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ABSTRACT 

A modern a d a p t a t i o n  of an o l d  f i s h i n g  tech- 
n ique  is  ga in ing  r ecogn i t ion  i n  t h e  P a c i f i c  and 
elsewhere a s  an e f f e c t i v e  means t o  inc rease  f i s h -  
i ng  p r o d u c t i v i t y  i n  t h e  open sea. The use of 
man-made, f r e e  f l o a t i n g ,  and anchored f l o a t i n g  
dev ices  t o  aggrega te  p e l a g i c  f i s h e s  f o r  subs i s -  
t ence ,  r e c r e a t i o n a l ,  and commercial f i s h i n g  has 
inc reased  markedly i n  r ecen t  y e a r s ;  estimates of 
deployed and planned u n i t s  exceed 1,000. These 
dev ices  have been anchored i n  dep ths  ranging  from 
s e v e r a l  hundred t o  s e v e r a l  thousand fathoms. Th i s  
r e p o r t  reviews t h e  development and p resen t  use of 
f i s h  aggrega t ing  dev ices  i n  t h e  P a c i f i c  and Indian  
Oceans. 

INTRODUCTION 

Poss ib ly  the  most dramat ic  change i n  c o a s t a l  
and open-ocean f i s h e r i e s  i n  r ecen t  years  i n  t h e  
c e n t r a l  and wes tern  P a c i f i c  and Ind ian  Oceans has 
been t h e  use of t h e  f i s h  aggrega t ing  dev ice  (FAD). 
The development of man-made FAD's has evolved 
n a t u r a l l y  from the  phenomenon of f i s h  being 
c l o s e l y  a s s o c i a t e d  wi th  d r i f t i n g  o b j e c t s  such a s  
logs ,  a l g a e ,  and o t h e r  f lo t sam (Uda 1933; Kojima 
1960; Hunter and Mi tche l l  1967; Inoue et  a l .  1968) 
and s t a t i o n a r y  o b j e c t s  such a s  o f f shore  d r i l l i n g  
p l a t fo rms  (Has t ings  e t  a l .  1976; Dugas et  a l .  
1979).  The use  of FAD's f o r  l a rge - sca l e  
commercial f i s h i n g  was f i r s t  developed i n  t h e  
P h i l i p p i n e s  about 5 years ago (Chikuni 1978).  By 
1979 we l l  over 600 FAD's were be ing  used i n  the  
calm wa te r s  of t h e  Sulu Sea and Moro Gulf . l  Since  
1979 t h e  u t i l i z a t i o n  of man-made FAD's has spread  
t o  many i s l a n d  c o u n t r i e s  i n  t h e  c e n t r a l  and South 
P a c i f i c  and Ind ian  Oceans. To d a t e  more than 300 
have been deployed. 

The growth i n  t h e  p o p u l a r i t y  of FAD's has 
been due t o  t h e i r  success  i n  a t t r a c t i n g  f i s h  i n  
l a r g e  numbers, t he reby  a f f e c t i n g  a l l  l e v e l s  of 
f i s h i n g .  The a r t i s a n a l  o r  s u b s i s t e n c e  l e v e l  
f ishermen not on ly  were a b l e  t o  inc rease  t h e i r  
ca t ches  but were as su red  of making ca t ches  d a i l y ,  
commercial f ishermen were a b l e  t o  inc rease  t h e i r  
ca t ches  subs t  a n t  i a l  l y  , and r e c r e a t  iona  1 fishermen 
were a b l e  t o  reduce no-catch t r i p s .  The FAD's  
a l s o  enabled a l l  motor-driven v e s s e l s  t o  reduce 
f u e l  consumption cons ide rab ly  by e l i m i n a t i n g  
unproduct ive  s e a r c h  time. The presence  of l a r g e  
f i s h  beneath t h e  FAD's enabled handl ine  f i s h i n g  
wh i l e  d r i f t i n g ,  t h u s  reducing  f u e l  consumption 
even more. 

Along wi th  t h e  succesaes  achieved by FAD 
f i s h i n g ,  t h e r e  have been some nega t ive  develop- 
ments. The FAD's d id  not l a s t  ve ry  long, n e a r l y  
a l l  u s e r s  exper ienced  s u b s t a n t i a l  FAD l o s s e s ,  and 
c o n f l i c t s  among use r  groups have developed. 

Th i s  r e p o r t  reviews t h e  development of t h e  
FAD's i n  t h e  P a c i f i c  and Indian  Oceans, t h e  

lMataumoto, W. M. Payao f i s h i n g  i n  t h e  Ph i l -  
i pp ines .  Manuscr. i n  prep. Southwest F ish .  Cent., 
Natl. Mar. F i sh .  Serv. ,  N O M ,  Honolulu, H I  96812. 

r e s u l t s  of f i s h i n g  success ,  and t h e  problems 
encountered i n  FAD f i s h i n g .  

DEVELOPMENT OF FISH AGGREGATING DEVICES 

The concept of us ing  moored o b j e c t s  t o  
a t t r a c t  f i s h  i s  not new. Fishermen i n  t h e  
P h i l i p p i n e s  used payaos (bamboo r a f t s  1 p r i o r  t o  
World War I1 t o  aggrega te  f i s h  f o r  handl ine  
f i s h i n g  (de  Jesus 1982),  Japanese fishermen used 
moored bamboo r a f t s  t o  a t t r a c t  do lph in ,  Corvphaena 
h ippurus  (Kojima 19601, Indonesian fishermen used 
anchored f i s h  l u r e s  (coconut f ronds )  t o  a t t r a c t  
ca rang ids ,  mackere ls ,  and c lupeoid  f i s h e s  (Soe- 
marto 19601, and Maltese fishermen used moored 
cork-s labs  t o  a t t r a c t  do lphin  and p i l o t f i s h  (Galea 
1961). Seve ra l  au tho r s  have a t tempted  t o  exp la in  
t h e  a s s o c i a t i o n  of f i s h  with f l o a t i n g  o b j e c t s .  
Gooding and Magnuson (1967) reviewed t h e  hypoth- 
e ses  t h a t  have been advanced by o t h e r s  and l i s t e d  
t h e  fo l lowing  exp lana t ions :  (1) food c o l l e c t i n g  
around t h e  o b j e c t  a t t r a c t e d  f i s h ;  ( 2 )  nega t ive  
pho to tax i s  i n  response t o  shadow c a s t  by t h e  
o b j e c t ;  ( 3 )  s h e l t e r  from p r e d a t o r s ;  and ( 4 )  use of 
t h e  o b j e c t  as a spawning s u b s t r a t e .  Hunter and 
Mi tche l l  (1967) found l i t t l e  ev idence  t o  support  
t h e  mechanisms pos tu l a t ed  by o t h e r s  and suggested 
i n s t e a d  t h a t  p e l a g i c  f i s h e s  are  a t t r a c t e d  t o  
d r i f t i n g  m a t e r i a l s  because t h e  o b j e c t s  func t ion  a s  
school ing  companions, and f o r  spec ie s  not adapted 
t o  a p e l a g i c  l i f e ,  t h e  o b j e c t s  may func t ion  a s  
s u b s t i t u t e s  f o r  reef  o r  o the r  s u b s t r a t e s .  

