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1 . A i 111 

S t u d i e s on f e a s i b i l i t i e s o f c o n s e r v a t i o n measures 

- hatc .hery o p e r a t i o n , es t a b l i shment of a q u a c l u t u r e 

r e s e a r c h s t a t i o n - f o r p e j e r r e y ( iB. b o n a r i e n s i s ) 

r e s o u r c e s i n Lago Poopo, and o f p r o c e s s i n g f a c i l i t i e s 

f o r a d d i t i o n a l va lúes on the p e j e r r e y c a t c h e s . 

2. Date 

From 13 November to 12 December, 1987 

3. L o c a t i on 

Lago Poopo, O r u r o , S o l i v i a 

4. Env i ronment 

Lago Poopo i s l o c a t e d between l a t i t u d e s 18°21 ' 

and 1 9 ° 1 0 ' S . and between l o n g i t u d e s 66°50 ' and 57°24 

W., I t o ccup ies a ve ry sha l lov / d e p r e s s i o n i.n the A l -

t i p l a n o o n l y a few ineters below the genera l l e v e l 

o f the s u r r o u n d i n g land and i s nov;here more than 6 
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( F o r s t e r , 1985 ) . The mean s u r f a c e area of the l ake 

has no t been e x a c t l y measured but e s t i m a t e d g r e a t e r 

than 600 Km2 i n 1985 ( F o r s t e r , 1985) or 2500 Km^ a t 

low s fage (Encyc1opaed i a B r i t a n i c a , 1970 ) . 

í t i s v e r y s h a l l o w but wide l ake and consequen-

t l y s u s c e p t i b l e to e n v i r o n m e n t a l f a c t o r s i n i t s 

l i m n o l o g i c a l c h a r a c t e r s . The d i mate of the r e g i ó n 

i s c o l d and a r i d w i t h ext reme t e m p e r a t u r e s i n w i n -

t e r r e a c h i n g s e v e r a l degrees below ¿ e r o , and i n 

summer, 20°C ( F o r s t e r , 1985) . The annual p r e c i p i t a -

t i o n i s around 300 mm and e v a p o r a t i o n i s ' o f the o r -

der 1500 mm (Carmouze e t a l , 1977) . 

' The main i n f l o w to Lago Poopo i s f rom Lago T i -

t . . v - - t i c a c a v i a the Rio Desaguadero, and the o n l y v i s i -

b le o u t l e t moves undernea th the sand and empt ies 

i n t e the Sala de Coipasa v i a the Rio L a c a j a h u i r a . 

The l a r g e r p a r t of the i n f o l w of the lake seems 

to be e v a p o r a t e d p r o v i d i n g , t h e s a l i n i t y h i gh up to 

7 - 20 7oo ( M i n , Oec. 1987 ) . 

I 

The d r o u g h t and subsequent d r y i n g up of Lago 

Uru Uru and the c o n s i d e r a b l e r e g r e s s i o n of Lago 
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Poopo i n 1983 ( F o r s t e r , 1985 ) , and the i n u n d a t i o n 

making the l ake reach somecimes a lmos t to O r u r o , 

f u l l y 30 m i . f roni the l o w - w a t e r shore ( E n c y c l o p a e -

d ia B r i t a n i c a , 1970) are b e l i e v e d to be a l t e r n a t i v e 

and u n i s o l a t e d e v e n t s . In a d d i t i o n to seasonal 

cahnges , f 1 u c t u a t i o n s of 1 imno1ogica1 and f i s h e r i e s 

- b i o l o g i c a l pa ramete rs o f the l ake can be ext reme 

i n such a s h a l l o w and c o n f i n e d l a k e . 

5. P e j e r r e y Resources and F i s h e r y 

The p e j e r r e y was f i r s t i n t r o d u c e d to Lago Poopo 

i n 1963 f rom the b r a c k i s h wa te rs of the R i ve r P í a t e 

b a s i n . By 1965 an i m p o r t a n t f i s h e r y over the spe-
( 

c i e s had deve loped ( F o r s t e r , 1985) . 

- The p e j e r r e y f i s h e r y i n the lake i s b a s i c a l l y 

s u b s i s t e n t and c a r r i e d out by about 900 f i s h e r m e n 
» 

r e s i d e n t a long the shore of the l a k e . A l l of the 

f i s h e r m e n are members of c o - o p e r a t i ves . 

The f i s h e r m e n use sma l l boa ts of 5 - 7 m 1 o n g , 

wh ich a re made of g a l v a n i z e d i r o n sheet on wooden 
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f rames and equ ipped w i t h , i n most cases , o u t - b o a r d 

e n g i n e s . Some boats are m o b i l i z e d by s a i l s or by 

o a r s . F l o a t i n g g i l l - n e t s of 0 . 9 m w i d e and 100 -

300m Tong are used by ene or two f i s h e r m e n i n a 

boa t . 

