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THE PROSPECTS FOR USING MARKET INCENTIVES FOR 
CONSERVATION OF BIOLOGICAL DIVERSITY 

The p r o b l e m o f m a i n t a i n i n g g e n e t i c d i v e r s i t y , p r e s e r v i n g 
endangered p l a n t s and a n i m a l s , and p r o t e c t i n g s u f f i c i e n t h a b i t a t 
i s b o t h c r i t i c a l and growing. A r g u a b l y , many of t h e l a r g e , 
a e s t h e t i c a l l y a t t r a c t i v e s p e c i e s may b e saved i n zoos, p r e s e r v e s , 
and s a f a r i p a r k s . But t o p r e s e r v e t h e s e s p e c i e s i n t h e w i l d , and 
t o save t h e u n t o l d numbers o f p l a n t s , i n v e r t e b r a t e s and t h e 
s m a l l e r f i s h , amphibians, r e p t i l e s , b i r d s , e t c . — we w i l l need 
t o p r e s e r v e t h e i r h a b i t a t s . 

I n t h e i r e f f o r t s t o stem t h e l o s s o f w i l d l i f e , t h e n a t i o n s o f t h e 
w o r l d have r e l i e d p r i m a r i l y o n t r a d e r e s t r i c t i o n s , p u b l i c l y 
m a i n t a i n e d h a b i t a t , and governmental c o n t r o l o f t h e r a t e o f 
e x p l o i t a t i o n . The r e s u l t s have been mixed at b e s t . I l l e g a l 
t a k i n g and t r a d e have s e v e r e l y t a x e d enforcement r e s o u r c e s , and 
p u b l i c budgets f o r h a b i t a t p r o t e c t i o n have been i n a d e q u a t e t o 
w i t h s t a n d t h e p r e s s o f development. Many o b s e r v e r s are r e s i g n e d 
t o t h e b e l i e f t h a t t h e b e s t t h a t can b e e x p e c t e d from t h e c u r r e n t 
p r e s e r v a t i o n i s t s t r a t e g y i s a postponement o f t h e i n e v i t a b l e 
d e p l e t i o n o f s p e c i e s , h a b i t a t and ecosystems. 

There a r e two i m p o r t a n t a s p e c t s t o t h e l o s s problem. F i r s t t h e 
b u r g e o n i n g i l l i c i t t r a d e i n w i l d l i f e p r o d u c t s (which has 
encouraged o v e r h a r v e s t i n g o f t h e more v a l u a b l e s p e c i e s ) t o g e t h e r 
w i t h t h e p o a c h i n g o f endangered s p e c i e s , even i n t h e most 
p r o t e c t e d p a r k s and p r e s e r v e s , i s r a p i d l y o u t s t r i p p i n g t h e 
f i n a n c i a l r e s o u r c e s o f most T h i r d World (and many developed) 
c o u n t r i e s to cope w i t h t h e problem. S e c o n d l y , and more 
i m p o r t a n t l y , the v a s t m a j o r i t y o f s p e c i e s l o s s e s i s n o l o n g e r due 
t o man's t a k i n g i n t h e w i l d . I n s t e a d , t h e r a p i d growth of 
i n d i g e n o u s p o p u l a t i o n s w i t h t h e i r c o n c o m i t a n t demands f o r food, 
f i b e r , h o u s i n g , and energy, t o g e t h e r w i t h t h e development o f 
n a t u r a l r e s o u r c e s f o r e x p o r t revenues i s e l i m i n a t i n g many w i l d 
p l a c e s a l t o g e t h e r . 1 

1 F o r example, t h e B r a z i l i a n government e s t i m a t e s t h a t between 
1966 and 1975, 3 8 p e r c e n t o f a l l d e f o r e s t a t i o n i n t h e B r a z i l i a n 
Amazon was a t t r i b u t a b l e t o l a r g e - s c a l e c a t t l e r a n c h i n g ( p r i m a r i l y 
f o r e x p o r t ) , 27 p e r c e n t to highway c o n s t r u c t i o n , and 31 p e r c e n t to 
a g r i c u l t u r a l c o l o n i z a t i o n . A t t h e c u r r e n t r a t e o f c l e a r i n g 6 3 
m i l l i o n a c r e s w i l l be l o s t by t h e end o f t h e c e n t u r y . That r a t e 
i s l i k e l y t o i n c r e a s e , however: 60 p e r c e n t of a l l d e f o r e s t a t i o n 

( c o n t i n u e d . . . ) 
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One o f t h e p r i n c i p a l reasons f o r t h e d i s c o u r a g i n g r e s u l t s o f the 
p r e s e r v a t i o n i s t e f f o r t s emanates from t h e s t a t u s o f w i l d l i f e as a 
common p r o p e r t y r e s o u r c e . W i l d l i f e are c o n s i d e r e d t o be i n the 
p u b l i c domain, t o be owned by a l l and hence by none, t o be common 
p r o p e r t y . Common p r o p e r t y s t a t u s f o r w i l d l i f e p u t s almost the 
e n t i r e burden f o r p r e s e r v i n g w i l d l i f e o n t h e p u b l i c s e c t o r . I t 
does n o t h i n g t o m o t i v a t e the s e l f - i n t e r e s t o f i n d i v i d u a l s and 
c r e a t e p r i v a t e i n c e n t i v e s t o husband w i l d l i f e o r p r e s e r v e 
h a b i t a t . 

The u r g e n c y of t h e c u r r e n t c r i s i s has l e d a number of 
c o n s e r v a t i o n i s t s , s c i e n t i s t s , and economists t o argue t h a t u n l e s s 
t h e l i v i n g r e s o u r c e s and h a b i t a t can g e n e r a t e some economic 
b e n e f i t s , i n the l o n g - r u n p r o t e c t i o n i s m w i l l be overwhelmed. The 
p r e s s u r e s f o r development w i l l cause th e w i l d l i f e t o be 
e l i m i n a t e d and much of the h a b i t a t t o be c o n v e r t e d t o farm l a n d , 
g r a z i n g p a s t u r e s , or s i m p l y cut down f o r f u e l and h o u s i n g 
m a t e r i a l s -- at b e s t o n l y c o n v e r t e d to m o n o c u l t u r e woodlots or 
p l a n t a t i o n s . T h i s group has c a l l e d f o r g r e a t e r r e l i a n c e o n 
c o m m e r c i a l i z a t i o n , economic i n c e n t i v e s , and p r i v a t e p r o p e r t y 
r i g h t s t o encourage people t o h a r v e s t w i l d l i f e o n a s u s t a i n e d -
y i e l d b a s i s and t o p r e s e r v e h a b i t a t . 

The use o f market i n c e n t i v e s and p r o p e r t y r i g h t s i s not t h e o n l y 
a pproach t o managing the commons, the p r i n c i p a l non-market 
t e c h n i q u e s b e i n g l i m i t a t i o n s o n f a c t o r s o f p r o d u c t i o n (e.g., 
r e s t r i c t i o n s o n equipment o r o n h a r v e s t i n g methods, l i m i t a t i o n s 
o n season l e n g t h ) and d i r e c t output c o n t r o l s (e.g., h a r v e s t i n g 
quotas) . There are a l s o a number of mixed s t r a t e g i e s : t a x e s , 
r o y a l t i e s , f e e s , l i c e n s e s , and f r a n c h i s e s . These may have more 

1 ( . . . c o n t i n u e d ) 
i n t h e B r a z i l i a n Amazon o c c u r r e d i n t h e t h r e e y e a r s between 1975 
and 1978 ( C a u f i e l d 1985). In s o u t h e r n Kenya, a d j a c e n t t o some of 
t h e l a r g e s t and most imp o r t a n t n a t i o n a l p a r k s , t h e human p o p u l a t i o n 
( i n c l u d i n g i n - m i g r a t i o n ) i s growing a t 8-10 p e r c e n t a n n u a l l y (Myers 
1982) . W i t h p r e s s u r e l i k e t h a t , enforcement a l o n e i s u n l i k e l y t o 
p r e v e n t t h e c o n v e r s i o n o f w i l d l i f e h a b i t a t t o farm l a n d and g r a z i n g 
l a n d , n o r d e t e r people from p o a c h i n g e l e p h a n t s and r h i n o s , 
s l a u g h t e r i n g w i l d l i f e which compete w i t h c a t t l e f o r g r a s s and water 
and k i l l i n g o f f p r e d a t o r s . In s p i t e o f Kenya's w e l l - p u b l i c i z e d , 
a b l e and w e l l - f i n a n c e d e f f o r t s a t p r o t e c t i o n i s m , over t h e p a s t 
decade i t s e l e p h a n t p o p u l a t i o n dropped from 165,000 t o 50,000 and 
t h e r h i n o p o p u l a t i o n from 15,000 to l e s s t h a n 1,000 (Myers 1981). 
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or l e s s economic c o n t e n t , depending upon the c r i t e r i a used f o r 
d e t e r m i n i n g t h e magnitude o f t h e t a x e s , r o y a l t i e s , o r f e e s o r the 
a l l o c a t i o n o f the l i c e n s e s o r f r a n c h i s e s . 2 

I n t h i s paper I examine t h e p r o s p e c t s f o r c o n s e r v i n g w i l d l i f e and 
t h e i r h a b i t a t s by e s t a b l i s h i n g markets i n w i l d l i f e where an 
unmanaged commons e x i s t e d p r e v i o u s l y . S e v e r a l markets i n w i l d 
s p e c i e s ( s e a b i r d s , c r o c o d i l e s , and b u t t e r f l i e s ) are examined t o 
d e t e r m i n e whether t r a d e was o r g a n i z e d s u c c e s s f u l l y t o a v o i d t h e 
t r a g e d y o f t h e commons; what c o n d i t i o n s . . . p o l i t i c a l , s o c i a l , 
economic, and b i o l o g i c a l . . . l e d t o s u c c e s s o r f a i l u r e ; and whether 
t h e s e c o n d i t i o n s are unique o r l i k e l y t o b e e n c o u n t e r e d o r 
r e p l i c a b l e e l s e w h e r e . 3 T o e s t a b l i s h a c o n t e x t f o r e x a m i n i n g t h e 
case s t u d i e s I b r i e f l y r e v i e w t h e s u p p o r t i n g arguments f o r 
c o m m e r c i a l i z a t i o n as a c o n s e r v a t i o n s t r a t e g y and some of t h e 
d i f f i c u l t i e s l i k e l y t o b e e n c o u n t e r e d i n i m p l e m e n t i n g such a 
s t r a t e g y . 

TRADE AS A CONSERVATION DEVICE 

The essence o f t h e argument i n s u p p o r t o f c o m m e r c i a l i z a t i o n i s 
t h a t i f p r o p e r t y r i g h t s and i n c e n t i v e s f o r p r i v a t e s e c t o r 
management and maintenance o f s p e c i e s and t h e i r h a b i t a t a r e 
e s t a b l i s h e d , t h e n t r a d e i n w i l d s p e c i e s ( e i t h e r w i l d o r c a p t i v e 
r e a r e d ) can c o n t r i b u t e t o c o n s e r v a t i o n . I f t h e w i l d l i f e and 
h a b i t a t have a m a r k e t a b l e v a l u e , landowners o r l e s s e e s v e s t e d 
w i t h e n f o r c e a b l e p r o p e r t y r i g h t s have a n i n c e n t i v e t o n u r t u r e and 
p r o t e c t t h e s e r e s o u r c e s . I f t r a d e i s p r o h i b i t e d o r p r o p e r t y 
r i g h t s a r e vague o r u n e n f o r c e a b l e , n o such p r i v a t e i n c e n t i v e 
e x i s t s , and v i r t u a l l y the e n t i r e r e s p o n s i b i l i t y and c o s t o f 
h u s b a n d i n g w i l d r e s o u r c e s f a l l s upon t h e p u b l i c s e c t o r . 

2 F o r a n e x c e l l e n t survey o f t e c h n i q u e s used i n a t t e m p t i n g t o 
manage n a t u r a l r e s o u r c e s t h a t a r e common p r o p e r t y see N a t i o n a l 
O c e a n i c and A t m o s p h e r i c A d m i n i s t r a t i o n , 1984. 