I n i t i a l l y ,  FAD's c o n s i s t e d  of simple r a f t s ,  
with o r  without suspended m a t e r i a l s ,  which 
inc reased  the  a rea  f o r  organisms t o  grow on and 
f o r  smal l  f i s h  t o  seek s h e l t e r .  The e a r l y  FAD's 
were anchored i n  p ro tec t ed  wa te r s  c l o s e  t o  shore ,  
but through t h e  yea r s ,  t h e i r  use has extended i n t o  
deeper waters  and t o  open-ocean a reas  r e q u i r i n g  
s t u r d i e r  c o n s t r u c t i o n .  I n  t h e  P h i l i p p i n e s ,  t h e  
i n i t i a l  simple r a f t s ,  which c o n s i s t e d  of bundles 
of bamboo , gradua l ly  evolved i n t o  s ing le -  and, 
e v e n t u a l l y ,  double-layered bamboo r a f t s  (de  Je sus  
19821, r a f t s  of va r i ed  des igns ,  such a s  t h e  V- 
shaped r a f t  desc r ibed  by Murdy (19801, and more 
r e c e n t l y  t o  r a f t s  made of s teel .  The double- 
layered  bamboo r a f t ,  t h e  type most commonly used 
a t  p re sen t ,  i s  approximately 2 . 5  m wide a t  one 
end, t a  e r ed  a t  t he  o t h e r ,  and 12 m o r  more i n  
1ength.f  These r a f t s  are widely used i n  t h e  q u i e t  
waters of Mor0 Gulf and i n  t h e  Sulu Sea o f f  
Palawan I s l and  i n  depths  ranging  from 2,200 t o  
5,400 m. They evolved concur ren t ly  with t h e  
i n t r o d u c t i o n  of tuna purse se ine  f i s h i n g  i n  t h e  
P h i l i p p i n e s  and wi th  the  r a p i d  growth of t he  
f i s h e r y .  They have been extremely e f f e c t i v e  i n  
aggrega t ing  f i s h  and up t o  200 m e t r i c  t ons  (mt) of 
tunas  have been caught i n  a s i n g l e  set of t he  
purse s e i n e  around t h e  r a f t s .  

The rough open-ocean cond i t ions  i n  the  cen- 
t r a l  P a c i f i c  demanded FAD's t h a t  were s t u r d i e r  
than r a f t s  made of bamboo. Developmental work 
(Matsumoto et  a l .  1981) a t  t h e  Southwest F i s h e r i e s  
Center ,  Honolulu Labora tory  (HL) r e s u l t e d  i n  a FAD 
f a b r i c a t e d  wi th  two 2084 (55-gal)  s t e e l  o i l  drums 
f i l l e d  wi th  polyure thane  foam and he ld  toge the r  i n  
a frame of ang le  i r o n  (F igu re  1 ) .  The FAD's, 
anchored i n  depths  of 400-2,300 m,  aggrega ted  
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Figure  1.--Fish aggrega t ing  device ,  buoy t y p e .  

f i s h ,  most ly  s k i p j a c k  tuna ,  Katsuwonus Pelamis ,  i n  
s u f f i c i e n t  q u a n t i t i e s  t o  permit commercial-scale 
f i s h i n g  by pole-and-line v e s s e l s .  A s  a r e s u l t  of 
t h e  success  of t h e  HL experiment, t h e  H a w a i i  
Department of Land and Natura l  Resources (DLNR) 
i n i t i a t e d  a f u l l - s c a l e  FAD system, involv ing  26 
FAD's made of l a r g e  t r a c t o r  tires f i l l e d  wi th  
polyurethane foam, f o r  t h e  b e n e f i t  of commercial 
and r e c r e a t i o n a l  f ishermen i n  t h e  S t a t e  of H a w a i i .  
Other P a c i f i c  i s l a n d  c o u n t r i e s  fol lowed s u i t ,  
u s i n g  t h e  HI, and DLNR FAD's and o t h e r  types of 
t h e i r  own des ign .  

RESULT 

D i s t r i b u t i o n  of f i s h  a a n r e n a t i n n  devices.-- 
S i n c e  1979, 23 c o u n t r i e s  have e i t h e r  deployed o r  
contemplated the  deployment of FAD's w i t h i n  6 t o  
12 months. The l o c a l i t i e s  of deployment are shown 
i n ' l i g u r e  2 .  While t h e  FAD's i n  most c o u n t r i e s  
have been deployed t o  a i d  t h e  l o c a l  a r t i s a n a l  
f i s h e r i e s ,  commercial pole-and-line o r  purse s e i n e  
vessels, have f i s h e d  around them, p a r t i c u l a r l y  i n  
Belau, F i j i ,  Hawaii, Papua New Guinea, and Western 
Samoa. Experimental  FAD's i n s t a l l e d  over  t h e  
Solomon Rise by t h e  Japan Marine F i s h e r y  Resource 
Research Center  (JAMARC) i n  November 1980 (Iwasa 

1981) and i n  t h e  e a s t e r n  e q u a t o r i a l  P a c i f i c  by t h e  
Inter-American T r o p i c a l  Tuna Commission (IATTC) i n  
April-November 19802 have been f i s h e d  by purse 
s e i n e r s .  I n  some c o u n t r i e s ,  such as Western Samoa 
and F i j i ,  t h e  FAD's have been s u b j e c t e d  t o  f i s h i n g  
by both commercial pole-and-line and purse s e i n e  
vessels. 

Tvpes of f i s h  a n a r e a a t i n a  devices.--The types  
and number of FAD's used by t h e  v a r i o u s  c o u n t r i e s  
and the  number planned f o r  deployment i n  t h e  near  
f u t u r e  a r e  summarized i n  Table  1. A s  of mid-1982 
more than 379 FAD's have been deployed. Many have 
been l o s t  and many of t h e s e  have been rep laced .  
I n  a d d i t i o n ,  more than 147 have been planned f o r  
f a b r i c a t i o n  o r  deployment by mid-1983. 