The annual ca tchs of p e j e r r e y f rom 1978 t o 1987 

f rom Lago Poopo are as f o l l o w s : 

•n»' 

Catch ( t o n s ) Rema rk s 

1978 2 98 

1979 250 

1980 300 

1981 350 

1982 234 

1983 D r o u g h t , f i s h -

1984 - ing i i n p o s s i b l e 

1985 80 

1986 260 

1987 1,000 ' Es t ima ted 

M a r k e t a b i 1 i t y of the p e j e r r e y ca tches in dome-

s t i c marke ts dees not seem to be p r o s p e r o u s . The 
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S o l i v i a n peop le is t r a d i t i o n a l l y m e a t - e a t e r s and 

f i s h consumpt ion i n domest ic marke t i s ve ry s m a l l . 

In La Paz, the annual f i s h consumpt ions f rom 1981 

to 1984 were ranged 840 -1 ,700 t o n s . The p e j e r r e y 

ca tches are so l d a t about one B o l i v i a n o ( t 0 .5 U.S. 

d o l l a r ) per K g . b y the f i s h e r m e n . Because of the 

t r a n s p o r t a t i o n probl em, 1 i t t l e of the f i s h can be 

s o l d ou t o f A l t i p l a n o . 

6. P o l l u t i o n of Lago Poopo 

There are heavy meta l mines e x t e n s i v e l y s c a t t e r -

ed i n the r e g i ó n of A l t i p l a n o , High c o n c e n t r a t i o n 

l e v e l s o f v a r i o u s heavy me tá i s have been d e t e c t e d 

in w a t e r , sed i inents and p l a n t samples taken f rom a 

number o f s t reams and r i v e r s t h a t f l o w i n t o Lago 

Poopo ( B e v e r i d g e , 1983) . I t ' i s s t i l l not known what 

the r e l a t i v e p r o p o r t i o n s of heavy me tá i s are e n t e r -

ing the l a k e t h r o u g h e r o s i o n of m i n e r a l i z e d o u t c r o p s 

and by i n d u s t r i a l process i .ng of ores ( F o r s t e r , 1985) 

As shown i n Table 1, 2, and 3, the c o n c e n t r a t i o n 

l e v e l s o f a wide range of heavy me tá i s and n u t r i e n t s 
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i n m a t e r i a l s sampled from the c o n f i n e d lake are un-

u s u a l l y h i g h campa red w i t n a v a i l a b l e data from i n -

d u s t r i a l l y c o n t a m i n a t e d lakes in Nor th America and 

Europe." C o n c e n t r a t i ons of s i l v e r c o b a l t , c o p p e r , ch-

romium, manganese, n i c k e l , and t i n are 4-40 t imes 

h i g h e r i n the f i h e s f rom Lago Poopo than those f rom 

Canadi an 1akes . 

Table 1. The c o n c e n t r a t i o n s ( m g / i ) of d i s s o l v e d nu-
t r i e n t s i n Lago Poopo and w o r l d range ( 
Goldman and Horne, 1983) 

Lago Poopo Wor ld range 

SÍ02 95 .0 - 124 .0 0 .3 - 26.0 

so^ 5 70.0 - 625 .0 0 .2 -• 9 , 0 0 0 . 0 

C1 28.0 - 54 .0 0 .1 -• 17 ,500 .0 

N H 4 0 .2 7 . 5 0 .0 - 2 .5 

N03 15.0 - 20 .0 0 .0 - 2 .5 

P04 20.3 - 47 . 5 0 .0 - 0 .23 
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Tab le 2 The c o n c e n t r a t i o n s (ppin) of d i s s o l v e d me 
t a i s i n Lago Poopo and i n w o r l d l akes ( 
F o r s t e r and Wi t tmann , 1981) 

• ..Lago' •Poopo World lakes 

Pb 0 .06 • - 0 . 71 0.0002 

Cu 0 - 0 .10 0.0018 

Ag 0 - . 0 . 1 1 0.0003 

Cd 0 - 0 .07 0.0007 

Co 0 .05 • - 0 ,45 0.0005 

Ni 0 .03 - 0 .59 0.0003 

Cr 0 - 0'. 11 0.0005 

Sb 0 .50 - 2 .90 0 .0001 

Fe 0 . 1 1 - 1 .46 0 .030 

Mn 0 .03 - 0 . 11 0.0005 

Zn 0 .07 - 17.0 0.0003 

t-i-íS 



Tob le 3. The c o n c . e n t r a t i ü n s (ppm) of heavy me tá i s j , 
i n t i s s u e s of p e j e r r e y from Lago Poopo 
( M a t h i s and Cummings, 1973) and i n those 
f rom Canadian f r e s h w a t e r s (Uthe and B l i g h , 
1971 ) . 