3 I n 1983, I coauthored a paper which examined t r a d e in a 
number of s p e c i e s and a t t e m p t e d to determine whether 
c o m m e r c i a l i z a t i o n r e l i e v e d p r e s s u r e o n t h e w i l d p o p u l a t i o n s (Smith, 
et a l . , 1983). L a t e r I d i s c o v e r e d t h a t one of my c o a u t h o r s had 
been q u i t e s e l e c t i v e i n h i s use o f f a c t s and t h a t the e v i d e n c e 
s i m p l y d i d not s u p p o r t t h e e a r l i e r f i n d i n g s . A f o r m a l r e q u e s t t o 
t h e j o u r n a l e d i t o r to p u b l i s h a r e t r a c t i o n was d e n i e d . I have 
e x t e n d e d t h e r e s e a r c h and c o r r e c t e d t h e a n a l y s i s below. 
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Indeed, p u b l i c c o s t s are l i k e l y t o b e e x a c e r b a t e d b y t h e absence 
o f a p p r o p r i a t e l y d e s i g n e d p r i v a t e i n c e n t i v e s t o p r e s e r v e 
w i l d l i f e . H a b i t a t f r e q u e n t l y has competing commercial uses, 
which make c o n v e r s i o n a t t r a c t i v e and i n c r e a s e t h e p r i c e which 
p u b l i c e n t i t i e s must pay f o r a c q u i s i t i o n . W i l d l i f e can be p e s t s 
and p r e d a t o r s , t h e r e b y c r e a t i n g a n i n c e n t i v e f o r t h e i r c o n t r o l 
and e l i m i n a t i o n , a n i n c e n t i v e which i s not m i t i g a t e d i f t h e r e i s 
n o c a p t u r a b l e commercial v a l u e a s s o c i a t e d w i t h t h e w i l d l i f e . The 
i n c e n t i v e f o r p r i v a t e e f f o r t s t o c o n t r o l w i l d l i f e t h a t a r e p e s t s 
and p r e d a t o r s makes i f more d i f f i c u l t and more e x p e n s i v e f o r 
p u b l i c w i l d l i f e managers t o m a i n t a i n any g i v e n w i l d l i f e 
p o p u l a t i o n l e v e l . Where t h e r e a re p e n a l t i e s a s s o c i a t e d w i t h the 
t a k i n g o r t r a d i n g o f w i l d l i f e , but n o p r i v a t e p r o p e r t y r i g h t s , 
t h e c o s t o f c o n t r o l l i n g i l l i c i t a c t i v i t y i s borne e n t i r e l y by the 
p u b l i c s e c t o r . I f r i g h t s t o t h e w i l d l i f e were v e s t e d i n p r i v a t e 
e n t i t i e s , t h e r e would be c o n s i d e r a b l y more i d e n t i f i c a t i o n , 
p r e v e n t i o n , and r e p o r t i n g of i l l i c i t a c t i v i t y by t h e p r i v a t e 
s e c t o r . 

Obstacles to Implementation: Market mechanisms a r e r e m a r k a b l y 
e f f i c i e n t d e v i c e s f o r a c h i e v i n g s o c i a l l y d e s i r a b l e o b j e c t i v e s . 
In many i n s t a n c e s t h e y are s e l f - e n f o r c i n g , r e q u i r i n g few 
s u p p o r t i n g p u b l i c r e s o u r c e s and l i m i t e d governmental o v e r s i g h t 
and r e g u l a t i o n t o f u n c t i o n p r o p e r l y . Where such mechanisms can 
b e d e s i g n e d f o r t h e w i l d l i f e s e c t o r , t h e y can ease t h e burden o f 
c o n s e r v i n g w i l d s p e c i e s and t h e i r ecosystems. 

However, no one but an u n r e c o n s t r u c t e d z e a l o t would c o n t e n d t h a t 
l a i s s e z f a i r e c o m m e r c i a l i z a t i o n i s a panacea f o r t h e problems o f 
p r e s e r v i n g w i l d l i f e . F o r many s p e c i e s t h e concept cannot be 
a p p l i e d , because many s p e c i e s have no apparent economic v a l u e . 
Even f o r s p e c i e s which have o b v i o u s u t i l i t y , a m a r k e t - o r i e n t e d 
s o l u t i o n may b e d i f f i c u l t o r i m p o s s i b l e t o d e s i g n . F o r m i g r a t o r y 
s p e c i e s i t may prove d i f f i c u l t f o r h a b i t a t owners t o c a p t u r e t h e 
c o n t r i b u t i o n o f t h e i r r e s o u r c e . I n l e s s d e v e l o p e d c o u n t r i e s 
(LDCs) p o l i t i c a l i n s t a b i l i t y , u n r e l i a b l e b i o l o g i c a l i n f o r m a t i o n , 
and p r i m i t i v e p e r m i t t i n g p r o c e d u r e s , complete w i t h mountains o f 
numbing documentation, f r e q u e n t l y c o m p l i c a t e t h e p r o b l e m o f 
i m p l e m e n t i n g a c o n s e r v a t i o n - o r i e n t e d , c o m m e r c i a l i z a t i o n s t r a t e g y . 
In many i n s t a n c e s b i o l o g i c a l c o n s t r a i n t s and/or economic o r 
s o c i a l i n s t i t u t i o n s w i l l make i t d i f f i c u l t t o e s t a b l i s h p r o p e r t y 
r i g h t s . Where p r o p e r t y r i g h t s can be e s t a b l i s h e d , t h e c o s t o f 
e n f o r c i n g them may be p r o h i b i t i v e . Even where e n f o r c e a b l e 
p r o p e r t y r i g h t s can be e s t a b l i s h e d , management o f t h e s p e c i e s on 
a s u s t a i n e d y i e l d o r p r o f i t - m a x i m i z i n g b a s i s i n p e r p e t u i t y i s not 
a s s u r e d : t h e r e are c o n d i t i o n s under which h a r v e s t i n g o f t h e 
e n t i r e s t o c k ( l i q u i d a t i o n o f t h e f i r m and e x t i n c t i o n f o r t h e 
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s p e c i e s ) i s f i n a n c i a l l y p r e f e r a b l e f o r t h e r e s o u r c e owner ( C l a r k 
1974; F i f e 1971). The l i s t o f p o t e n t i a l problems i s l e n g t h y , 
w e l l - b r o a d c a s t , and o f t e n l e g i t i m a t e . 

Conditions Favorable to Commercialization: There are however 
c o n d i t i o n s which f a v o r c o m m e r c i a l i z a t i o n and t h e e s t a b l i s h m e n t o f 
p r o p e r t y r i g h t s . I f t h e p r o d u c t i s such t h a t a r e l i a b l e s u p p l y 
i s i m p o r t a n t t o m a i n t a i n commerce, o p p o r t u n i t i e s a r e l i k e l y t o 
e x i s t f o r u n d e r m i n i n g i l l i c i t t r a d e and p o a c h i n g . I f t h e range 
of a s p e c i e s does not c r o s s p o l i t i c a l b o u n d a r i e s , t h e problems of 
e s t a b l i s h i n g a market and e n f o r c i n g p r o p e r t y r i g h t s may be 
s i m p l i f i e d . I f t h e c o n d i t i o n s under which a s p e c i e s can b e 
r a i s e d o r marketed l e n d themselves t o s e l f - e n f o r c e m e n t , p u b l i c 
funds now devoted to p r o t e c t i o n or enforcement can be saved, and 
c o m m e r c i a l i z a t i o n may prove a t t r a c t i v e . C o n v e r s e l y , a market 
s o l u t i o n may not b e a p p r o p r i a t e f o r s p e c i e s t h a t r e q u i r e 
e x t e n s i v e support from law enforcement i n o r d e r t o e s t a b l i s h a 
market s t r u c t u r e which c o n t r i b u t e s t o c o n s e r v a t i o n . 

Trade i n s p e c i e s f o r which t h e c o s t o f f a r m i n g o r r a n c h i n g i s 
l e s s t h a n t h e c o s t o f t a k i n g from t h e w i l d can b e used t o r e l i e v e 
p r e s s u r e o n w i l d p o p u l a t i o n s . A l t h o u g h t h i s i s o f t e n d i f f i c u l t 
t o e f f e c t , b u d g i e s , c a n a r i e s , and f r e s h - w a t e r t r o p i c a l f i s h are 
cases i n p o i n t . E x t e n s i v e t r a d e o c c u r s i n t h e s e s p e c i e s , a l l o f 
i t w i t h specimens b r e d and r e a r e d i n c a p t i v i t y . I f a u n i f o r m 
p r o d u c t i s d e s i r a b l e , c a p t i v e b r e e d i n g has a n advantage. Obvious 
examples are s p e c i e s used f o r r e s e a r c h and t e s t i n g and some 
a n i m a l s used i n t h e f u r t r a d e . Indeed, e i t h e r because o f d i e t 
m o d i f i c a t i o n o r because the c a p t i v e p o p u l a t i o n i s s h i e l d e d from 
t h e h a z a r d s o f t h e w i l d , c a p t i v e b r e e d i n g and r a i s i n g can b e used 
not j u s t t o g e n e r a t e a u n i f o r m p r o d u c t , but an enhanced, more 
v a l u a b l e p r o d u c t . 

C a p t i v e b r e e d i n g and r e a r i n g has i t s l i m i t a t i o n s a s a 
c o n s e r v a t i o n d e v i c e , however: a l t h o u g h i t can b e used t o reduce 
t a k i n g from t h e w i l d , c a p t i v e b r e e d i n g and r e a r i n g does not 
c r e a t e p r o p e r t y r i g h t s i n w i l d p o p u l a t i o n s and t h e i r h a b i t a t s , 
and i n and of. i t s e l f e s t a b l i s h e s n o d i r e c t i n c e n t i v e t o m a i n t a i n 
t h e s e p o p u l a t i o n s and t h e i r h a b i t a t s . Thus, where development 
t h r e a t e n s , c a p t i v e b r e e d i n g and r e a r i n g has m i n i m a l b e n e f i t s as a 
s t r a t e g y f o r m a i n t a i n i n g the w i l d . 

I d e n t i f y i n g s p e c i e s f o r which market mechanisms can b e used i n 
s o l v i n g t h e problems o f p r e s e r v a t i o n t o g e t h e r w i t h d e s i g n i n g the 
a p p r o p r i a t e mechanisms i s a f a i r l y a m b i t i o u s t a s k . G i v e n the 
number o f s p e c i e s , p o p u l a t i o n s , and h a b i t a t s i n need o f 
a t t e n t i o n , t h e problem t a k e s o n d i s c o u r a g i n g d i m e n s i o n s . But the 
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c u r r e n t p r o t e c t i o n i s t s t r a t e g y has f a i l e d t o h a l t t h e p r e c i p i t o u s 
d e c l i n e i n w i l d l i f e p o p u l a t i o n s , and w i t h o u t a massive i n c r e a s e 
in f u n d i n g ( f u n d i n g which does not seem to be f o r t h c o m i n g ) t h e 
p r o s p e c t s f o r p r o t e c t i o n i s m a r e dim. A l t h o u g h t h e d e c l i n e i n 
w i l d l i f e p o p u l a t i o n s i s g e n e r a l l y unwanted and dangerous t o t h e 
s t a b i l i t y o f the b i o l o g i c a l l a b y r i n t h , u n l e s s a way can b e 
d e v e l o p e d t o make i t i n p e o p l e ' s s e l f - i n t e r e s t t o p r e s e r v e 
w i l d l i f e p o p u l a t i o n s and h a b i t a t s , e x t e n s i v e d e p l e t i o n i s 
i n e v i t a b l e d u r i n g t h i s c e n t u r y . I t i s not n o b l e t o have t o 
c o n s i d e r and engage i n the e x p l o i t a t i o n o f t h e r e s t o f t h e 
e a r t h ' s s p e c i e s i n o r d e r t o c r e a t e c o n d i t i o n s under which t h e y 
are v a l u e d enough t o be p r e s e r v e d . In l i g h t of t h e p r e c a r i o u s 
s t a t u s o f numerous s p e c i e s , i t would b e even l e s s h o n o r a b l e t o 
a v o i d c o n s i d e r a t i o n o f c o m m e r c i a l i z a t i o n because o f i t s o f f e n s i v e 
n a t u r e . 

We move now t o the e x a m i n a t i o n of t h e case s t u d i e s and some of 
t h e d i f f i c u l t i e s encountered i n m a r r y i n g c o n s e r v a t i o n and 
c o m m e r c i a l i z a t i o n . 