The types  of FAD's used have v a r i e d  consider-  
a b l y  due t o  t h e  d e s i r e  and n e c e s s i t y  of some 
c o u n t r i e s  t o  u t i l i z e  low c o s t  materials t h a t  were 
a v a i l a b l e  l o c a l l y .  The e a r l y  u s e r s  (American 
Samoa, Guam, Western Samoa) employed FAD's similar 
t o  t h a t  of t h e  HL experiment. However, t h e i r  
FAD's had t h r e e  i n s t e a d  of two o i l  drums ( a l s o  of 
HL d e s i g n )  l a i d  s i d e  t o  s i d e  and encased i n  a 
framework of angle  i ron .  Each FAD had a super- 
s t r u c t u r e  suppor t ing  a r a d a r  r e f l e c t o r  and an 
i n t e r m i t t e n t l y  f l a s h i n g  marine harn ing  l i g h t .  A 
f i s h  a t t r a c t a n t ,  c o n s i s t i n g  of f i s h  n e t t i n g ,  
cargo-net appendage made of l a r g e  (16-1 rope,  
s t r i n g s  of b u r l a p  bags and t i r e  s i d e w a l l s ,  was 
suspended from the  FAD t o  depths  of about 20 m. 
The DLNR devised FAD's us ing  o l d  t r a c t o r  t ires 
wi th  d iameters  of up t o  2 m and f i l l e d  wi th  
polyurethane foam. Guam and Belau a l s o  used 
t r a c t o r  t i r e  FAD's fashioned a f t e r  t h e  DLNR model. 
Other types of FAD's included r a f t s  cons t ruc ted  
from bamboo poles ,  f i b e r g l a s s  p o l e s ,  plyboard,  and 
p ipe  frames wi th  s teel  drum a s  f l o a t s .  

Second genera t ion  FAD's c o n s i s t e d  of 3-m 
diameter  doughnut shaped, f i b e r g l a s s  r i n g s  
(American Samoa), twin- (and l a t e r )  s ing le-hul led ,  
1 x 2 m buoys c o n s t r u c t e d  of 2.5 mm aluminum 
s h e e t i n g  (Western Samoa), and a c l u s t e r  of f i v e  
71-cm s teel  spheres  welded t o g e t h e r  t o  form a buoy 
approximately 2 m i n  diameter  (DLNR). A l l  FAD's 
were equipped wi th  r a d a r  r e f l e c t o r  and l i g h t  above 
and f i s h  a t t r a c t i n g  appendage below. I n  some 
c a s e s  the  l a t te r  c o n s i s t e d  of 1-2 m p l a s t i c  
binding s t r i p s  a t t a c h e d  d i r e c t l y  t o  the  anchor 
l i n e  or  t o  s t r a n d s  of rope hung from t h e  FAD. 

The FAD user  groups d i f f e r e d  by l o c a l i t y .  I n  
most P a c i f i c  i s l a n d s  where f i s h i n g  has been done 
on the  a r t i s a n a l  o r  s u b s i s t e n c e  l e v e l ,  t r o l l i n g  
and handl ine f i s h i n g  a r e  done from small outboard 
motor-powered c r a f t s .  I n  c o u n t r i e s  where d i e s e l -  
powered f i s h i n g  v e s s e l s  a r e  used, such as t h e  
P h i l i p p i n e s  , United S t a t e s  (Hawaii) , Western 
Samoa, and Belau, o r  i n  those  c o u n t r i e s  t h a t  have 
e n t e r e d  i n t o  f i s h i n g  agreements with Japanese o r  
New Zealand f i s h i n g  companies i n  t h e i r  t e r r i t o r i a l  

2Gui l len ,  R., and D. A. Bra t ten .  1981. An- 
chored r a f t  experiment t o  aggrega te  tunas i n  t h e  
e a s t e r n  P a c i f i c  Ocean. Inter-Am. Trop. Tuna Comm., 
I n t e r n a l  Rep. No. 1 4 ,  10  p. 



3 

~~ 

Figure  2.--Locations where f i s h  aggrega t ing  devices  have been deployed, 1979-81, 
o r  where deployment i s  planned i n  the  P a c i f i c  and Indian  Oceans. 

waters, such  as ,  F i j i ,  Belau, and Papua New 
Guinea, f i s h i n g  on a commercial s c a l e  is  being 
done e i t h e r  by po le  and l i n e ,  purse  s e i n e ,  o r  
both.  Rec rea t iona l  or  spo r t  f i s h i n g  i s  done 
mainly i n  Hawaii, where f i s h i n g  i s  gene ra l ly  done 
by t r o l l i n g  and o f t e n  wi th  hand l ines ,  p a r t i c u l a r l y  
by t r a i l e r - b o a t  f i shermen.  

Catch.--Regardless of t h e  type of FAD's used, 
t h e  r e s u l t s  were t h e  same i n  a l l  c o u n t r i e s .  The 
FAD's a t t r a c t e d  f i s h  i n  g r e a t  numbers l ead ing  t o  
inc reased  ca t ches .  Although accura t e  c a t c h  d a t a  
are not  a v a i l a b l e ,  owing t o  r e luc t ance  of t he  
fishermen t o  f i l e  c a t c h  r e p o r t s ,  r e p l i e s  t o  our 
q u e s t i o n n a i r e s  from a number of c o u n t r i e s  d i s c l o s e  
t h e  e f f e c t i v e n e s s  of t h e  FAD's. I n  K i r i b a t i  skip- 
j a c k  tuna appeared around t h e  FAD's i n  9 days and 
ca t ches  inc reased  from 100 t o  250 kg/day/boat.  
Small (7-10 kg) ye l lowf in  tuna ,  Thunnus a l b a c a r e s ,  
were taken  on handl ines  a f t e r  20 days.  I n  t h e  
Cook I s l a n d s  ev idence  of t h e  e f f e c t  of t h e  FAD's 
was i n d i c a t e d  i n  t h e  lowering of t h e  r e t a i l  p r i c e  
of f i s h  from $3.96/kg t o  $1.87-$2.20/kg. I n  
Western Samoa the  average  c a t c h  of tunas  by a l i a s  
( sma l l  ou tboard  powered c r a f t s )  w a s  100 kg, with 
i n d i v i d u a l  boa t s  o f t e n  exper ienc ing  ca tches  of up 
t o  500 kg i n  1 h of f i s h i n g  a t  daybreak. From 
p r i o r  correspondence (A. L. P h i l i p p ,  Chief , Fish- 
eries Div i s ion ,  Government of Western Samoa), we 
l ea rned  t h a t  a commercial purse  s e i n e r  had made a 
set on an e s t ima ted  20 m t  of s k i p j a c k  tuna a t  one 
of t he  FAD's. I n  F i j i  ca t ches  by purse s e i n e r s  
have been as high as 55 m t  i n  a s i n g l e  set around 
t h e  FAD's, and commercial pole-and-line v e s s e l s  
have averaged 6 mt/day, compared t o  1 mt/day p r i o r  
t o  t h e  i n s t a l l a t i o n  of FAD's. I n  Hawaii t h e  DLNR 
r epor t ed  t h a t  3,607 FAD v i s i t s  by commercial and 
r e c r e a t i o n a l  f ishermen dur ing  Apr i l  1980-April 
1982 r e s u l t e d  i n  400 m t  of f i s h ,  and averaged 
111 k g / v i s i t .  