••í V̂ tiííllKlk̂ ^̂  

F i sh 
Lago 

f rom 
Poopo 

F i sh 
Canadian 

f rom 
freshwater 

Pb 3 . 08 • - ' 5 . 93 0 . 5 

Cu 1 . 55 3. 81 0. 70 1 . 28 

Ag 0 . 38 - 0. 50 

Cd 0 . 13 0. ,53 0. 05 

Co 0. ,57 1, ,14 0, ,03 • -• 0 . 45 

Ni 0, .65 - .2, ,72 0, .2 

Cr 0 .38 0 .93 0 .017 • • 0 . 065 

Sb 6 .92 - 19 .55 0 .0022 • - 0. 0043 

Fe 26 .05 - 56 .88 

Mn 2 .78 - 16 .09 0 .02 - 3. 16 

Zn 50 .00 - 101 .92 0 .12 - 20 

Sn 33 .41 - 71 .90 0 .54 - 3, .57 



7. Requests o f S o l i v i a n Government and Fishermen 

1) Government 

° Suppor t tó e s t a b l i s h i n g a resea rch s t a t i o n 

f o r f i s h e r i e s b i o l o g i c a l r esea rch on p e j e -

r r e y r esou rce i n Lago Poopo 

« Suppor t t o c o n s t r u c t i n g an a q u a c u l t u r e r e -

search s t a t i o n or h a t c h e r y f o r p e j e r r e y 

and t r o u t i n Poopo r e g i ó n and s u p p o r t to 

r e l a t e d f e a s i . b i l i t y s tudy and r e s e a r c h 

" Suppot to c o n s t r u c t i n g p r o c e s s i n g f a c i l -

i t y f o r p e j e r r e y ca t ch f o r e x p o r t a t i o n 

2) Fi shermen 

o T r a i n n i n g of f i s h e r i e s tec f i ñ i ques 

° Help f o r b l a n k e t - p u r c h a s e of f i s h i n g gears 
• 

sush as g i l l - n e t , ou tboa rd e n g i n e , and 

boat e t c . t h r o u g h the f i s h e r m e n ' s c o - o p -

e r a t i v e o r g a n i z a t i o n from Korean p roducers 
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* G i l l - n e t : 0 . 9 m w i d e , niesh s i z e U " . 

and 3" 

* Boat : G a l v a n i z e d i r o n sheet on wooden 

frame , 300 U.S. d o l 1 a r s 

* Outboard eng ine : 14 , 1,200 U.S. d o l l a r s 

8. "Trout h a t c h e r y i n Lago T i t i c a c a 

Japanese government suppo r ted to c o n s t r u c t a t r o u t 

h a t c h e r y on the shore of Lago T i t i c a c a . They c a r r i e d 

•out f e a s i b i l i t y s t u d y i n 1984, began to c o n s t r u c t 

the h a t c h e r y i n 1986 and comple ted in 1987. Japanese 

s p e c i a l i s t w i l l c a r r y out p i l o t p r o d u c t i o n f rom 1988 

to 1989. Commercial p r o d u c t i o n i s schedu led f rom 

1990. 

L i m n o l o g i c a l and e n v i r o n m e n t a l c h a r a c t e r s o f Lago 

T i t i c a c a are q u i t e d i f f e r e n t f rom those of Lago Poopo. 

T r o u t c u l t u r e and r e s o u r c e c o n s e r v a t i o n t h r o u g h ha-

t c h e r y o p e r a t i o n w i l l be f e a s i b l e . E s p e c i a l l y , the 

h a t c h e r y has a l s o t r a i n n i n g f a c i l i t y f o r t e c h n i q u e 

e x t e n s i ó n and r e s e a r c h f a c i l i t y wh ich would be s e r -

v i ceab l e . 
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g-

B o l i v i a n government wants a s i m i l a r suppo r t by 

Korean government f o r the p e j e r r e y resou^ce i n Lago 

poopo j u s t l i k e Japanese government d i d in Lago T i -

t i c a c a . 

íf 9. C o n c l u s i o n s 

g, 1) Suppor t to c o n s t r u c t i o n of a r esea rch s t a t i o n 
f .'.-i '•-*r - •ritiHitr̂ iMiij.i 

• and r e l a t e d r esea rch f o r p e j e r r e y r e s o u r c e 

i n Lago Poopo i s not f e a s i b l e . The c o n s t r a i n -

t s d e r i v e d f rom the extreme f l u c t u a t i o n s of 

e c o l o g i c a i and l i m n o l o g i c a l parameters on pe-

fe j e r r e y resou rce in Lago Poopo i s f a r away 

f rom any e f f o r t s f o r a c t i v e c o n s e r v a t i o n of 

the r e s o u r c e . 
" - - .y ; y,,. 