SEABIRDS 

I n I c e l a n d , s e a b i r d s . . . e i d e r s , murres, r a z o r b i l l s , k i t t i w a k e s , 
and p u f f i n s . . . have been e x p l o i t e d f o r f o o d and f e a t h e r s f o r over 
1000 y e a r s . S i n c e t h e e l e v e n t h c e n t u r y t h e r e have been a v a r i e t y 
o f e f f o r t s i n s t i t u t e d t o p r o t e c t t h e b i r d s , c o n t r o l 
o v e r h a r v e s t i n g , and s u p p l a n t t h e commons. Indeed, as e a r l y as 
1281, t h e c i v i l and e c c l e s i a s t i c a l codes s t a t e d t h a t t h e b i r d s 
b e l o n g e d t o t h e o c c u p i e r s o f t h e l a n d s where t h e y o c c u r r e d 
(Doughty 1979). P r o t e c t i v e e f f o r t s were l a r g e l y i n e f f e c t i v e , 
however, and o v e r - e x p l o i t a t i o n c o n t i n u e d u n t i l t h e m i d d l e of t h e 
19th c e n t u r y when enforcement became more v i g o r o u s . C u r r e n t l y , 
the management schemes f o r e i d e r s , murres, r a z o r b i l l s , and 
k i t t i w a k e s make t h e most use of p r o p e r t y r i g h t s , w h i l e t h a t f o r 
p u f f i n s i s more l i k e a r e g u l a t e d f i s h e r y . In a l l o f t h i s , 
however, government enforcement, p r o t e c t i o n , and p e n a l t i e s p l a y 
a n i m p o r t a n t r o l e . 

Eider Farming: E i d e r s serve as a s o u r c e of meat, eggs, and 
e s p e c i a l l y down. The landowners conduct f a i r l y c l a s s i c a l 
husbandry o p e r a t i o n s : c r e a t i n g a r t i f i c i a l n e s t i n g s i t e s , 
g a t h e r i n g down, c o l l e c t i n g eggs and i n d u c i n g d o u b l e - c l u t c h i n g , 
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and p r o t e c t i n g the n e s t i n g c o l o n i e s from poachers and n a t u r a l 
p r e d a t o r s . 4 

The number of such f a r m i n g o p e r a t i o n s grew d u r i n g t h e 1 9 t h 
c e n t u r y and peaked d u r i n g t h e 1920s at 250 farms. The movement 
of many f a r m e r s i n t o towns t o g e t h e r w i t h the development of 
s y n t h e t i c s u b s t i t u t e s have reduced t h e number of farms to about 
200, and eiderdown p r o d u c t i o n i s now o n l y about h a l f o f i t s peak. 
One r e s u l t o f t h i s d e c l i n e i n farms has been a n i n c r e a s e i n 
p r e d a t i o n by g u l l s , ravens, and f e r a l mink and f o x . 

D e s p i t e t h e p r o t e c t i o n a f f o r d e d b y t h e r e m a i n i n g f a r m e r s and the 
government, I c e l a n d ' s e i d e r p o p u l a t i o n has d e c l i n e d i n r e c e n t 
y e a r s , w h i l e e i d e r c o l o n i e s e l s e w h e r e have grown. The f a l l i n 
p o p u l a t i o n has been a t t r i b u t e d t o a c o m b i n a t i o n o f u n u s u a l l y 
s e v e r e weather c o n d i t i o n s , p o l l u t i o n a t t e n d a n t t o development 
( o i l , i n d u s t r i a l wastes, and a g r i c u l t u r a l c h e m i c a l s have i n v a d e d 
c o a s t a l w a t e r s ) , the i n c r e a s e d p r e d a t i o n ( a l s o due t o human 
a c t i v i t i e s , s i n c e g u l l s are camp f o l l o w e r s , and have t h r i v e d on 
m u n i c i p a l dumps), and t h e reduced number of farms (Doughty 1979). 

As i n d i c a t e d , among the examples of c o m m e r c i a l i z a t i o n o f 
w i l d l i f e , e i d e r f a r m i n g i s one o f t h e c l o s e s t t o t h e pure 
p r o p e r t y r i g h t s paradigm. A key element, however, i s t h a t e i d e r s 
are f u l l y p r o t e c t e d i n I c e l a n d . The government e n f o r c e s t h e 
p r o p e r t y r i g h t s , a l l o w i n g n o t a k i n g o n p u b l i c n e s t i n g grounds and 
i m p o s i n g s i z a b l e p e n a l t i e s f o r p o a c h i n g . Thus, t h e "commons" has 
been r e p l a c e d by a c o m b i n a t i o n of p r i v a t e farms and government 
p r o t e c t i o n . The l a t t e r i s c e n t r a l t o managing t h e s p e c i e s , a s 
w e l l a s managing t h e i n d u s t r y . The p u b l i c l y p r o t e c t e d , non-
p r i v a t e l y owned n e s t i n g s i t e s add t o t h e p o p u l a t i o n , and, 
p r o t e c t e d from c o m p e t i t i o n from poachers o n p u b l i c l a n d s , the 
f a r m e r s a r e encouraged t o i n c u r c o s t s i n husbanding t h e n e s t s o n 
t h e i r p r o p e r t y . F u r t h e r - s u p p o r t i n g t h e management scheme i s t h e 
l o n g t r a d i t i o n o f e i d e r c o n s e r v a t i o n , t h e a v a i l a b i l i t y o f o t h e r 
employment and income s o u r c e s , and t h e s m a l l , s l o w - g r o w i n g human 
p o p u l a t i o n . The c l o s e - k n i t n a t u r e o f t h e community p r o b a b l y 
s e r v e s t o f u r t h e r d i s c o u r a g e p o a c h i n g . C o m p e t i t i o n from 
s y n t h e t i c s and c o n t i n u e d development, i n I c e l a n d c o u l d undermine 

4 I n t h e o f f i c i a l t e r m i n o l o g y of CITES (the C o n v e n t i o n on 
I n t e r n a t i o n a l Trade i n Endangered S p e c i e s o f W i l d Fauna and F l o r a ) 
" f a r m i n g " i n v o l v e s c l o s e d - c y c l e , c a p t i v e - b r e e d i n g o f w i l d l i f e , 
w h i l e " r a n c h i n g " i n v o l v e s t a k i n g eggs o r young from t h e w i l d and 
r e a r i n g them i n c a p t i v i t y . In t h i s paper " f a r m i n g " w i l l be used 
f o r a l l c o n t r o l l e d - r e a r i n g a c t i v i t i e s . 
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the arrangement, however, and might weaken p r o t e c t i o n of t h e 
c o l o n i e s . There i s a s y m b i o t i c r e l a t i o n s h i p h e r e : p r o t e c t i o n o f 
t h e e i d e r s encourages t h e i n d u s t r y , and a h e a l t h y i n d u s t r y 
r e s u l t s i n a c o n s t i t u e n c y which s u p p o r t s government p r o t e c t i o n . 
S h o u l d t h e i n d u s t r y c o n t i n u e t o d e c l i n e , i n t e r e s t i n p r o t e c t i o n 
c o u l d erode. 

Murres, R a z o r b i l l s , and Kittiwakes: S e a b i r d s and eggs are 
h a r v e s t e d from t h e s t e e p , s e a - c l i f f , b r e e d i n g c o l o n i e s o f t h e 
murres, r a z o r b i l l s , and k i t t i w a k e s . The management and f a r m i n g 
t e c h n i q u e i s somewhat d i f f e r e n t from t h a t f o r e i d e r s , but 
p r o p e r t y r i g h t s c o n t i n u e t o p l a y a n i m p o r t a n t r o l e . A r t i f i c i a l 
h a b i t a t i s not c r e a t e d t o a t t r a c t the b i r d s ; r a t h e r p r o p e r t y 
r i g h t s have been e s t a b l i s h e d b y farmers o n t h e n a t u r a l b r e e d i n g 
s i t e s (Hyman 1982). No common area remains. The e n t i r e b r e e d i n g 
a r e a has been s u b d i v i d e d i n t o p r i v a t e farms, and owners 
f r e q u e n t l y r e n t t h e h a r v e s t i n g r i g h t s t o h u n t e r s . A l t h o u g h the 
law a l l o w s t h e t a k i n g of f u l l grown b i r d s , t h e i r eggs and young, 
b r e e d i n g s t o c k i s c o n s e r v e d through a c o m b i n a t i o n o f government 
c o n t r o l s and s e l f - i m p o s e d husbandry p r a c t i c e s . 

H u n t i n g methods t h a t p r i m a r i l y s e l e c t a d u l t s are banned b y law. 
T h i s i s i n marked c o n t r a s t t o the days when I c e l a n d ' s n e s t i n g 
c l i f f s were known as t h e c o u n t r y ' s b r e a d b a s k e t and as many 
s e a b i r d s as p o s s i b l e were s l a u g h t e r e d . T a k i n g was u n c o n t r o l l e d , 
h u n t i n g b e i n g conducted at sea and on l a n d w i t h n e t s , hooks, ' 
s n a r e s , and guns. Severe p o p u l a t i o n d e c l i n e s o c c u r r e d , and one-
s p e c i e s , t h e g r e a t auk, became e x t i n c t . 

Eggs a r e c o l l e c t e d e a r l y i n the season, a l l o w i n g most b i r d s t o 
r e l a y . T h i s , t o g e t h e r w i t h c o n c e n t r a t i n g t h e h u n t i n g o n young 
b i r d s and n e s t l i n g s which have a h i g h n a t u r a l m o r t a l i t y r a t e , 
tends t o p r e s e r v e t h e p o p u l a t i o n s . 

A l l o f t h e s e c o n s e r v a t i o n , management, and f a r m i n g p r a c t i c e s 
might b e f o r naught, however, i f i t weren't f o r t h e f a c t t h a t the 
b i r d s are e x t r e m e l y f a i t h f u l t o t h e i r n e s t i n g s i t e s . I t i s t h i s 
n a t u r a l tendency ( t o g e t h e r w i t h the b i r d s ' r e l a t i v e l a c k o f 
v u l n e r a b i l i t y w h i l e d i s p e r s e d a t sea i n t h e o f f - s e a s o n ) which 
makes i t p o s s i b l e t o e s t a b l i s h f a i r l y dependable "ownership 
r i g h t s " t o t h e b r e e d i n g p o p u l a t i o n and a l l o w s u b s t i t u t i o n o f a 
p r o p e r t y r i g h t s s t r u c t u r e c o n s i s t e n t w i t h c o n s e r v a t i o n f o r a 
commons which encouraged o v e r - h a r v e s t i n g . I f t h e b i r d s tended t o 
p i o n e e r e a s i l y , each farmer would have a n i n c e n t i v e t o h a r v e s t a s 
many b i r d s as p o s s i b l e each year, a s s u r e d t h a t t h e n e s t i n g 
p o p u l a t i o n o n h i s l a n d i n year t was independent o f h i s 
a c t i v i t i e s i n year t - 1 . Thus, i n the absence o f t h e b i r d s ' s i t e 
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f i d e l i t y c h a r a c t e r i s t i c s , a commons would reemerge d e s p i t e 
e n f o r c e a b l e p r o p e r t y r i g h t s t o the b r e e d i n g h a b i t a t . 

P u f f i n s : The management arrangements t h a t have e v o l v e d f o r 
p u f f i n s a r e s i m i l a r i n many r e s p e c t s t o t h o s e f o r murres e t a l . 
P r o p e r t y r i g h t s , a t l e a s t t a c i t p r o p e r t y r i g h t s , p l a y a n 
i m p o r t a n t r o l e i n the management and c o n s e r v a t i o n o f p u f f i n s , but 
government r e g u l a t i o n o f h a r v e s t i n g methods has c e r t a i n l y been 
c r i t i c a l t o t h e r e c o v e r y o f t h e p o p u l a t i o n s from t h e decimated 
l e v e l s o f t h e mid-1800s. 

P u f f i n s a re hunted f o r t h e i r meat and f e a t h e r s . L i k e t h e murres, 
r a z o r b i l l s , and k i t t i w a k e s , p u f f i n s a re c l i f f d w e l l e r s , making 
t h e i r n e s t s i n burrows. U n t i l the m i d d l e o f t h e 19th c e n t u r y 
h u n t e r s n e t t e d t h e b i r d s a t t h e i r burrow e n t r a n c e s , a p r a c t i c e 
which had a d e v a s t a t i n g e f f e c t on t h e p o p u l a t i o n s . In 1875, a 
l o n g - h a n d l e d net c a l l e d a h a f u r was i n t r o d u c e d t o I c e l a n d (Hyman 
1982). I t i s used t o c a p t u r e t h e b i r d s i n m i d - f l i g h t . D e s p i t e 
i t s u n w i e l d y n a t u r e (12 f e e t l o n g ) , n o s u b s t i t u t e has emerged f o r 
t h e h a f u r d u r i n g t h e i n t e r v e n i n g c e n t u r y , and I c e l a n d i c law 
d e s i g n a t e s i t a s t h e o n l y i n s t r u m e n t t h a t can b e used t o h a r v e s t 
p u f f i n s . Guns are s p e c i f i c a l l y o utlawed, because t h e n o i s e 
f r i g h t e n s t h e b i r d s away from t h e c o l o n i e s , l e a v i n g t h e young 
u n c a r e d f o r and t h e eggs u n p r o t e c t e d . 