The most d e t a i l e d  c a t c h  r eco rds  of f i s h i n g  
around FAD's i n  t h e  P a c i f i c  were those  ob ta ined  
du r ing  t h e  exper imenta l  s tudy  i n  Hawaii (Matsumoto 
et  a l .  1981).  I n  1978 commercial pole-and-line 
v e s s e l s  v i s i t e d  t h e  FAD's 247 t i m e s  and caught 523 
m t  (1,153,900 l b )  of t unas ,  wi th  an average  of 
2.13 m t  (4,690 l b ) / v i s i t  (Table  2 ) .  During t h e  
months of h igh  ca t ches ,  193 m t  i n  Apr i l  and 196 m t  
i n  May, i n d i v i d u a l  boa t  ca t ches  of more than 4.5 
m t  were made on 23 v i s i t s ,  ca t ches  of more than 
9.0 m t  on 2 v i s i t s ,  and ca t ches  of more than 13.6 
m t  on 2 v i s i t s .  Rec rea t iona l  and commercial 
t r o l l i n g  boa ts  caught an a d d i t i o n a l  7.3 m t  of 
f i s h .  The FAD's  a t t r a c t e d  tunas  of a l l  s i z e s  
ranging  from below 1 kg t o  over 45 kg. Small 
tunas  below 2 kg g e n e r a l l y  remained i n  t h e  imme- 
d i a t e  v i c i n i t y  of t he  FAD's, whereas t h e  l a r g e r  
s k i p j a c k  and ye l lowf in  tunas  roamed over  wider 
a r e a s  from 4 t o  5 km o r  more dur ing  t h e  day. 
These f i s h  appa ren t ly  r e tu rned  t o  the  FAD's a t  
n igh t  s i n c e  the  day ' s  f i r s t  ca t ches  were inva r i -  
ab ly  made a t  the  FAD's a t  daybreak and t h e  f i s h i n g  
v e s s e l s  moved away from t h e  FAD's a f t e r  s u n r i s e ,  
wh i l e  cont inuous ly  f i s h i n g  t h e  same school .  
Medium-sized (13-45 kg) ye l lowf in  tuna were caught 
on b a i t e d  l i n e s  e i t h e r  by deep- t ro l l i ng  a t  reduced 
speed o r  by hand l in ing  wh i l e  a d r i f t .  These f i s h  
were caught anywhere wi th in  1.6 km of t h e  FAD's. 
Other f i s h  such a s  mar l in  and s p e a r f i s h  were 
u s u a l l y  taken by t r o l l e r s  a t  d i s t a n c e s  of up t o  
2.4 km, whereas do lph in  were usua l ly  taken  w e l l  
w i t h i n  30 m of the  FAD's  and up t o  8 km away. 

The g r e a t e s t  aggrega t ion  of f i s h  ye t  t o  be 
seen under a DNLR FAD was a school  of l a r g e  (55-70 
kg) ye l lowf in  tuna (R. E.  Brock, Un ive r s i ty  of 
Hawaii, Honolulu, Hawaii, pe r s .  commun.). The 
school ,  e s t ima ted  a t  about 1,600 m t ,  appeared 
around a FAD t h a t  had been deployed f o r  more than 
180 days.  
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Table 1.--Deployment and longevity of fish aggregating devices 
in the Pacific and Indian Oceans, 1979-81.1 

Fish aggregat ing device (days) 

Type of f i s h  No. set No. 
Country o r  l o c a l i t y  aggregat ing device (planned) l o s t  Range Wean Wax. Continuing2 

American Samoa 

A u s t r a l i a  

Cook Is lands  

Eastern P a c i f i c  

F i j i  

French Polynesia  

Guam 

Hawaii 

K i r i b a t i  

Haldive I s lands  

Marshall I s lands  

Hicrones is 

New Caledonia 

New Zealand 

Niue 

Northern Marianas 

Belau 

Papua Nev Guinea 

Seyche 1 lea 

S r i  Lanka 

Tokelau 

Tonga 

Tuvalu 

Vanuatu 

Wall is  and Futuna 

Western Samoa 

3-drum 
Doughnut 

3-drum 
Foam block 

3-drum 
Aluminum catamaran 

Plyboard r a f t  

Bamboo ra'ft 
Wooden r a f t  
Aluminum catamaran 

3-drum 

3-drum 
Trac tor  t ire 

Trac tor  t i r e  
Pentasphere 

Fiberglass-pole  r a f t  

Various types 

Bamboo r a f t  

-- 
Aluminum s i n g l e  h u l l  

3-drum 

Tractor  t i r e  

Bamboo r a f t  

Pipe-frame r a f t  

-- 
-- 

Aluminum catamaran 

-- 
Plyboard r a f t  

-- 
3-drum 
Aluminum catamaran 

Tota l l range  

11 
5 

4 
2 

1 
4 

5 

120 
2 
1 

8 

3 
5 

26 
34 

3 

9 

20+ 

3 

5 

6 

76 

5 

2 

5 
23 

379+ (147) 

7-510 
14-60 

335-427 -- 

150 
227-592 

62-137 

1 year -- 
-- 
-- 

6-123 
28-258 

60-540 
30-450 

7 -40 

-- 
-- 
-- 
-- 
-- 
-- 

150-310 

30-270 

_- 
60 

-- 
-- 

30-210 

-- 
-- 
-- 

236-270 
287-424 

510 
250 

427 
120 

150 
5 92 

137 

-- 
120 -- 
-- 

123 
338 

540 
450 

40 

-- 
-- 
-- 
-- 
-- 
-- 

210 

270 

-- 
123 

-- 
-- 

210 

-- 
-- 
-- 

270 
566 

40-592 

1Bxc1u8ive of count r ies  t h a t  used FAD's p r i o r  t o  1979. 
2Haximum FAD l i f e  cont inuing as  of Apri l  1982. 
3Maximum FAD l i f e  cont inuing as  of June 1982. A l l  e x i s t i n g  t i re  type FAD's rwoved and replaced by pentasphere type. 
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Table  2.--Fish s p e c i e s  caught  ( i n  pounds) by pole-and-line f i s h i n g  i n  1978 dur ing  t h e  Hawaiian 
f i s h  aggrega t ing  device  experiment (Matsumoto e t  a l .  1981).  