2) Suppor t to c o n s t r u c t i o n of p e j e r r e y p r o c e s s -

ing f a c i l i t y f o r e x p o r t a t i o n i s not f e a s i b l e . 
< 

The annual l a n d i n g of the f i s h f rom Lago Poo-

po i s l e s s than 1,000 t o n s . The l a n d i n g p l a -

ces of the f i s h are a l l s c a t t e r e d around the 

l a k e , and i t takes hours f rom one p lace to 

a n o t h e r by t r u c k t h rough unpaved roads or 

1 1 
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t h r o u g h muddy f í a t s a long the s h o r e . And 

f i s h i n g seasons are i r r e g u l a r . These c o n d i -

t i o n s p r o v i d e r e l a t i v e l y l a r g e i n c i d e n t a l ex-

penses f o r the p r o c e s s i n g p rocedures and de-

c rease the r a t e o f o p e r a t i o n of the f a c i l i t y . 

A lso the heavy meta l c o n t a m i n a t i o n of the 

l ake and the f i s h makes i t d i f f i c u l t to exp-

o r t the f i s h p r o d u c t s f rom the l a k e . 

3) Suppor t to c o n s t r u c t i o n of a r esea rch s t a t i o n 

or h a t c h e r y f o r t r o u t and p e j e r r e y i n the 

Poopo r e g i ó n i s not f e a s i b l e . And deve lopment 

o f a q u a c u l t u r e f o r these spec ies i s n e i t h e r 

f e a s i b l e . In the r e g i ó n t h e r e i s no wa te r 

r e s o u r c e enough i n amount and i n q u a l i t y f o r 

f i s h c u l t u r e . The s i z e of the domes t i c mar-

k e t i s sma l l and the p r i c e s of the f i s h e s are 

r é l a l i v e l y low i n compar ison w i t h the p r i c e s 

o f the m a t e r i a l s necessa ry f o r a q u a c u l t u r e . 
s 

Most o f m a t e r i a l s foV feed and c o n s t r u c t i o n , 

and gears must be i m p o r t e d . 
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4) To i n c r e a s e the income o f the f i s h e r m e n f rom 

t h e i r c a t c h , t hey need t e c h n i q u e f o r i n c r e a s -

ing a d d i t i o n a l va lué to t h e i r c a t c h r a t h e r 

• t han t e c h n i q u e s f o r i n c r e a s i n g the ca t ch i t -

s e l f . 

P e j e r r e y was f i l l e t e d , seasoned, and d r i e d 

e x p e r i m e n t a l 1 y . The d r i e d p e j e r r e y was p r o -

per i n t a s t e and t e x t u r e as a f i s h p r o d u c t . 

The p rocedu res of d r y i n g f i s h are q u i t e s im-

p l e and do no t need s p e c i a l f a c i l i t i e s ñor 

s k i l l s . 

5) Help f o r b l a n k e t - p u r c h a s e of f i s h i n g gears 

such as g i l l - n e t , boat and o u t b o a r d eng ine 

e t c . t h r o u g h the f i s h e r m e n ' s c o - o p e r a t i v e o r -

g a n i z a t i o n f rom Korean p roduce rs would be 

useful i f i t i's p o s s i b l e . 

10. Recommendations 

1) L i m n o l o g i c a l s tudy and p o l l u t i o n m o n i t o r i n g 

system i n Lago Poopo had b e t t e r be i n i t i a t e d 
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i n advance of any t r i a ! on c o n s e r v a t i o n and 

a q u a c u l t u r e of, p e j e r r e y . 

M T T ñ í i i T n t m T O i ' ^ ^ i n c r e s e a d d i t i o n a l v a l u é of the p e j e r r e y 

c a t c h , d r y i n g p rocess would be r e a s o n a b l e . 

No s p e c i a l f a c i l i t y , s k i l l , and m a t e r i a l s are 

^ . •• ' n e c e s s a r y . And the a r i d c l i m a t e o f A l t i p l a n o 

K w i l l he l p the f i s h e r m e n . They can process 

t h e i r c a t c h by themse lves i n t h e i r v i l l a g e 

• y a r d . 
Vi; 

j;., An i n v i t a t i o n o f a p rope r p e r s o n , who w i l l 

h work on e x t e n s i ó n s e r v i c e f o r the ' f i s h e r m e n 

o n h i s r e t u r n , to Korea f o r t r a i n n i n g on the 

p r o c e d u r e of d r y i n g f i s h can be e x p e c t e d . 

3) The r e q u e s t o f the f i s h e r m e n on the b l a n k e t 

purchase of the f i s h i n g gears made i n Korea 

t h r o u g h t h e i r c o - o p e r a t i v e o r g a n i z a t i o n w i l l 

he lp them and shou ld be rega rded i f p o s s i b l e . 
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