The l a r g e s t p u f f i n c o l o n i e s are found i n t h e Westmann I s l a n d s o f f 
I c e l a n d ' s s o u t h e r n c o a s t . The Town o f Westmann I s l a n d s owns the 
i s l a n d s , and l e a s e s each h a r v e s t i n g s i t e ( i s l a n d ) t o l o c a l 
h u n t e r s . R e n t a l f e e s are nominal, and do not s e r v e an a l l o c a t i v e 
f u n c t i o n . R a t h e r , by t r a d i t i o n , t h e same group of h u n t e r s l e a s e s 
t h e same i s l a n d y e a r a f t e r year, and t a c i t ownership r i g h t s have 
e v o l v e d f o r each h a r v e s t i n g s i t e ( P e t e r s o n 1985). T h i s i s 
i m p o r t a n t , because i n c o n j u n c t i o n w i t h t h e i s l a n d - f a i t h f u l n e s s o f 
t h e b i r d s , i t p r o v i d e s a n i n c e n t i v e not t o o v e r h a r v e s t a n i s l a n d . 
P u f f i n s w i l l p i o n e e r and r e c o l o n i z e a n o v e r h a r v e s t e d s i t e , but 
r e c o l o n i z a t i o n t a k e s t i m e , and i n t h e i n t e r i m , h a r v e s t s i z e s w i l l 
s u f f e r . 

I n o r d e r t o c o n s e r v e the b r e e d i n g p o p u l a t i o n and a v o i d 
o v e r e x p l o i t a t i o n , Westmann I s l a n d e r s hunt o n l y on t h e p e r i p h e r y 
of t h e b r e e d i n g c o l o n y , s t a t i o n i n g t h e m s e l v e s on t h e c l i f f s and 
a t t e m p t i n g t o net b i r d s a s they f l y by. H u n t i n g i s conducted 
o n l y d u r i n g t h e summer months, when t h e b i r d p o p u l a t i o n m i l l i n g 
about t h e c l i f f s i s composed l a r g e l y o f young and immatures. 
A d u l t s r a r e l y f l y a l o n g the c l i f f s d u r i n g t h e summer, t r a v e l i n g 
i n s t e a d s t r a i g h t out t o sea from t h e i r burrows i n s e a r c h o f f o o d 
f o r t h e i r young. Catch s t a t i s t i c s r e f l e c t t h e s e l e c t i v e n a t u r e 
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o f t h e s e h u n t i n g p r a c t i c e s : 9 3 p e r c e n t o f t h e t a k e i s composed 
of n o n b r e e d i n g j u v e n i l e s (Hyman 1982). 

These r e s t r i c t i v e h u n t i n g p r a c t i c e s are a l l s e l f - i m p o s e d . The 
government s e t s n o bag l i m i t s o r season l e n g t h s , r e q u i r i n g o n l y 
t h a t h u n t i n g b e conducted w i t h t h e h a f u r . Hunters who d e v i a t e 
from t h e a c c e p t e d h a r v e s t i n g methods are q u i c k l y s a n c t i o n e d b y 
t h e s m a l l community. F u r t h e r , t h e commitment of t h e Westmann 
I s l a n d h u n t e r s t o h a r v e s t i n g p r a c t i c e s which conserve t h e 
b r e e d i n g p o p u l a t i o n i s almost c e r t a i n l y r e l a t e d t o t h e l o n g - t e r m 
l e a s e s and t a c i t ownership r i g h t s which t h e y e n j o y t o t h e 
h a r v e s t i n g s i t e s . On i s l a n d s t o t h e n o r t h where l e a s e s a r e 
d e t e r m i n e d a n n u a l l y and h u n t e r s have no l o n g - r u n c l a i m to the 
h a r v e s t i n g s i t e s , h u n t i n g i s conducted from t h e m i d d l e o f t h e 
c o l o n i e s , r a t h e r t h a n o n the p e r i p h e r y . P u f f i n p o p u l a t i o n s o n 
t h e s e i s l a n d s have d e c l i n e d s i g n i f i c a n t l y ( P e t e r s o n 1985) . 

Assessment: The arrangements f o r e x p l o i t i n g s e a b i r d s i n I c e l a n d 
u s e d to be in the form of a commons, and, as e x p e c t e d , 
o v e r h a r v e s t i n g o c c u r r e d t o t h e d e t r i m e n t o f t h e s p e c i e s . 
C l e a r l y , t h e s e a b i r d s are c o n s e r v e d b e t t e r under t h e c u r r e n t 
h a r v e s t i n g s t r u c t u r e s than t h e y were under a commons. 

Ar e t h e b i r d p o p u l a t i o n s l a r g e r t h a n t h e y would have been i f 
commerce had been p r o h i b i t e d ? The e i d e r p o p u l a t i o n may be, 
because f a r m e r s c r e a t e a r t i f i c i a l h a b i t a t f o r them and t h e b i r d s ' 
c o m m e r c i a l v a l u e encourages b o t h p r i v a t e and p u b l i c e f f o r t s t o 
p r o t e c t them from n a t u r a l p r e d a t o r s . T h i s i s p r o b a b l y not t h e 
c a s e f o r t h e p u f f i n s and the murres et a l . The management 
arrangements f o r t h e s e s p e c i e s d o not i n v o l v e h a b i t a t enhancement 
or p r e d a t o r c o n t r o l . Thus, i f commerce were banned, th e 
p o p u l a t i o n s o f p u f f i n s and murres e t a l . might w e l l b e l a r g e r . 
However, t h e i m p l i c i t assumption here i s t h a t even i f commerce 
were p r o h i b i t e d , t h e p r o t e c t i v e e f f o r t s would c o n t i n u e , and t h a t 
i s p r o b a b l y not t h e case, a t l e a s t not a t t h e l e v e l now e n j o y e d 
by t h e b i r d s . On t h e whole, s e a b i r d s seem t o have been w e l l -
s e r v e d b y c o m m e r c i a l i z a t i o n and t h e i n s t i t u t i o n a l arrangements 
d e v i s e d f o r h a r v e s t i n g them...far b e t t e r t h a n under a commons and 
v e r y l i k e l y b e t t e r t h a n i f commerce were p r o h i b i t e d . 

I t i s n o t e w o r t h y t h a t t h i s was a c c o m p l i s h e d w i t h o u t h a v i n g t o 
e x t e n d p r o t e c t i v e c o n t r o l s o r p r o p e r t y r i g h t s t o t h e b i r d s ' 
e n t i r e range. The b i r d s are p r i m a r i l y p e l a g i c , c o l o n i z i n g o n l y 
d u r i n g t h e b r e e d i n g season. S i n c e t h e c o s t o f h a r v e s t i n g them a t 
sea i s p r o h i b i t i v e and t h e r e s t o f t h e i r h a b i t a t (the open ocean) 
i s not t e r r i b l y v u l n e r a b l e , i t i s o n l y n e c e s s a r y t o c o n t r o l t h e i r 
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b r e e d i n g grounds t o p r o t e c t them. 5 At t h e r i s k of s t a t i n g the 
o b v i o u s , when the p o r t i o n of t h e commons t o which p r o t e c t i o n or 
p r o p e r t y r i g h t s need t o b e extended can b e c o n f i n e d , 
c o m m e r c i a l i z a t i o n c o n s i s t e n t w i t h c o n s e r v a t i o n becomes much 
e a s i e r t o e f f e c t . 

A n o t h e r p r i n c i p l e e v i d e n t from t h e I c e l a n d i c e x p e r i e n c e w i t h 
s e a b i r d s i s t h a t i n some cases ( l i k e t h e e i d e r s ) p r i v a t i z a t i o n of 
t h e commons w i t h m i n i m a l government s u p p o r t o f p r o p e r t y r i g h t s 
may b e s u f f i c i e n t f o r c o m m e r c i a l i z a t i o n t o b e c o n s i s t e n t w i t h 
c o n s e r v a t i o n ; i n o t h e r s ( l i k e t he p u f f i n s ) more government 
i n v o l v e m e n t , s c r u t i n y , and p r o t e c t i v e a c t i o n s may b e r e q u i r e d . 
F o r f i n a n c i a l l y p r e s s e d and overburdened governments i n LDCs, 
p r o v i d i n g t h e l a t t e r may b e d i f f i c u l t . 

There i s one i m p o r t a n t c o n d i t i o n o p e r a t i n g i n I c e l a n d which 
u n f o r t u n a t e l y i s not d u p l i c a t e d i n much o f t h e t r o p i c s : i n 
I c e l a n d t h e b r e e d i n g h a b i t a t i s not under p r e s s u r e from 
a l t e r n a t i v e forms o f development. The human p o p u l a t i o n i s 
s t a b l e , and t h e r e does not appear t o be much use f o r t h e l a n d 
e x c e p t a s h a b i t a t . C l e a r l y , t h i s i s o f t e n not t h e case i n the 
t r o p i c s , where t h e commercial o p p o r t u n i t y c o s t s a s s o c i a t e d w i t h 
r e t e n t i o n o f the l a n d as h a b i t a t are o f t e n h i g h and may swamp the 
revenues t h a t can b e e x t r a c t e d from t h e l a n d i n i t s n a t u r a l 
s t a t e . 

CROCODILES 

Some s p e c i e s of c r o c o d i l e s have been on e a r t h f o r 200 m i l l i o n 
y e a r s . However, a l l o f the r e m a i n i n g 2 6 o r s o s p e c i e s have 
undergone such r a p i d d e p l e t i o n d u r i n g t h e p a s t 3 0 y e a r s t h a t most 
of them a r e now l i s t e d as e i t h e r t h r e a t e n e d o r endangered, and 
the p r o s p e c t s f o r t h e i r s u r v i v a l i n t h e w i l d i s tenuous a t b e s t . 
In t h e f a c e o f a c o n t i n u i n g world-wide demand f o r c r o c o d i l i a n 
l e a t h e r p r o d u c t s , t h e r e i s l i t t l e f u t u r e f o r c r o c o d i l e s i f they 
remain o n l y a common p r o p e r t y r e s o u r c e . 

Papua New Guinea (PNG) saw i t s w i l d c r o c o d i l e p o p u l a t i o n s c r a s h 
i n a s h o r t p e r i o d o f time f o l l o w i n g t h e w i d e - s c a l e development o f 
c ommercial s h o o t i n g which began in t h e mid-1950s. PNG has b o t h 
f r e s h - and s a l t - w a t e r s p e c i e s o f c r o c o d i l e s . The t r a d e i n b o t h 

5 T h i s would not have been s u f f i c i e n t f o r Norway where 
o v e r f i s h i n g has reduced the f o o d s u p p l y f o r s e a b i r d s and caused 
the p o p u l a t i o n s t o d e c l i n e . 
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s p e c i e s peaked i n 1965-66, when $1 m i l l i o n i n s k i n s were 
e x p o r t e d . A f t e r 1966, e x p o r t s plummeted as b o t h s p e c i e s 
d i s a p p e a r e d from a c c e s s i b l e a r e a s . By 1967, p o p u l a t i o n s of b o t h 
s p e c i e s were d e p l e t e d , and i n 1968, even w i t h i n c r e a s e d h u n t i n g 
e f f o r t , t h e y i e l d dropped b y h a l f . B y 1969, t h e s a l t - w a t e r 
c r o c o d i l e was r a r e i n most o f i t s range t h r o u g h o u t the c o u n t r y . 
I n 1970, t h e PNG government e s t i m a t e d t h a t a l l b r e e d i n g - a g e 
c r o c o d i l e s would be gone w i t h i n 5 y e a r s . I n 1971-1972, t h e t o t a l 
v a l u e o f e x p o r t s o f b o t h s p e c i e s had been reduced t o $198,000 
( N a t i o n a l R e s e a r c h C o u n c i l 1983). 

In t h e l a t e 1960s, t h e government began to d e v e l o p a r a d i c a l 
n a t i o n a l p l a n t o i n c o r p o r a t e a l l o f t h e N a t i o n ' s w i l d l i f e a s p a r t 
o f a c o n s t i t u t i o n a l l y p r o t e c t e d , s u s t a i n a b l e n a t i o n a l r e s o u r c e . 
Aware o f t h e e f f e c t s of development on o t h e r t r o p i c a l r e g i o n s , 
t h e government sought ways t o u t i l i z e t h e n a t i o n ' s n a t u r a l 
r e s o u r c e s t o improve t h e s t a n d a r d o f l i v i n g , w h i l e m a i n t a i n i n g 
the t r a d i t i o n a l l i f e s t y l e o f t h e i n d i g e n o u s p e o p l e s and t h e 
i n t e g r i t y of t h e ecosystem. PNG embarked upon a program of 
w i l d l i f e f a r m i n g , e n c o u r a g i n g i n d i v i d u a l s t o e s t a b l i s h enhanced 
h a b i t a t a r e a s o n the f r i n g e o f n a t u r a l environments. The f a r m i n g 
program i n c l u d e d p l a n s f o r c a s s o w a r i e s , megapodes, w a l l a b i e s , 
deer, b u t t e r f l i e s , and c r o c o d i l e s . PNG's b u t t e r f l y and c r o c o d i l e 
farms were d e s i g n e d as e x p o r t i n d u s t r i e s . The o t h e r w i l d l i f e 
farms were c o n c e i v e d of as a s o u r c e of d o m e s t i c p r o t e i n ( N a t i o n a l 
R e s e a r c h C o u n c i l 1983). 