I 

S p e c i e s  
~ ~~~ 

Skipjack tuna Yellowfin tuna Kavakava Dolphin Totals 

Catch p e r  Catch per  Catch p e r  Catch p e r  Catch per  
Buoy Vis i t s  Catch v i s i t  Catch visit Catch v i s i t  Catch v i s i t  Catch visit 

A 92 357,044 3.880.3 22.682 246.5 1,479 16.0 a54 9.3 382.031 4,152.5 

B 1 5,110 5,110.0 0 0.0 0 0.0 0 0.0 5.110 5,110.0 

C 14 103,037 7,359.8 1,475 105.4 4,218 301.3 0 0.0 100,730 7,766.4 

D -  139 573,106 4,123.1 80.183 576.9 1,706 - 12.3 3,034 - 22.6 650.029 4.734.0 

Total 246 1,038.297 4,220.7 104,340 424.1 7,403 30.0 3,888 15.8 i,is3,900 4,690.6 

Percent of 
t o t a l  catch 89.73 9.28 0.64 0.34 99.99 

Svecies  of f i s h  caught.--Various spec ie s  of 
f i s h  aggrega te  around f l o a t i n g  dev ices .  I n  t h e  
Hawaiian experiment Matsumoto e t  a l .  (1981) 
r epor t ed  t h a t  t r o l l i n g  v e s s e l s  caught 12 spec ie s  
of f i s h :  sk ip j ack  tuna ;  ye l lowf in  tuna ;  bigeye 
tuna ,  Thunnus obesus ;  kawakawa, Euthvnnus a f f i n i s ;  
do lph in ;  wahoo, Acanthocvbium s o l a n d r i ;  b lue  
mar l in ,  Makaira n i n r i c a n s ;  s t r i p e d  mar l in ,  
Te t r av tu rus  audax; s h o r t b i l l  spearf i s h ,  g. 
a n m m t i r o s t r i s ;  rainbow runner ,  E l a g a t i s  b ip in -  
n u l a t a ;  g r e a t e r  amberjack, S e r i o l a  dumer i l i ;  and 
bar racuda ,  Sphvraena a rnen tea .  Underwater obser-  
v a t i o n s  d i s c l o s e d  o t h e r  spec ie s  normally not taken  
by pole  and l i n e  o r  t r o l l i n g  gear .  These inc luded  
such spec ie s  as sea chub, Kvphosus c ine rascens ,  
scrawled f i l e f i s h ,  A lu te ra  s c r i v t u s ,  rough 
t r i g g e r f i s h ,  Canthidermis  maculatus ,  mackerel 
scad ,  Decavterus  v innu la tus ,  p i l o t f i s h ,  Naucrates  
d u c t o r ,  f r e c k l e d  d r i f t f i s h ,  Psenes cvanovhryg, and 
j u v e n i l e s  of many spec ie s .  Sharks and porpoises  
were f requent  v i s i t o r s  around t h e  FAD's. Other 
s t u d i e s  on d r i f t i n g  o b j e c t s  l i s t  even g r e a t e r  
numbers of f i s h  spec ie s :  Hunter and Mi tche l l  
(1967) l i s t e d  32 spec ie s  and Gooding and Magnuson 
(1967) l i s t e d  35. The k inds  of f i s h  found under 
d r i f t i n g  o b j e c t s  depend l a r g e l y  upon t h e  spec ie s  
n a t u r a l l y  occur r ing  i n  t h e  v i c i n i t y  where the  
o b j e c t  i s  p laced  and t h e r e f o r e  could vary  from one 
l o c a l i t y  t o  another .  

1 ) '  

Imvact of f i s h  aan rena t inn  devices.--The 
success  of FAD f i s h i n g  has had obvious impact 
wherever FAD's have been used. I n  the  Cook 
I s l a n d s  it has led  t o  t h e  cons t ruc t ion  of a f i s h  
market ing es tab l i shment  and, a s  noted above, has 
r e s u l t e d  i n  reducing t h e  cos t  of f i s h  t o  t h e  
consumer by nea r ly  50%. I n  Western Samoa, t h e  
inc reased  ca t ches  of tunas  have led  t h e  Western 
Samoans t o  explore  t h e  p o s s i b i l i t y  of expor t ing  
t h e  excess  tuna ca t ches  t o  t h e  canne r i e s  i n  
American Samoa. I n  Hawaii, t h e  growth of t h e  
handl ine  f i s h e r y  f o r  medium t o  l a r g e  (23 t o  over 
90 kg) ye l lowf in  tuna has r e s u l t e d  i n  increased  
d i r e c t  shipments t o  the  west coas t  and midwestern 
c i t i e s  of t h e  c o n t i n e n t a l  U.S. Other b e n e f i t s  
a l s o  have been r e a l i z e d  from FAD f i s h i n g .  I n  

Western Samoa records  of a diesel-powered, pole-  
and-l ine v e s s e l  i nd ica t ed  a r educ t ion  of f u e l  
usage from an average of 443 t o  69 $!,/day and an 
inc rease  of tuna ca tches  from 310 t o  613 kg/day 
(A. L. P h i l i p p ,  pe r s .  commun.). 

PROBLEMS ENCOUNTERED 

Despi te  the  successes  achieved,  FAD f i s h i n g  
has not been without  i t s  problems. The cos t  of 
c o n s t r u c t i o n  and mooring, t h e  r e l a t i v e l y  s h o r t  
l i f e s p a n ,  and the  numerous lo s ses  su f fe red  have 
a l l  added g r e a t l y  t o  the  t o t a l  cos t  of i n s t a l l -  
i ng  and main ta in ing  the  FAD's. To many i s l a n d  
n a t i o n s  i n  t h e  P a c i f i c  and Indian  Oceans, t hese  
c o s t s  have been high r e l a t i v e  t o  the  s c a l e  of 
t h e i r  economic resources .  

