the a c t i v i t i e s 

of Unesco i n the f i e l d o f n a t u r a l resources research, w i t h the ob­

j e c t of p r o v i d i n g the necessary s c i e n t i f i c basis f o r t h e i r u t i l i z a ­

t i o n ; the studies, c a r r i e d out by WMO on problems of p o l l u t i o n , e t c . 

Other long-term research programmes a t the i n t e r n a t i o n a l l e v e l w i l l 

be r e q u i r e d . Inter-agency co-operation w i l l be e s s e n t i a l f o r the 

success of these e f f o r t s . 
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One of the most important steps t o be taken i s i n the area o f educa­

t i o n and p u b l i c i t y . Public acceptance of the need f o r a n a t i o n a l 

programme o f r a t i o n a l use and conservation depends upon t h i s . Time 

i s t o o s h o r t t o allow any n a t i o n t o s t a r t i t s educational programme 

only a t a t r a d i t i o n a l school l e v e l and w a i t f o r a new generation o f 

informed c i t i z e n s t o reach matvirity. Instead a major programme f o r 

i n f o r m i n g a d u l t s needs immediate implementation. This w i l l r e q u i r e 

the use o f modern techniques f o r p u b l i c education. Establishment of 

a n a t i o n a l educational t e l e v i s i o n network reaching every town and 

v i l l a g e could perhaps be done f o r less cost than many unwise econo­

mic development programmes t h a t have been attempted. The use o f r a ­

d i o , newspapers and other p r i n t e d m a t e r i a l s needs f u l l e x p l o r a t i o n 

a l s o . 

At the school l e v e l the teaching of the p r i n c i p l e s of r a t i o n a l 

use and" o f improvement o f the q u a l i t y of the environment needs i n t e ­

g r a t i o n w i t h a l l school c u r r i c u l a . The s o c i a l s tudies and n a t u r a l 

sciences provide obvious v e h i c l e s f o r conveying these p r i n c i p l e s . 

Establishment o f c u r r i c u l a i n conservation, as such, i s seldom the 

most usfeful approach, although i n t e g r a t i n g courses and programmes 

t h a t provide a m x i l t i d i s c i p l i n a r y approach t o environmental problems 

are t o be h i g h l y recommended. 

Underlying a l l educational programmes'must be a r e a l i z a t i o n o f 

the need t o i n f o r m ^ a l l c i t i z e n s , now, i n order t o accomplish a c t i o n 

today. The c r i t i c a l nature of world problems r e q u i r e s an i n f o r m a t i o n -

a c t i o n programme equivalent t o t h a t which a n a t i o n can muster i n sup­

p o r t o f a war. Only such a programme ean hope t o a v e r t famine i n 
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those areas where p o p u l a t i o n Increase i s r a p i d l y o u t s t r i p p i n g the 

productive capacity of the land. 

Unfortxmately, a l l of the g o o d w i l l and p u b l i c support i n the 

world can accomplish l i t t l e toward achieving r a t i o n a l use o f the 

environment, unless the t e c h n i c a l s k i l l s and s c i e n t i f i c knowledge 

needed t o c a r r y out the j o b are a v a i l a b l e . Just as c o n s t r u c t i o n of 

a dam r e q u i r e s xhe s k i l l s and knowledge o f engineers, r a t i o n a l use 

of land and b i o t a r e q u i r e s the knowledge and s k i l l s of land-use 

e c o l o g i s t s . Most cou n t r i e s have supplies o f engineering s k i l l s , few 

have e c o l o g i c a l knowledge a v a i l a b l e . 

A programme f o r t r a i n i n g e c o l o g i c a l l y o r i e n t e d t e c h n i c i a n s i n 

every country t o operate i n a l l areas o f planning, land management 

and resource management, i s an immediate e s s e n t i a l . This r e q u i r e s 

establishment o f t e c h n i c a l schools and the review of c u r r i c u l a i n 

e x i s t i n g schools t o guarantee t h a t students are r e c e i v i n g an adequate 

o r i e n t a t i o n i n e c o l o g i c a l p r i n c i p l e s a p p l i c a b l e t o t h e i r r espective 

d i s c i p l i n e s and t o the nature o f the environments i n which they must 

work. 

A programme f o r t r a i n i n g s c i e n t i s t s i n ecology and the v a r i o u s 

d i s c i p l i n e s r e l a t e d t o land and resource use also r e q u i r e s high 

p r i o r i t y and e a r l y implementation. This u n i v e r s i t y - l e v e l t r a i n i n g 

w i l l be n e c e s s a r i l y more r i g o r o u s and time consuming than the t r a i n ­

i n g of t e c h n i c i a n s but i s e q u a l l y urgent i f research i s t o be under­

taken and adequate su p e r v i s i o n i s t o be provided f o r , those a c t i v i t i e s 

concerned w i t h r a t i o n a l use of the environment. 