In 1968, t h e government f o r m u l a t e d i t s f i r s t c r o c o d i l e 
r e g u l a t i o n s , i n c l u d i n g l i c e n s i n g a t a l l s t a g e s o f t h e t r a d e , d a t a 
c o l l e c t i o n , and a ban o n the p o s s e s s i o n , s a l e , and e x p o r t o f a l l 
s k i n s e x c e e d i n g 2 0 i n c h e s i n b e l l y w i d t h (about 8 f e e t l o n g ) . 
The b e l l y - w i d t h ban was d e s i g n e d t o c o n s e r v e t h e most c r i t i c a l 
p o r t i o n s o f t h e c r o c o d i l e p o p u l a t i o n s , t h e mature, b r e e d i n g 
a d u l t s . B r e e d i n g , f r e s h - w a t e r c r o c o d i l e s sometimes f a l l below 
t h e 20 i n c h b e l l y - w i d t h l i m i t , but f o r t h e most p a r t t h e ban i s 
w e l l c o n c e i v e d and s t i l l i n e f f e c t ( K i n g 1990) . There was, 
however, no attempt t o i n s t i t u t e a ban on t h e k i l l i n g o f 
c r o c o d i l e s f o r domestic consumption; t h e government b e l i e v e d the 
p e o p l e would not accept such a ban. T r a d i t i o n a l l y , t h e t a k i n g of 
c r o c o d i l e s b y n a t i v e s f o r f o o d was m i n i m a l and c o n f i n e d t o young 
c r o c o d i l e s and eggs, but h a r v e s t i n g i n c r e a s e d when t h e 
i n t e r n a t i o n a l s k i n t r a d e d e v e l o p e d ( N a t i o n a l Research C o u n c i l 
1983) . 

The n a t i o n a l p l a n c u l m i n a t e d w i t h t h e enactment of t h e 1969 
C r o c o d i l e Trade P r o t e c t i o n A c t which was aimed a t c o n t r o l l i n g the 
e x p o r t t r a d e , e l i m i n a t i n g p r e s s u r e o n b r e e d i n g a d u l t s , and 
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d e v e l o p i n g a n a t i o n w i d e program t o r e a r c r o c o d i l e s t o m a r k e t a b l e 
s i z e . The government s e t up a t h r e e - t i e r e d system of farms w i t h 
l o a n s , t r a i n i n g , and i n f o r m a t i o n a l b o o k l e t s and g u i d e s . I n 
a d d i t i o n , t h e government began e s t a b l i s h i n g t r a i n i n g c e n t e r s and 
r e s e a r c h farms in 1969. By 1975, t h e r e were e i g h t such 
o p e r a t i o n s . 

The Three-Tiered System: The program went i n t o o p e r a t i o n i n 1972 
w i t h t h e c r e a t i o n o f a f i r s t t i e r o f s m a l l v i l l a g e farms, 
e s s e n t i a l l y h o l d i n g pens f o r t h e young c r o c o d i l e s c a p t u r e d b y t h e 
n a t i v e s . Each v i l l a g e had a h o l d i n g c a p a c i t y of 300-500 a n i m a l s . 
S i n c e t h e young have a h i g h n a t u r a l m o r t a l i t y r a t e , i t was 
e x p e c t e d t h a t t a k i n g young would have a m i n i m a l impact on the 
s i z e o f t h e w i l d p o p u l a t i o n . The n a t i v e s soon d i s c o v e r e d , 
however, t h a t they c o u l d not keep h a t c h l i n g s a l i v e . They gave up 
t a k i n g h a t c h l i n g s , and c o n c e n t r a t e d i n s t e a d o n j u v e n i l e s (1-4 
y e a r o l d s , 18-48 i n c h e s l o n g ) . J u v e n i l e s have a good chance of 
s u r v i v i n g i n the w i l d , and t a k i n g them i n s u f f i c i e n t numbers has 
a d i s t i n c t l y n e g a t i v e impact o n the w i l d p o p u l a t i o n . 

The second l e v e l of s m a l l b u s i n e s s farms h e l d up t o 3000 a n i m a l s , 
was l o c a t e d near bush a i r s t r i p s , and had some ready s o u r c e of 
a n i m a l p r o t e i n f o r f e e d ( g e n e r a l l y t r a s h f i s h o r o f f a l ) . T h i s 
second l e v e l of farms s u p p l i e d a t h i r d l e v e l of l a r g e r company 
farms, which had a h o l d i n g c a p a c i t y of up to 20,000 a n i m a l s . 
These l a s t were s u b s t a n t i a l o p e r a t i o n s , r e q u i r i n g about $250,000 
t o e s t a b l i s h ; were l o c a t e d a d j a c e n t t o major p o p u l a t i o n c e n t e r s ; 
and had a r e l i a b l e s u p p l y o f f o o d ( g e n e r a l l y o f f a l from nearby 
p o u l t r y farms) and f r e s h water. 

Each t i e r s o l d s t o c k t o the h i g h e r l e v e l as t h e c r o c o d i l e s grew 
t o market s i z e and moved toward the e x p o r t f a c i l i t i e s . Each 
h i g h e r l e v e l was b e t t e r f i n a n c e d and b e t t e r equipped, and was 
e x p e c t e d t o absorb t h e s t o c k o f t h e lower l e v e l s i n case o f f o o d 
s h o r t a g e s , d r o u g h t s , o r p e r i o d s o f d e p r e s s e d market p r i c e s 
( N a t i o n a l R e s e a r c h C o u n c i l 1983). However, o f t e n when such 
p r e s s u r e s o c c u r r e d , t h e c r o c o d i l e s i n v i l l a g e farms were i n such 
a d e t e r i o r a t e d c o n d i t i o n t h a t the company farms would not accept 
them, and t h e c r o c o d i l e s p e r i s h e d (Ross 1985) . 

In 1981, t h e n a t i o n w i d e f a r m i n g system h e l d a t o t a l of about 
30,000 c r o c o d i l e s . The u l t i m a t e g o a l was to m a i n t a i n a 
p o p u l a t i o n o f 100,000 c r o c o d i l e s , p r o d u c i n g about 30,000 s k i n s 
p e r y e a r f o r e x p o r t . At f u l l o p e r a t i o n t h e government e x p e c t e d 
t o b e a b l e t o p r o v i d e a l l i t s e x p o r t s from c a p t i v e - r e a r e d s t o c k . 
By 1981, however, the system was p e r f o r m i n g f a r below 
e x p e c t a t i o n s : 10,000 s k i n s worth $1-2 m i l l i o n were e x p o r t e d , but 
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o n l y about 1,000 of thes e came from f a r m - r e a r e d s t o c k . The r e s t 
were c u l l e d from the w i l d (Rose 1983). 

The E l e c t i o n of 1980 and the Restructuring of the System: With 
the e l e c t i o n o f 1980, the e n t i r e w i l d l i f e program s u s t a i n e d a 
s e v e r e body blow. A d e v e l o p m e n t - o r i e n t e d , c o n s e r v a t i v e 
government i n t e r e s t e d p r i m a r i l y i n p r o m o t i n g PNG's t i m b e r and 
m i n e r a l r e s o u r c e s came to power. In 1981, t h e budget f o r t h e 
Department of Environment and C o n s e r v a t i o n was cut from t h r e e 
m i l l i o n ( k i n a ) t o h a l f a m i l l i o n and t h e s t a f f from 300 t o 50. 
E x t e n s i o n s e r v i c e s were s e v e r e l y c u r t a i l e d , and U N f i n a n c i a l and 
manpower s u p p o r t was t e r m i n a t e d . 

The c r o c o d i l e program underwent a c o m p l e t e l y r e s t r u c t u r i n g . 
V i l l a g e farms were l a r g e l y abandoned i n PNG i n 1982. With o n l y 
one o r two e x c e p t i o n s the v i l l a g e farms r e v e r t e d t o b e i n g 
c o l l e c t i o n c e n t e r s , h o l d i n g h a t c h l i n g s and j u v e n i l e c r o c o d i l e s 
f o r a b r i e f time f o r the l a r g e commercial r e a r i n g o p e r a t i o n s . 

The r e s t r u c t u r i n g was due o n l y i n p a r t t o t h e change i n regime. 
As e a r l y as 1979 and 1980, UN/FAO a d v i s o r s and o b s e r v e r s 
i n d i c a t e d t h a t v e r y few o f t h e 180 v i l l a g e farms were o p e r a t i n g 
s u c c e s s f u l l y . There were r e p o r t s of s h o r t a g e s of f o o d and water; 
a l a c k o f h y g i e n i c c o n d i t i o n s ; crowded s t o c k i n g c o n d i t i o n s , 
l e a d i n g t o s t r e s s and d i s e a s e ; g e n e r a l n e g l e c t o f t h e s t o c k ; and 
a d e c l i n e i n the number of anim a l s b e i n g r a i s e d . A l l o f t h i s 
s u g g e s t s t h a t t h e r e was waning i n t e r e s t and i n e p t i t u d e o n b e h a l f 
o f t h e v i l l a g e r s i n the f a r m i n g program (Rose 1983). 

T h i s i s p a r t i c u l a r l y d i s c o u r a g i n g i n l i g h t o f the e x t e n t t o which 
t h e government i n i t i a l l y promoted and s u b s i d i z e d t h e program. 
The e n t i r e o p e r a t i o n r e q u i r e d s i z e a b l e s t a r t u p c o s t s , f i n a n c e d 
by t h e c e n t r a l government w i t h development bank and UN b a c k i n g . 
S u b s i d i e s were p r o v i d e d i n t h e form o f l o a n s , t r a i n i n g , f r e q u e n t 
e x t e n s i o n s e r v i c e s , and c e n t r a l l y o r g a n i z e d and c o n t r o l l e d 
m a r k e t i n g . 

Much o f t h e d e t e r i o r a t i o n i n t h e v i l l a g e farm system was 
un d o u b t e d l y due t o t h e t e c h n i c a l d i f f i c u l t i e s a s s o c i a t e d w i t h 
a t t e m p t i n g to impose a r e a r i n g o p e r a t i o n on v i l l a g e r s who were 
used t o h a r v e s t i n g w i l d c r o c o d i l e s f o r t h e s k i n t r a d e . The 
v i l l a g e r s a r e p r i m a r i l y h u n t e r - g a t h e r e r s , u n f a m i l i a r w i t h the 
r e q u i r e m e n t s of o p e r a t i n g a farm t h a t is a s u p p l y s o u r c e f o r an 
i n t e g r a t e d commercial i n d u s t r y . E s t a b l i s h i n g a r e a r i n g o p e r a t i o n 
i n a p r i m i t i v e c u l t u r e undoubtedly r e q u i r e s much more t i m e , 
s u p e r v i s i o n , and f u n d i n g than PNG and UN/FAO were a b l e t o 
p r o v i d e . 
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C a s u a l management p r a c t i c e s on b e h a l f of t h e government p r o b a b l y 
c o n t r i b u t e d t o t h e problems a t the v i l l a g e l e v e l , a s w e l l . 
D u r i n g t h e y e a r s when the s k i n t r a d e f l o u r i s h e d , t h e e x p a t r i a t e 
t r a d e r s m a i n t a i n e d a r e g u l a r s c h e d u l e o f v i s i t s t o t h e v i l l a g e s . 
Under t h e i n t e g r a t e d F e d e r a l system, v i s i t s by p u r c h a s i n g agents 
were much more e r r a t i c (Ross 1985). V i l l a g e r s became d i s c o u r a g e d 
once t h e y r e a l i z e d t h a t they were i n v o l v e d i n a p r o j e c t which d i d 
not g e n e r a t e cash o r b a r t e r rewards a t r e l i a b l e i n t e r v a l s (Rose 
1983). 