Longevity.--For the  most p a r t  FAD l i f e  has 
been r e l a t i v e l y  s h o r t ,  ranging  from 6 t o  592 days 
(Table  11, and has va r i ed  accord ing  t o  the  type of 
cons t ruc t ion .  The FAD's b u i l t  of f r a g i l e  m a t e r i a l  
o r  those  t h a t  were bound wi th  rope, such a s  ply- 
board,  bamboo, and f ibe rg la s s -po le  r a f t s ,  were 
r e l a t i v e l y  sho r t  l a s t i n g .  Most of t hese  broke 
a p a r t  w e l l  w i th in  1 year.  The FAD's made of more 
du rab le  m a t e r i a l  and s t u r d i e r  cons t ruc t ion ,  such  
as o i l  drums, t r a c t o r  t i r e s ,  and s t e e l  spheres and 
aluminum-hull buoys, have l a s t e d  t h e  longes t  (max- 
imum d u r a t i o n s  of 510-592 days) .  Some of t hese ,  
t h e  aluminum catamaran types  of t h e  Cook I s l a n d s  
and Western Samoa with a r epor t ed  maximum l i f e  of 
592 and 566 days ,  r e s p e c t i v e l y ,  were s t i l l  i n  use 
a s  of Apr i l  1982. The maximum l i f e  of t h e  
t r a c t o r - t i r e  type i n  Hawaii would have exceeded 
540 days had it not been removed i n t e n t i o n a l l y  t o  
be rep laced  wi th  the  newer pentasphere  type.  

%.--The per u n i t  cos t  of FAD's has v a r i e d  
among c o u n t r i e s ,  depending upon t h e  type of FAD 
cons t ruc t ed ,  t h e  propor t ion  of in-house labor 
con t r ibu ted ,  t h e  amount of materials acqui red  
without  c o s t ,  t h e  depth of mooring, and t h e  cos t  
of deployment (Table 3 ) .  I n  the  r e p l i e s  t o  our 
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Table  3.--Summary of f i s h  aggrega t ing  device c o s t s .  

.. 

Cost per f i s h  aggrega t ing  dev ice  

Deployment FAD FAD and Deploy- 
Country FAD type  depth (m)l only mooring ment T o t a l  

American Samoa 3-drum 
Doughnut 

A u s t r a l i a  3-drum 
Foam block 

900-2,500 $600 $2,400 2 N i l  
900-2,500 -- 3 , 000 $ 600 

$2,400 
3,600 

145-183 -- 3,200 1,000 4,200 
145-183 -- 1,400 1,500 2,900 

Cook I s l a n d s  Aluminum catamaran 1,097-1,463 860 2,770 150 2,920 

F i j i  A lumi num c a t  am a r an NA 860 2,930 ? N i l  2,930 
Box r a f t  NA 27 2,090 2 N i l  2,090 
Bamboo r a f t  NA -- 7 80 2 N i l  780 

Guam 

Hawaii 

3-drum 550-1,830 -- 2,740 2 N i l  2,740 
Trac to r  t i r e  (A) 550-1,830 -- 2,500 2 N i l  2,500 
Trac to r  t i r e  (B) 550-1,830 -- 3,900 630 4,530 

T r a c t o r  t i r e  
Pentasphere 

228-2,930 -- 2,500 2,000 4,500 
228-2,930 -- 2,500 2,000 4,500 

500 100 600 

Be l au  Trac t  o r  t i r e  1,100-3,700 -- 3,340 240 3,580 

1,500 2 N i l  1,500 

Tonga Aluminum catamaran 1,097-1,463 860 2,695 25 2,720 

Western Samoa 3-drum 1,480-2,835 600 2,400 2 N i l  2,400 
Aluminum catamaran 1,480-2,835 860 2 , 800 200 3,000 

Mean = $2,993 

K i r i b a t i  F ibe rg la s s -po le  r a f t  145-183 -- 

Seyche l l e s  Pipe-frame r a f t  900-1,800 -- 

Mean = $2,418 
- I__--- ~ _____I____________________ 

k o s t  of average mooring depth.  
2Deployed by government o r  f i s h i n g  company v e s s e l s  a t  no charge.  

q u e s t i o n n a i r e  the  cost  of t he  FAD was g e n e r a l l y  
r e p o r t e d  toge the r  with the  cos t  of t he  mooring 
system (anchor ,  anchor l i n e ,  and o t h e r  hardware).  
Cost f i g u r e s  of $600 ( a l l  c o s t  f i g u r e s  a r e  given 
i n  U.S. d o l l a r s )  s p e c i f i c a l l y  f o r  FAD c o n s t r u c t i o n  
were a v a i l a b l e  only f o r  t he  three-drum type i n i -  
t i a l l y  used i n  American Samoa and Western Samoa-- 
s i n c e  t h e s e  u n i t s  had been cons t ruc t ed  under con- 
tract  i n  American Samoa--and f o r  t he  aluminum 
catamaran type ($860) which had been f a b r i c a t e d  i n  
Western Samoa and purchased by s e v e r a l  c o u n t r i e s .  
The a c t u a l  cos t  of t h e  t r a c t o r - t i r e  type was 
d i f f i c u l t  t o  determine s i n c e  t h e  l a r g e  i t e m s ,  such 
as t i r e s ,  anchors ,  and cha in  had been acqu i red  a t  
no c o s t  or a t  nominal f e e s  from p r i v a t e  f i r m s ,  
government supply,  o r  government su rp lus  sou rces .  

The combined cost  of t h e  FAD and mooring 
system provided by the  respondents  va r i ed  con- 
s i d e r a b l y  from $500-$780 f o r  s imple r a f t s  t o  
$1,400-$3,340 f o r  t he  more l abor - in t ens ive  types ,  
depending on the  mooring dep th ,  l i n e  scope, and 
s i z e  of rope used. The average combined cos t  was 

$2,418/FAD. The mooring system c o s t s  f o r  FAD's 
deployed i n  depths  g r e a t e r  than 900 m comprised 
more than two-thirds of t he  combined c o s t s .  E s t i -  
mates of mooring-system c o s t s  a lone  were $1,800 i n  
American Samoa (16-nrm polypropylene rope , average 
mooring depth of 1,417 m) and $1,940 i n  Western 
Samoa (16-mm polypropylene rope,  average depth 
1,930 m), and $1,910 i n  the  Cook I s l a n d s  (19-mm 
polypropylene rope,  average depth 1,259 m) and 
$1,835 i n  Tonga (19-mm polypropylene rope,  average 
depth 1,259 m). A rough estimate of mooring cost  
r e l a t i v e  t o  depth is  $50/100 m of l i n e  (16-mm 
polypropylene rope)  p lus  $1,000-$1,200 f o r  t he  
anchor and hardware, c o n s i s t i n g  of a 1,000-kg con- 
c r e t e  block anchor,  60 m of 13-nrm chain,  and gal-  
vanized connect ing hardware. The cos t  i nc reases  
p r o p o r t i o n a t e l y  with l a r g e r  rope,  with rope made 
of o t h e r  s y n t h e t i c  f i b e r s ,  o r  with b e t t e r  q u a l i t y  
swiv e 1 s . 