I n t e r n a t i o n a l organizations should make every e f f o r t t o provide 

t o those nations r e q u i r i n g .immediate assistance teams of e c o l o g i c a l l y 
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t r a i n e d resoiirce s p e c i a l i s t s . These teams can be of assistance I n 

I n i t i a l surveys. I n v e n t o r i e s , a l l o c a t i o n s of p r i o r i t i e s and planning 

e f f o r t s d u r i n g the pe r i o d when l o c a l personnel are being t r a i n e d . 

F i n a l l y i t w i l l be necessary not only t o draw the a t t e n t i o n of coun­

t r i e s t o the absolute necessity f o r them t o develop a n a t i o n a l p o l i c y 

o f r a t i o n a l use and conservation, but also t o a s s i s t them i n t h i s 

t a s k . Development of such a n a t i o n a l p o l i c y w i l l n e c e s s a r i l y pre­

cede i t s widespread implementation. An acceptance a t a n a t i o n a l 

l e v e l o f a goal f o r maximum o p p o r t u n i t y f o r an optimum p o p u l a t i o n , 

an agreement t o avoid the s a c r i f i c e of environmental q u a l i t y , d i v e r ­

s i t y and n a t u r a l values f o r short-term- economic gain.and a commit­

ment t o plan f o r r a t i o n a l use o f the t o t a l environment, would r e p r e ­

sent a major step forward a t t h i s time. 

I n a d d i t i o n t o the f o r m u l a t i o n o f a n a t i o n a l p o l i c y i t i s . e s ­

s e n t i a l t h a t e f f e c t i v e governmental organizations be formed t o imple­

ment the p o l i c y . There are at present many n a t i o n a l parks t h a t e x i s t 

only on paper and laws Intended t o p r o t e c t n a t i o n a l resources t h a t 

have y e t t o be heard by the c i t i z e n s engaged i n resource e x p l o i t a t i o n . 

Conservation o r g a n i z a t i o n s are low i n government h i e r a r c h i e s and lack 

money or power. I t i s necessary, t h e r e f o r e , t o s t r e s s the need f o r 

e f f e c t i v e governmental o r g a n i z a t i o n t o c o n t r o l development and en­

fo r c e the measures needed t o implement r a t i o n a l use. Too o f t e n the 

excuse has been used t h a t a n a t i o n cannot a f f o r d the expense of e f ­

f e c t i v e conservation. A proper e v a l u a t i o n o f the r e s p e c t i v e r S l e s 

o f r a t i o n a l use and economic development w i l l show t h a t no n a t i o n 

can a f f o r d not t o .implement adequate measures f o r r a t i o n a l protec­

t i o n and development o f the environment. I t would be most d e s i r a b l e 
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t h a t , \mder these c o n d i t i o n s , an i n s t i t u t i o n d e a l i n g w i t h Conserva­

t i o n and Development be e s t a b l i s h e d i n the co u n t r i e s a t the highest 

governmental l e v e l w i t h a view t o a d v i s i n g the government regarding 

i t s p o l i c y on n a t i o n a l u t i l i z a t i o n o f n a t u r a l resources. I t should 

ensure t h a t p r o j e c t s r e l a t e d t o n a t i o n a l developnent take i n t o ac­

count the demands o f ecology i n the p r e s e r v a t i o n of resources. I t 

should have s u f f i c i e n t a u t h o r i t y t o permit i t s p o i n t of view t o be 

accepted by those responsible i n the government f o r the administra­

t i v e and l e g a l aspects and t o be able t o i n f l u e n c e t h e i r d e c i s i o n s . 

I t s competence should extend e q u a l l y t o questions o f prospection and 

s c i e n t i f i c i n v e n t o r i e s and t o questions o f p l a n i f i c a t l o n and l e g i s l a ­

t i o n w i t h a view t o promoting the r a t i o n a l u t i l i z a t i o n o f resources 

and t o preserving the q u a l i t y o f the environment. 

Such boards or commissions o f Conservation and Developnent are 

r e q u i r e d i n urban, county, p r o v i n c i a l , s t a t e or r e g i o n a l governments 

as w e l l as a t a n a t i o n a l l e v e l . 

Only an i n t e g r a t i o n o f a c t i o n s such as those described above 

w i l l lead the world toward the r a t i o n a l management o f the land 

areas o f the p l a n e t . The September 1968 Intergovernmental Confer­

ence of Experts on the S c i e n t i f i c Basis f o r R a t i o n a l Use and Con­

s e r v a t i o n o f the Resources o f the Biosphere which i s convened and 

organized by Unesco w i t h the United Nations, the Food and A g r i c u l ­

t u r e Organization of the United Nations and the World Health Organ­

i z a t i o n p a r t i c i p a t i n g , w i l l a l low a f i r s t d e t a i l e d a n a l y s i s of the 

steps t o be taken a t n a t i o n a l and i n t e r n a t i o n a l l e v e l s and e s t a b l i s h 

the basis f o r a long-term a c t i o n i n t h i s domain. 
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