Assessment of the O r i g i n a l Design: A l t h o u g h t h e r e were a number 
o f t h i n g s w h i c h l e d t o t h e d e c l i n e i n t h e morale o f t h e v i l l a g e 
c r o c o d i l e f a r m e r s and the d e t e r i o r a t i o n o f t h e farms, t h e 
s t r u c t u r e o f farm p r o p e r t y r i g h t s was d e f i n i t e l y not one o f them. 
In a s o c i e t y which i s p r i m a r i l y communal (such b a s i c a c t i v i t i e s 
a s f o o d g a t h e r i n g and d i s t r i b u t i o n are conducted c o l l e c t i v e l y , 
f o r example), t h e c r o c o d i l e farms were o r g a n i z e d s o a s t o p r o v i d e 
e v e r y i n c e n t i v e t o o p e r a t e them e f f i c i e n t l y . V i l l a g e farmers 
were r e s p o n s i b l e f o r h a r v e s t i n g t h e i r own c r o c o d i l e s (or 
p u r c h a s i n g them from o t h e r h u n t e r s ) and f o r m a i n t a i n i n g t h e i r 
c a p t i v e s t o c k i n s a l a b l e c o n d i t i o n . I n r e t u r n , any revenues from 
s a l e s a c c r u e d to the pen o p e r a t o r s . S i n c e a s t o c k pen is a 
f a i r l y s i m p l e t h i n g t o c o n s t r u c t , and s i n c e t h e government 
g u a r a n t e e d t h e farmers a market, t h e r e was no l a c k of i n c e n t i v e s . 
Indeed, i n any one v i l l a g e t h e r e were as many as a dozen 
c r o c o d i l e farms (Ross 1985). What the p r i v a t e p r o p e r t y r i g h t s 
s t r u c t u r e d i d not d o was c r e a t e a n i n c e n t i v e t o c o n s e r v e w i l d 
c r o c o d i l e s or t h e i r h a b i t a t . That r o l e was l e f t l a r g e l y t o 
government r e g u l a t i o n and the f o r t u i t o u s l o c a t i o n o f t h e h a b i t a t 
r e l a t i v e t o d e v e l o p m e n t a l p r e s s u r e s . 

In PNG, each t r i b e owns the nearby f o r e s t ( i n c l u d i n g any 
c r o c o d i l e h a b i t a t ) communally; n o p o r t i o n o f t h e f o r e s t goes 
u n c l a i m e d . T h i s t e r r i t o r y i s a c t i v e l y p r o t e c t e d . T e r r i t o r i a l 
b o u n d a r i e s have been e s t a b l i s h e d and are r e g u l a r l y defended 
t h r o u g h i n t e r - t r i b a l c o n f l i c t s (King 1985). A l t h o u g h a t r i b e 
w i l l d e f e n d i t s t e r r i t o r y a g a i n s t r a i d s b y a l i e n h u n t e r s , 
o r d i n a r i l y i t does n o t h i n g t o r e s t r i c t t a k i n g o f w i l d l i f e b y 
t r i b a l members. 6 

T h i s system extended t o c r o c o d i l e s . S u b j e c t t o t h e 2 0 i n c h 
b e l l y - w i d t h , l i m i t , c r o c o d i l e s and t h e i r n e s t s b e l o n g e d t o t h e 

6There a r e some e x c e p t i o n s , e.g., p a r a d i s e b i r d s which are 
c o n s i d e r e d t o b e t h e reembodiment o f t h e i r a n c e s t o r s . 
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i n d i v i d u a l who l o c a t e d them. T h i s i s p r e c i s e l y t h e r e c i p e f o r a 
commons: m u l t i p l e , u n r e g u l a t e d e n t i t i e s a l l t r y i n g t o c a p t u r e 
and s e l l as much of the commonly owned c r o c o d i l e p o p u l a t i o n as i s 
p r i v a t e l y p r o f i t a b l e . A l t h o u g h t h e c e n t r a l government encouraged 
t h e t r i b e s t o manage the h a r v e s t i n g by r o t a t i n g h a r v e s t i n g a r e a s , 
few t r i b e s i n i t i a t e d management p r a c t i c e s . 

Three t h i n g s l i m i t e d the p r e s s u r e o n t h e w i l d p o p u l a t i o n s : 

o The government s u c c e s s f u l l y m o n o p o l i z e d t h e t r a d e in 
c r o c o d i l e s . I l l e g a l t r a d e was c o n t r o l l e d , and a s a 
monopsonist, t h e government o n l y p r o v i d e d a market f o r 
j u v e n i l e s and h a t c h l i n g s . 

o As e x t e n s i v e as the h a r v e s t of j u v e n i l e s and h a t c h l i n g s was, 
i t e v i d e n t l y was not s o e f f i c i e n t a s t o p r e v e n t r e c r u i t m e n t 
t o t h e b r e e d i n g s t o c k . 

o The n a t i v e p o p u l a t i o n was s m a l l enough t h a t t h e impact of 
any t a k i n g o f c r o c o d i l e s ( a d u l t s , j u v e n i l e s , and h a t c h l i n g s ) 
or eggs f o r s e l f - c o n s u m p t i o n had de m i n i m i s impact on t h e 
w i l d p o p u l a t i o n s . 

Remoteness was t h e p r i m a r y s a v i o r o f t h e h a b i t a t . The c r o c o d i l e 
h a b i t a t i s l o c a t e d i n t h e swampy l o w l a n d s , and most of t h e 
development ( l u m b e r i n g , m i n e r a l e x t r a c t i o n , and monoculture) 
o c c u r s e l s e w h e r e . Thus, a l t h o u g h some i n c r e a s e in the pace of 
development o c c u r r e d under t h e c o n s e r v a t i v e government, i t 
p r o b a b l y had l i t t l e impact on t h e c r o c o d i l e s and t h e i r h a b i t a t . 
F u r t h e r , i t would b e m i s l e a d i n g t o i m p l y t h a t o n l y t h e 
c o n s e r v a t i v e government promoted t h e development o f e x t r a c t i v e 
i n d u s t r i e s . With t h e change in regimes t h e r e was merely a change 
in emphasis. T i m b e r i n g and m i n i n g have been conducted f o r some 
time in PNG. They r e p r e s e n t an i m p o r t a n t s o u r c e of revenue and 
employment, and t h e r e t u r n s are such t h a t t h i s t y p e of a c t i v i t y 
w i l l c o n t i n u e no m a t t e r which government i s i n power ( B r u n i n g 
1985). I f e c o n o m i c a l l y e x p l o i t a b l e m i n e r a l r e s e r v e s are e v e r 
d i s c o v e r e d i n t h e l o w l a n d s , the c r o c o d i l e h a b i t a t w i l l b e 
t h r e a t e n e d . 

S i n c e t h e h a b i t a t i s communally owned, i n d i v i d u a l , p r i v a t e 
p r o p e r t y r i g h t s cannot p l a y a r o l e i n c o n s e r v i n g t h e h a b i t a t . 
But t h e manner i n which communal p r o p e r t y r i g h t s are s t r u c t u r e d 
i n PNG c e r t a i n l y w i l l p l a y a r o l e i n p r o t e c t i n g t h e h a b i t a t from 
c o n v e r s i o n and development. Under t h e c o n s t i t u t i o n , unanimous 
consent o f t r i b a l members i s r e q u i r e d f o r a change i n l a n d use 
(King 1990). G i v e n t h e n a t i v e p e o p l e s ' p r e f e r e n c e f o r t h e i r 
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t r a d i t i o n a l l i f e s t y l e , t h i s l e g a l s t r u c t u r e stands a s a 
f o r m i d a b l e o b s t a c l e t o development. O f c o u r s e , i f t h e m i n e r a l o r 
t i m b e r r e s o u r c e s are v a l u a b l e enough, the l e g a l s t r u c t u r e may 
become v u l n e r a b l e , or the development d e c i s i o n may be made i n an 
e x t r a l e g a l manner. Such t h i n g s have been known t o happen i n 
d e v e l o p i n g c o u n t r i e s . 

The E l e c t i o n of 1983 and the Revival of the Conservation Program: 
In 1983, t h e c o n s e r v a t i o n - o r i e n t e d government was r e i n s t a t e d and 
began t r y i n g t o r e s u s c i t a t e t h e w i l d l i f e p r o j e c t s . Many o f t h e 
p r o j e c t s had a l r e a d y been c l o s e d o r d r a s t i c a l l y r e d u c e d i n s i z e . 
Emphasis was p l a c e d o n the i n s e c t and c r o c o d i l e p r o j e c t s . P l a n s 
to e x t e n d f a r m i n g to o t h e r s p e c i e s were abandoned, and have never 
been r e v i v e d . 

No attempt was made t o r e t u r n the v i l l a g e c r o c o d i l e farms t o a 
n u r s e r y s t a t u s . I n s t e a d , the v i l l a g e s farms c o n t i n u e d t o b e 
m a i n t a i n e d m e r e l y a s c o l l e c t i o n s c e n t e r s and s h o r t - t e r m h o l d i n g 
o p e r a t i o n s f o r h a t c h l i n g s and j u v e n i l e s . The second l e v e l 
r e a r i n g farms were c o n s o l i d a t e d i n t o t h r e e l a r g e e n t i t i e s . I t 
was c l e a r t h a t t h e e r r a t i c n a t u r e o f t h e v i s i t s t o t h e v i l l a g e s 
b y t h e r e a r i n g farm p u r c h a s i n g agents had p l a y e d a p i v o t a l r o l e 
i n t h e d e t e r i o r a t i o n o f the system. Managers a t t h e r e a r i n g 
farms f o c u s s e d o n d e v e l o p i n g r e l i a b l e s c h e d u l e s , and t o d a y , 
p u r c h a s i n g agents make r e g u l a r monthly p i c k u p s at t h e v i l l a g e s . 

A f t e r t h e UN/FAO t e r m i n a t e d i t s s u p p o r t , t h e government abandoned 
census t a k i n g . A r g u i n g t h a t a w i l d p o p u l a t i o n cannot be managed 
w i t h o u t a census, UN/FAO o f f i c i a l s t h r e a t e n e d t o p e t i t i o n CITES 
t o t r a n s f e r PNG c r o c o d i l e s from Appendix I I t o Appendix I . Trade 
i n Appendix I s p e c i e s i s much more r e s t r i c t e d . The r e a r i n g farm 
o p e r a t o r s came f o r w a r d , o f f e r e d t o f i n a n c e t h e census t a k i n g , and 
c o n t r a c t e d w i t h UN/FAO t o conduct t h e work from h e l i c o p t e r s . 

The government became i n c r e a s i n g l y concerned t h a t t h e v i l l a g e 
farms, even i n t h e i r a l t e r e d r o l e a s c o l l e c t i o n c e n t e r s and even 
w i t h r e g u l a r l y s c h e d u l e d p i c k u p s , were h a v i n g a n u n a c c e p t a b l e and 
u n n e c e s s a r i l y l a r g e impact o n t h e p o p u l a t i o n , o f h a t c h l i n g s . I t 
was d e c i d e d t h a t t h e s u r v i v a l r a t e , b o t h i n c a p t i v i t y and i n the 
w i l d , c o u l d b e improved i f t h e r e a r i n g farms expanded i n t o 
h a t c h e r i e s . A s a r e s u l t , a n e n t i r e l y d i f f e r e n t c o l l e c t i o n and 
i n c e n t i v e system has been i n s t i t u t e d at t h e v i l l a g e l e v e l . 

A f t e r l o c a t i n g n e s t s from the a i r , UN/FAO c e n s u s - t a k i n g s t a f f 
r e t u r n t o t h e v i l l a g e s , and t r a v e l w i t h t h e v i l l a g e farm 
o p e r a t o r s i n t o t h e bush t o r e t r i e v e eggs from t h e n e s t s . The 
r e a r i n g farms pay the v i l l a g e c h i e f s $1.50 p l u s one c h i c k e n egg 
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f o r each c r o c o d i l e egg, and the funds and eggs are d i s t r i b u t e d 
communally. The c h i c k e n eggs r e p l a c e c r o c o d i l e eggs i n t h e 
n a t i v e s ' d i e t and e l i m i n a t e any i n c e n t i v e t o c o l l e c t t h e 
c r o c o d i l e eggs f o r consumption. 

The e n t i r e system seems t o be f u n c t i o n i n g w e l l . The w i l d 
p o p u l a t i o n i s h e a l t h y and growing, and r e a r i n g farm revenues are 
up. A l t h o u g h v i l l a g e r s s t i l l t a k e j u v e n i l e s and s m a l l a d u l t s f o r 
t h e h i d e t r a d e , most s k i n s come from t h e f a r m - r e a r e d s t o c k , 
e x a c t l y t h e r e v e r s e o f the s i t u a t i o n i n t h e e a r l y 1980s. 