I n  a d d i t i o n  t o  t h e s e ,  t he  cos t  of deployment 
added s i g n i f i c a n t l y  t o  the  t o t a l  cost  i n  some 
c o u n t r i e s .  Deployment cost  v a r i e d  g r e a t l y  from 
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, 

, -  
I .  

n i l  t o  $2,000 each depending upon t h e  s i z e  of 
v e s s e l  used and t h e  c h a r t e r  r a t e s  i n  each loca l -  
i t y .  Most c o u n t r i e s  wi th  no r epor t ed  deployment 
c o s t  had t h e i r  FAD's deployed by government-owned 
v e s s e l s  o r ,  as i n  t h e  case  of F i j i ,  bamboo r a f t s  
were f a b r i c a t e d  and deployed by f o r e i g n  f i s h i n g  
companies f o r  t h e i r  own use.  The t o t a l  cos t  of 
t h e  FAD's, i nc lud ing  c o n s t r u c t i o n ,  mooring system, 
and deployment, ranged from $600 t o  $4,530, and 
averaged $2,993/unit .  

Added t o  t h e  i n i t i a l  cos t  were o the r  c o s t s  
such as those  incu r red  i n  ma in ta in ing  the  deployed 
u n i t s  and r e p l a c i n g  l o s t  FAD's. These c o s t s  
v a r i e d  by coun t ry  depending upon v e s s e l  c h a r t e r  
c o s t s ,  t h e  longev i ty  of t h e  FAD's, and t h e  
frequency of l o s s e s .  I n  some l o c a l i t i e s ,  such as 
Guam, Hawaii, and Western Samoa, t h e r e  were as 
many as two replacements a t  a FAD s i t e  w i t h i n  2 
year  8 .  

Losses of f i s h  a n a r e a a t i n n  devices.--The 
losses of FAD's have been h igh  dur ing  t h e  more 
than  3 y e a r s  t hey  have been i n  use i n  t h e  P a c i f i c  
and Ind ian  Oceans. These can be grouped i n t o  
t h r e e  c a t e g o r i e s  by FAD types :  ( 1 )  Ra f t s  made of 
bamboo, p lyboard ,  and f i b e r g l a s s  p o l e s ;  ( 2 )  FAD's 
made of s t e e l  frame and suppor t s ,  i nc lud ing  t h e  
o i l  drum, t r a c t o r  t i r e ,  pentasphere ,  aluminum 
catamaran, and pipe-frame r a f t  t ypes ;  and ( 3 )  
FAD's made of foam blocks .  I n  t h e  f i r s t  ca t egory ,  
l o s s e s  have ranged from 63 t o  loo%,  due mostly t o  
t h e  d i s i n t e g r a t i o n  of t h e  r a f t s .  One f i b e r g l a s s -  
po le  r a f t  was r epor t ed  vanda l i zed  and t h e  poles  
s t o l e n .  I n  t h e  second ca t egory  l o s s e s  v a r i e d  from 
40-42.3% f o r  t h e  aluminum catamaran and t r a c t o r -  
t i r e  types  t o  73.5-89.2% f o r  t h e  pentasphere  and 
oil-drum types .  These types  were t h e  longes t  
l a s t i n g  wi th  maximum d u r a t i o n s  of 427-592 days .  
The heavy los ses  s u f f e r e d  by t h e  oil-drum type 
were i n  p a r t  due t o  h igh  wind r e s i s t a n c e ,  s i n c e  
they  conta ined  a l a r g e  canopy above t h e  w a t e r l i n e .  
It is too  e a r l y  t o  judge t h e  merits of t h e  foam- 
b lock  type ,  s i n c e  these  were i n s t a l l e d  a s  r e c e n t l y  
as December 1981. The FAD l o s s e s  f o r  a l l  types  
were extremely h igh  a t  59.1%. 

It i s  d i f f i c u l t  t o  determine t h e  exac t  cause 
of FAD l o s s e s ,  s i n c e  most of t h e  FAD's t h a t  had 
broken loose from t h e  moorings have not been 
recovered. The few r e c o v e r i e s  t o  d a t e  (20)  and 
o n s i t e  obse rva t ions  have provided some c l u e s  as t o  
t h e  probable  causes ,  which a r e  g iven  below. 

I t e m  Known o r  probable  cause  Number Percent  

1. 
2 .  
3. 
4. 
5. 
6. 
7 .  
8. 
9. 

10. 

Ra f t  breakage 
Mooring l i n e  f a i l u r e  
Line break  by v e s s e l s  
Unfavorable mooring s i t e  
Storm 
Vandalism 
Sinking  
F i sh  b i t e  ( sha rk )  
Inadequate  anchor 
Entangled by whale 