It is not apparent t h a t a more s y s t e m a t i c management arrangement 
has been a p p l i e d t o the commons. The 2 0 - i n c h , b e l l y - w i d t h 
p r o h i b i t i o n s e r v e s a s the major r e g u l a t o r y c o n s t r a i n t , but w i t h 
t h e r e a r i n g farms w i l l i n g t o purchase a l l l e g a l specimens, the 
r e a l c o n s t r a i n t o n the e x t e n t o f the t a k e appears t o b e t h e 
i n a b i l i t y o f t h e n a t i v e s t o c a p t u r e so many young c r o c o d i l e s as 
t o j e o p a r d i z e the b r e e d i n g p o p u l a t i o n . 

As a c o n s e r v a t i o n i s t , I am happy f o r t h e c r o c o d i l e s . As an 
e c o n o m i s t , however, I am d i s a p p o i n t e d t h a t p r i v a t e i n c e n t i v e s do 
not seem t o have p l a y e d a g r e a t e r r o l e i n t h e t r a n s f o r m a t i o n o f 
the system. The e n t i r e i n c e n t i v e system a t t h e v i l l a g e l e v e l has 
been r e p l a c e d w i t h a system i n which g a i n s are d i s t r i b u t e d 
communally. A l b e i t , the o r i g i n a l d e s i g n l a c k e d a f e a t u r e t o 
i n d u c e c o n s e r v a t i o n of the w i l d , and needed to be supplemented 
w i t h a s t r a t e g y f o r managing the commons. But, now a system has 
been adopted which shares a l l g a i n s communally, makes v e r y l i t t l e 
use o f p r i v a t e i n c e n t i v e s , and s t i l l l a c k s a s a t i s f y i n g s t r a t e g y 
f o r managing t h e commons. Perhaps i n s o c i e t i e s which are used t o 
f u n c t i o n i n g communally, such arrangements w i l l work j u s t f i n e . 
And perhaps economists need t o b e l e s s o r t h o d o x i n t h e i r 
c o n s i d e r a t i o n of management mechanisms and i n c e n t i v e systems. 

BUTTERFLIES 

H a b i t a t m o d i f i c a t i o n has taken i t s t o l l on b u t t e r f l i e s throughout 
the w o r l d . D e f o r e s t a t i o n i n t h e t r o p i c s and w e t l a n d c o n v e r s i o n 
and e n v i r o n m e n t a l d e g r a d a t i o n in more d e v e l o p e d a r e a s have 
r e s u l t e d i n t h r e a t s t o a number o f s p e c i e s and e x t i n c t i o n f o r 
s e v e r a l o t h e r s . 

A l t h o u g h PNG has been spared t h e s e b y - p r o d u c t s of development and 
remains l a r g e l y a n u n d i s t u r b e d r a i n f o r e s t p o p u l a t e d b y f o r e s t 
f a r m e r s , i t s b u t t e r f l i e s have s t i l l come under s t r e s s from 
c o l l e c t o r s , commercial h u n t e r s , and t r a d e r s . B y t h e mid-1960s, 
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b u t t e r f l y c o l l e c t i n g and commercial h a r v e s t i n g , which had been 
g o i n g o n s i n c e t h e t u r n o f t h e c e n t u r y , had reached such 
p r o p o r t i o n s t h a t s e v e r a l o f t h e most e x o t i c s p e c i e s (the 
b i r d w i n g s ) were endangered. 

PNG moved t o p r o t e c t i t s b u t t e r f l i e s , g o i n g so f a r as t o 
s t i p u l a t e i n i t s c o n s t i t u t i o n t h a t i n s e c t c o n s e r v a t i o n i s a 
n a t i o n a l o b j e c t i v e . The government t o o k i t s f i r s t p r o t e c t i v e 
s t e p s t o w a r d b u t t e r f l i e s i n 1966: c o l l e c t i n g and t r a d i n g i n 
seven s p e c i e s o f b i r d w i n g b u t t e r f l i e s were p r o h i b i t e d , l a r g e 
f i n e s were i n s t i t u t e d , and p e n a l t i e s r a n g i n g t o d e p o r t a t i o n were 
implemented. Soon t h e r e a f t e r , p r e s e r v e s were e s t a b l i s h e d , and 
r e s e a r c h u n d e r t a k e n t o promote t h e r e c o v e r y o f d e p l e t e d s p e c i e s . 
I n 1974, i t i n i t i a t e d i t s b u t t e r f l y f a r m i n g program. I n 1975, i n 
an e f f o r t t o r e t a i n a monopoly i n PNG's unique v a r i e t i e s o f 
b u t t e r f l i e s and t o r e s e r v e any economic r e t u r n s f o r PNG n a t i v e s , 
t h e government p r o h i b i t e d f o r e i g n e r s from engaging i n commercial 
t r a d e i n b u t t e r f l i e s , and forbade t h e e x p o r t o f l i v e specimens 
( N a t i o n a l Research C o u n c i l 1983). 

The Nature of the Butterfly Trade: A l t h o u g h b u t t e r f l i e s 
p o l l i n a t e c r o p s and f l o w e r s and s e r v e a n i m p o r t a n t r o l e i n t h e 
f o o d c h a i n , c o m m e r c i a l l y they are v a l u e d o n l y f o r t h e i r a e s t h e t i c 
q u a l i t i e s . Taiwan, Korea, and M a l a y s i a m a i n t a i n f a c t o r y - l i k e 
o p e r a t i o n s where specimens are mounted i n p l a s t i c and g l a s s , on 
t r a y s , c o a s t e r s , t a b l e t o p s , d e c o r a t i v e s c r e e n s , and even o n items 
o f such q u e s t i o n a b l e t a s t e a s c l e a r p l a s t i c t o i l e t s e a t s . 
S i m i l a r b u t somewhat s m a l l e r e n t e r p r i s e s f l o u r i s h i n Honduras, 
Hong Kong, t h e P h i l i p p i n e s , and s e v e r a l A f r i c a n n a t i o n s . 

The t r a d e i s d i v i d e d between c o l l e c t o r - e x o t i c s and common 
orn a m e n t a l v a r i e t i e s , and i s e x t e n s i v e . Taiwan a l o n e s e l l s a n 
e s t i m a t e d 15-500 m i l l i o n specimens a n n u a l l y ; t h e t a k e o f b l u e 
Morphos from t h e South American t r o p i c s i s r o u g h l y 5 0 m i l l i o n p e r 
y e a r ( N a t i o n a l Research C o u n c i l 1983). D e s p i t e t h e magnitude o f 
t h e h a r v e s t , w i l d p o p u l a t i o n l e v e l s i n Taiwan seem t o have been 
u n a f f e c t e d , and b i o l o g i s t s e s t i m a t e t h a t r e p r o d u c t i o n r a t e s are 
such t h a t t h e h a r v e s t from South A m e r i c a c o u l d b e d o u b l e d w i t h o u t 
d e t r i m e n t . 

A l t h o u g h t h e v a s t m a j o r i t y o f t h e specimens i n t r a d e are 
c o l l e c t e d d i r e c t l y from t h e w i l d , i n c r e a s i n g numbers a r e b e i n g 
s u p p l i e d by b r e e d i n g farms. A l i m i t e d amount of f a r m i n g i s done 
i n A u s t r a l i a , M a l a y s i a , and t h e American t r o p i c s , but i n PNG 
b u t t e r f l y f a r m i n g i s conducted o n a n a m b i t i o u s s c a l e . There were 
500 farms o p e r a t i n g in 1978, and a l t h o u g h I do not know t h e 
c u r r e n t number, t h e r e are s i g n i f i c a n t l y more than t h a t now. 
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Farming i n PNG: The farms are o p e r a t e d by v i l l a g e r s who p l a n t 
f l o w e r i n g h i b i s c u s t o a t t r a c t a d u l t b u t t e r f l i e s and l e a f y p l a n t s 
f o r c a t e r p i l l a r s t o f e e d on. A f t e r mating, t h e females l a y t h e i r 
eggs o n t h e p l a n t s which support t h e l a r v a e . I n t u r n , t h e l a r v a e 
a t t a c h c h r y s a l i s e s t o t h e u n d e r s i d e s o f t h e l e a v e s . H a r v e s t i n g , 
p r e s e r v i n g , and p a c k a g i n g the specimens f o r shipment t o t h e 
government m a r k e t i n g agency, IFTA ( I n s e c t Farming and T r a d i n g 
Agency) i n B u l o l o are d e l i c a t e m a t t e r s , and t i m i n g i s c r i t i c a l . 
That some t e c h n i c a l s k i l l i s r e q u i r e d i s apparent from t h e f a c t 
t h a t i n 1978, o n l y 50 of PNG's 500 farmers were c o n s i s t e n t l y a b l e 
t o s u p p l y m a r k e t a b l e specimens. 

A l t h o u g h t h e farms are run i n d e p e n d e n t l y , the government 
m a i n t a i n s c o n t r o l over a l l o t h e r a s p e c t s o f b u t t e r f l y 
c o n s e r v a t i o n and t r a f f i c k i n g . IFTA t r a i n s v i l l a g e f a r m e r s , does 
r e s e a r c h d e s i g n e d t o i n c r e a s e p r o d u c t i v i t y , and o p e r a t e s a 
m a r k e t i n g co-op, t a k i n g and f i l l i n g a l l o r d e r s and m a i n t a i n i n g 
q u a l i t y c o n t r o l , f o r which i t r e t a i n s 2 5 p e r c e n t o f t h e p r o f i t s . 

•Despite t h e s c a l e o f t h e f a r m i n g program, c u l t i v a t e d b u t t e r f l i e s 
account f o r a r e l a t i v e l y s m a l l p r o p o r t i o n ( r o u g h l y a t h i r d ) o f 
t h e specimens marketed, the r e s t b e i n g c o l l e c t e d d i r e c t l y from 
t h e f i e l d (Orsak 1990). Farmed specimens g e n e r a t e about h a l f of 
t h e revenue, however, r e f l e c t i n g t h e f a c t t h a t g i v e n t h e c o s t s 
i n v o l v e d , i t i s o n l y e c o n o m i c a l t o r a i s e t h e most v a l u a b l e 
s p e c i e s . 

In i t s e a r l y y e a r s t h e program was p r e t t y modest as a revenue 
r a i s e r : $180,000 was d i s t r i b u t e d t o t h e v i l l a g e s d u r i n g t h e 
f i r s t seven y e a r s o f o p e r a t i o n (1974-81). There was s i g n i f i c a n t 
p o t e n t i a l f o r growth, however, si n c e . IFTA was a b l e t o f i l l l e s s 
t han 10 p e r c e n t of t h e o r d e r s i t r e c e i v e d . In 1981, PNG's 
a s p i r a t i o n s were to e x p o r t 5,000-10,000 specimens a month and 
g e n e r a t e $120,000 income per y e a r f o r t h e v i l l a g e r s . C u r r e n t l y , 
t h e program g r o s s e s r o u g h l y $300,000 p e r y e a r , w h i c h even in 1981 
d o l l a r s i s almost t w i c e e x p e c t a t i o n s (Orsak 1990). 

Assessment: There are s e v e r a l reasons f o r PNG's s u c c e s s i n 
s t o p p i n g t h e d e p l e t i o n o f w i l d b u t t e r f l y p o p u l a t i o n s , but none o f 
them has t o d o w i t h t h e e s t a b l i s h m e n t o f p r i v a t e p r o p e r t y r i g h t s 
over what was f o r m e r l y a common p r o p e r t y r e s o u r c e . The farms are 
s a t e l l i t e e n t i t i e s , dependent upon the w i l d . They t a k e from the 
w i l d and may, b y augmenting h a b i t a t , s t i m u l a t i n g r e p r o d u c t i o n , 
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and r e l e a s i n g u n h a r v e s t e d specimens, even add t o t h e w i l d . 7 I n 
and of t h e m s e l v e s , however, the farms do n o t h i n g to p r e v e n t 
o v e r h a r v e s t i n g o f w i l d b u t t e r f l i e s (which e x c e p t f o r b i r d w i n g s 
remain an u n r e g u l a t e d , common p r o p e r t y r e s o u r c e ) or c r e a t e a 
p r i v a t e i n c e n t i v e f o r the p r e s e r v a t i o n o f w i l d h a b i t a t where n o 
i n c e n t i v e e x i s t e d p r e v i o u s l y . R a t h e r , i t i s t h e u n d e r l y i n g 
c o n d i t i o n s . . . economic, e n v i r o n m e n t a l , and a n t h r o p o l o g i c a l . . . 
t o g e t h e r w i t h government r e g u l a t i o n which account f o r t h e 
r e p l a c e m e n t of an o v e r - e x p l o i t e d commons w i t h a commercial 
s t r u c t u r e c o n s i s t e n t w i t h c o n s e r v a t i o n . 

The t r a g e d y o f t h e commons was c i r c u m v e n t e d l a r g e l y because th e 
government moved t o e x e r c i s e c o n t r o l o ver t h e w i l d . The most 
v u l n e r a b l e s p e c i e s (the b i r d w i n g s ) were p r o t e c t e d . A l t h o u g h 
o t h e r s p e c i e s remained common p r o p e r t y and h a r v e s t i n g of them 
from t h e w i l d c o n t i n u e d apace, they seemed a b l e t o s u s t a i n the 
p r e s s u r e , and e x t e n s i o n o f p r o t e c t i v e c o n t r o l s was. unnecessary. 

Government management of the commons was c r u c i a l f o r the 
c o n s e r v a t i o n o f the b u t t e r f l i e s , but e q u a l l y a s i m p o r t a n t i s t h e 
remoteness of t h e h a b i t a t and t h e absence of any immediate t h r e a t 
from development. A l t h o u g h PNG's b u t t e r f l y i n d u s t r y i s 
s u c c e s s f u l beyond the a u t h o r i t i e s e x p e c t a t i o n s , i t g e n e r a t e s too 
l i t t l e revenue t o s t a v e o f f d e f o r e s t a t i o n i f i t were imminent. 8 

I t i s t h e c o m b i n a t i o n o f s i g n i f i c a n t development ( l u m b e r i n g , 
m o n o c u l t u r e , m i n e r a l e x p l o i t a t i o n , o r s h i f t i n g a g r i c u l t u r e ) not 
b e i n g imminent t o g e t h e r w i t h government r e s t r i c t i o n s o n b u t t e r f l y 
h a r v e s t i n g and t r a d e t h a t accounts f o r PNG's s u c c e s s f u l 
s u b s t i t u t i o n o f a b u t t e r f l y i n d u s t r y i n harmony w i t h t h e 
environment f o r one which promised not to be. 

The n a t i v e s a r e p r i m a r i l y g a t h e r e r s not c u l t i v a t o r s , and hence, 
t h e y p u t l i t t l e p r e s s u r e on the f o r e s t ; 9 much of t h e c o u n t r y ' s 
t i m b e r and m i n e r a l r e s o u r c e s are t o o remote and i n a c c e s s i b l e t o 

7Even i f n o o v e r h a r v e s t i n g o c c u r s , t h e farms may not b e 
n e u t r a l i n t h e i r impact on the w i l d . Because t h e y are managed f o r 
p r o d u c t i o n o f t h e most p r o f i t a b l e s p e c i e s , r e l e a s e d specimens may 
change t h e r e l a t i v e p o p u l a t i o n l e v e l s i n t h e w i l d . Most e x p e r t s 
c o n s i d e r t h i s a remote p o s s i b i l i t y , however. 

8 C o f f e e growing i s an a l t e r n a t i v e f o r some of t h e b u t t e r f l y 
h a b i t a t , and Orsak b e l i e v e s t h a t t h e revenue g e n e r a t e d b y b u t t e r f l y 
f a r m i n g i s s u f f i c i e n t t o prevent c o n v e r s i o n t o c o f f e e (Orsak 1990). 

9 S l a s h and burn a g r i c u l t u r e i s p r a c t i c e d i n some p a r t s of PNG. 
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make e x p l o i t a t i o n a t t r a c t i v e ; and o v e r h a r v e s t i n g i s r e s t r i c t e d by 
government p r o h i b i t i o n s , made e a s i e r by n a t i v e s i n t e r e s t e d i n 
p r e s e r v i n g t h e i r t r a d i t i o n a l l i f e s t y l e and s y m p a t h e t i c w i t h t h e 
o b j e c t i v e s o f the c o n s e r v a t i o n programs. I f t h e s e c o n d i t i o n s 
c o u l d be d u p l i c a t e d elsewhere, t h e r e would not be much need t o 
e s t a b l i s h economic i n c e n t i v e s t o c o n s e r v e t h e w i l d . 

C o n c e i v a b l y , the j o i n t revenues from m u l t i p l e commercial w i l d l i f e 
programs c o u l d be s u f f i c i e n t t o make d e f o r e s t a t i o n and 
t r a d i t i o n a l development uneconomic, but I doubt i t . As we have 
seen, t h e w i l d l i f e programs a r e a p r e c a r i o u s arrangement, 
v u l n e r a b l e t o the whims o f p o l i t i c a l change. I f t r a d i t i o n a l 
development i s s t a l l e d , i t i s much more l i k e l y t o be due t o t h e 
magnitude o f the d i r e c t c o s t s a s s o c i a t e d w i t h a c h i e v i n g i t than 
t o t h e magnitude o f the r e t u r n s from m a r k e t i n g w i l d l i f e . 

CONCLUSIONS 

I t became f a s h i o n a b l e d u r i n g t h e l a s t decade, a t l e a s t i n c e r t a i n 
c i r c l e s , t o m a i n t a i n t h a t the market can s o l v e v i r t u a l l y e v e r y 
a l l o c a t i o n problem, even t h o s e i n v o l v i n g e n v i r o n m e n t a l r e s o u r c e s . 
In i t s p u r e s t form, t h i s , i s f a n c i f u l . M a r kets f u n c t i o n b e s t when 
v a l u e s a r e w e l l - c a p t u r e d by market s i g n a l s ; when r e s o u r c e s move 
e a s i l y i n s m a l l increments from one a c t i v i t y t o t h e n e x t ; when 
a c t i o n s a r e r e v e r s i b l e ; and when t h e consequences o f a c t i o n s are 
well-known and c l o s e a t hand r a t h e r t h a n u n c e r t a i n and d i s t a n t i n 
t i m e . These c o n d i t i o n s are f r e q u e n t l y not met f o r e n v i r o n m e n t a l 
c o n s i d e r a t i o n s . 

I f t h e concept o f p r o p e r t y r i g h t s i s broadened t o i n c l u d e the 
e x e r c i s e o f government a u t h o r i t y over t h e e n v i r o n m e n t a l commons, 
t h e o p p o r t u n i t i e s f o r u t i l i z i n g economic i n c e n t i v e s f o r 
c o n s e r v a t i o n are g r e a t l y expanded. W i t h n o c l a i m t o e i t h e r t h e i r 
n e c e s s i t y o r s u f f i c i e n c y , the f o l l o w i n g c o n d i t i o n s a r e l i s t e d a s 
f a v o r i n g t h e replacement of a commons w i t h c o m m e r c i a l i z a t i o n 
c o n s i s t e n t w i t h c o n s e r v a t i o n : 

o H a b i t a t has r e l a t i v e l y low v a l u e i n a l t e r n a t i v e u s e s ; 

o Government is s t a b l e and committed to c o n s e r v a t i o n and 
management of t h e commons; 

o P r o p e r t y r i g h t s can be e s t a b l i s h e d t h a t are not 
p r o h i b i t i v e l y e x p e n s i v e t o e n f o r c e ; 



23 

o S p e c i e s and t h e i r h a b i t a t can b e i n s u l a t e d from t h e e f f e c t s 
of c o n t i g u o u s development; and 

o Owners o f w i l d l i f e r e s o u r c e s can compete e f f e c t i v e l y w i t h 
e i t h e r poachers o r m a n u f a c t u r e r s o f s y n t h e t i c s u b s t i t u t e s . 

The a n a l y s i s o f t h e case s t u d i e s s u g g e s t s t h a t a l t h o u g h i t i s 
o f t e n d i f f i c u l t t o r e a l i z e such c o n d i t i o n s , t h e r e are 
o p p o r t u n i t i e s f o r c o n s e r v i n g w i l d l i f e b y s u b s t i t u t i n g p r o p e r t y 
r i g h t s s t r u c t u r e s f o r u n c o n t r o l l e d commons. Such s t r u c t u r e s w i l l 
not n e c e s s a r i l y be s e l f - e n f o r c i n g , however. They w i l l r e q u i r e 
v a r y i n g degrees of government s u p p o r t , management, and r e g u l a t i o n 
t o b e s u c c e s s f u l . 

Of t h e c a s e s c o n s i d e r e d , the management arrangements f o r the 
s e a b i r d s i n I c e l a n d come c l o s e s t t o t h e pure p r o p e r t y r i g h t s 
paradigm. Most o f t h e b r e e d i n g grounds f o r e i d e r s are p r i v a t e l y 
owned and farmed. Government p r o t e c t i o n is extended to e i d e r s on 
l a n d s t h a t a r e not farmed. For the o t h e r s e a b i r d s , l o c a l 
a u t h o r i t i e s (and, i n some cases, p r i v a t e owners) l e a s e t h e 
h a r v e s t i n g r i g h t s , but t h e government r e g u l a t e s h u n t i n g methods, 
s o a s t o a v o i d t a k i n g o f b r e e d i n g a d u l t s . The b i r d s have f a r e d 
f a r b e t t e r t h a n under a commons. 

The system f o r h a r v e s t i n g c r o c o d i l e s i n PNG s t i l l r e t a i n s 
i m p o r t a n t a s p e c t s of a commons. A l t h o u g h t h e n a t i v e s cannot t a k e 
specimens w h i c h a r e l a r g e r t h a n a s p e c i f i e d s i z e , t h e r e i s n o 
l i m i t on t h e magnitude of the h a r v e s t o f eggs and h a t c h l i n g s or 
o f j u v e n i l e s and a d u l t s w i t h i n the s i z e c o n s t r a i n t . The system 
of v i l l a g e farms has e v o l v e d from one which made a g r e a t d e a l of 
use o f p r i v a t e i n c e n t i v e s , but needed a s t r a t e g y f o r managing the 
commons t o one which d i s t r i b u t e s g a i n s communally, and c o n t i n u e s 
t o l a c k a c o m p l e t e l y s a t i s f a c t o r y s t r a t e g y f o r managing t h e w i l d . 
D r a m a t i c improvement i n the s t a t u s o f t h e c r o c o d i l e s s i n c e the 
days when t h e i n t e r n a t i o n a l s k i n t r a d e brought them t o t h e b r i n k 
o f e x t i n c t i o n i s due l a r g e l y t o : government r e s t r i c t i o n s o n the 
t a k i n g o f a d u l t b r e e d e r s and v i r t u a l e l i m i n a t i o n o f any i l l e g a l 
commerce; t h e remoteness of t h e h a b i t a t r e l a t i v e t o developmental 
p r e s s u r e s ; and t h e a b i l i t y o f the c r o c o d i l e p o p u l a t i o n t o s u s t a i n 
t h e h a r v e s t o f young and s t i l l grow. 

S i m i l a r l y , t h e d e p l e t i o n of PNG's t h r e a t e n e d b u t t e r f l y 
p o p u l a t i o n s was i n t e r r u p t e d , not because p r i v a t e p r o p e r t y r i g h t s 
r e p l a c e d t h e commons, but because t h e government e x e r t e d c o n t r o l 
over t h e h a r v e s t and p r o t e c t e d t h e most v u l n e r a b l e s p e c i e s . The 
farms a r e s a t e l l i t e e n t i t i e s on the p e r i p h e r y o f t h e commons, and 
remain dependent upon t h e commons f o r t h e i r b r e e d i n g s t o c k . The 



h a b i t a t i t s e l f remains l a r g e l y u n d i s t u r b e d because of i t s 
remoteness and t h e absence o f p r e s s u r e f o r t r a d i t i o n a l 
development, t h e i n t e r e s t o f the n a t i v e s i n p r e s e r v i n g t h e i r 
t r a d i t i o n a l l i f e s t y l e , and a c o n s t i t u t i o n which r e q u i r e s 
unanimous consent by t r i b a l members f o r c o n v e r s i o n t o o c c u r . 
C l e a r l y , t h e b u t t e r f l y revenue h e l p s t o s u s t a i n t h e n a t i v e s , but 
i t i s p r o b a b l y not s u f f i c i e n t l y l u c r a t i v e t o d i s p l a c e t r a d i t i o n a l 
development i f i t were a t h r e a t . 

A l t h o u g h t h e r e are o p p o r t u n i t i e s f o r u t i l i z i n g market mechanisms 
f o r c o n s e r v i n g w i l d l i f e and s u b s t i t u t i n g p r o p e r t y r i g h t s f o r 
unmanaged commons, one cannot be t o o o p t i m i s t i c t h a t t h i s 
s t r a t e g y can b e w i d e l y a p p l i e d and s u s t a i n e d . I t t a k e s c a r e f u l 
p l a n n i n g t o d e s i g n the a p p r o p r i a t e economic i n c e n t i v e s and 
s u p p o r t from government a u t h o r i t i e s to implement them and e n f o r c e 
t h e p r o p e r t y r i g h t s . LDCs have immediate and overwhelming 
economic and p o l i t i c a l problems, and t h e l i k e l i h o o d t h a t f u t u r e 
e c o l o g i c a l consequences w i l l be h e a v i l y d i s c o u n t e d i n f a v o r of 
s h o r t - r u n b e n e f i t s from development remains s t r o n g . 
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