96 
35 

7 
6 
4 
3 
2+ 
1 
1 
1 

156+ 
- 

61.5 
22.4 

4.5 
3.8 
2 -5 
1.9 
1.3 
0.6 
0.6 
0.6 

I n  a d d i t i o n  t o  these ,  68 l o s s e s  were of undeter -  
mined causes .  The l o s s e s  caused by Item 1 were 
due almost e n t i r e l y  t o  breakup of bamboo r a f t s .  
Bamboo poles  t i e d  toge the r  wi th  cordage appar- 
e n t l y  were too f r a g i l e  i n  open-ocean cond i t ions .  
Losses due t o  l i n e  f a i l u r e  ( I tem 2)  were caused by 
such t h i n g s  as inadequate  rope s p l i c e s ,  loosened 
shack le  p ins ,  and rope breaks caused by t w i s t i n g  
( i n s u f f i c i e n t  or  poor q u a l i t y  swive l s ) .  Of these  
t h e  most p reva len t  cause was a t t r i b u t e d  t o  rope 
s p l i c e  f a i l u r e s .  To f a c i l i t a t e  t h e  handl ing  of 
t he  bulky l i n e s  which were a s  much as 2 mi l e s  
long, most users purchased rope i n  c o i l s  of 183 o r  
365 m (600 o r  1,200 f t ) .  Connecting these  c o i l s  
of rope toge the r  involved numerous s p l i c e s ,  both 
between c o i l s  and a t  rope ends l i n k i n g  up t o  
swive l s  and cha in  s e c t i o n s .  Thus, a mooring a t  
1,000 m, c o n s i s t i n g  of 1,400 m ( l i n e  scope of 
1:1.4) of rope and a midwarp weight ,  r e q u i r e d  as 
many as 10 s p l i c e s .  A midwarp weight t o  keep t h e  
excess  l i n e  from s u r f a c i n g  du r ing  changes i n  t i d a l  
c u r r e n t s  was necessa ry  because of t h e  buoyant 
polypropylene rope. S p l i c i n g  methods between c o i l  
s e c t i o n s  v a r i e d ;  some were s i n g l e  s p l i c e s  wi th  as 
few as 7 t ucks ,  some wi th  14 tucks  or  more, and a 
few with double s p l i c e s ,  i n  which the  rope ends 
were overlapped by 2 m o r  more and each end then  
s p l i c e d  i n t o  the  opposing rope .  Line f a i l u r e  due 
t o  loosened shack le  was noted i n  one in s t ance .  
Loss of FAD's due t o  l i n e  breaks  caused by v e s s e l s  
( I tem 3 )  inc luded  such mishaps as t h e  seve r ing  of 
t h e  l i n e  by the  p r o p e l l e r s  of f i s h i n g  boa t s  o r  
pass ing  s h i p s ,  where the  excess  l i n e  had f l o a t e d  
t o  the  s u r f a c e ,  and the  seve r ing  of t h e  l i n e s  by a 
tugboat towing cab le .  The l a t t e r  inc iden t  oc- 
cu r red  twice.  Unfavorable mooring s i tes  ( I t a  4 )  
inc luded  deployment of FAD's a t  less than ha l f  t h e  
depth  f o r  which the  l i n e s  had been prepared and 
s e t t i n g  t h e  anchor on top  of p innac le s  o r  i n  
narrow gorges with s t e e p  s i d e s .  These r e s u l t e d  i n  
t h e  l i n e  chaf ing  on t h e  bottom at  the  midwarp 
weight ,  submerging of t h e  FAD as t h e  anchor was 
pu l l ed  o f f  t he  p innac le  o r  l i n e  cha f ing  a g a i n s t  
t h e  s i d e s  of t h e  gorges.  Vandalism ( I tem 6 )  con- 
s i s t e d  of t he  a c t u a l  d i sman t l ing  of a f i b e r g l a s s -  
po le  r a f t  t o  remove t h e  po le s  and over loading  t h e  
anchor l i n e  by too  many boa t s  t y i n g  up t o  t h e  FAD. 
During the  exper imenta l  phase i n  Hawaiian waters, 
such i n c i d e n t s  a s  s eve r ing  the  anchor l i n e  in ten-  
t i o n a l l y  by i r a t e  fishermen whose f i s h i n g  l i n e  
(hand l ine )  had snagged on t h e  anchor l i n e  was 
exper ienced .  S inking  of t h e  FAD (Item 7 )  occurred  
wi th  the  oil-drum type when l eaks  i n  t h e  drum 
caused the  foam t o  d i s i n t e g r a t e ,  r e s u l t i n g  i n  t h e  
l o s s  of buoyancy. 

Considering only  those  FAD's cons t ruc t ed  of 
m a t e r i a l  more du rab le  than wood o r  bamboo r a f t s  
and in tended  f o r  long-term use ,  l o s ses  r e s u l t i n g  
from mooring l i n e  f a i l u r e s ,  l i n e  breaks caused by 
v e s s e l  p r o p e l l e r s ,  u n s u i t a b l e  mooring s i tes ,  s ink-  
ing ,  and inadequate  anchor ( I tems  2 ,  3 ,  4 ,  7 ,  and 
9 )  account f o r  85% of t h e  lo s ses .  A l l  t he se  
causes  involved human e r r o r ,  and, as such, t hey  
can be remedied and t h e  lo s ses  reduced. Much of 
t h i s  can be done by e l i m i n a t i n g  o r  reducing  t h e  
s i z e  of t h e  h igh  wind-res i s tan t  canopy i n  t h e  o i l -  
drum type ,  u s ing  uncorrodable  o i l  drums, t r e a t i n g  
the  drums t o  r e t a r d  co r ros ion ,  r e p l a c i n g  heavy and 
massive f i s h - a t t r a c t i n g  pendants wi th  pendants 



made of p l a s t i c  b inding  s t r i p s  a t t ached  t o  ind i -  
v i d u a l l y  weighted ropes  t o  reduce drag ,  and being 
e s p e c i a l l y  c a r e f u l  i n  f a b r i c a t i n g  t h e  mooring 
l i n e s .  I n  t h i s  r e s p e c t  we no te  t h a t  t h e  Univer- 
s i t y  of H a w a i i  Sea Grant Program, t h e  South Pac i f -  
i c  Commission, and o t h e r s  have i n i t i a t e d  s t u d i e s  
o r  are cons ide r ing  eng inee r ing  e v a l u a t i o n s  of 
FAD's wi th  t h e  i n t e n t i o n  of minimizing FAD l o s s e s .  

User conflict .--The l a r g e  aggrega t ions  of 
f i s h  c o l l e c t i n g  around FAD's have a t t r a c t e d  a wide 
mixture  of fishermen ( s u b s i s t e n c e  l e v e l ,  r ec rea -  
t i o n a l ,  r e c r e a t  iona 1-commercial , and commercial) 
u t i l i z i n g  v a r i o u s  f i s h i n g  gea r  and methods ( such  
as hand l ines ,  s u r f a c e  t r o l l i n g ,  deep t r o l l i n g  a t  
reduced speeds ,  po le  and l i n e  wi th  l i v e - b a i t  chum- 
ming, and purse s e i n i n g ) ,  and an assor tment  of 
f i s h i n g  boa ts  ranging  i n  s i z e  from outboard- 
powered canoes and s k i f f s  t o  diesel-powered b a i t  
boa t s  and s e i n e r s .  T h i s  mixture  has r e s u l t e d  i n  
c o n f l i c t s  among FAD u s e r s .  Small-boat f ishermen 
complain t h a t  t he  l a r g e r  v e s s e l s  w i th  l a rge - sca l e  
f i s h i n g  c a p a b i l i t i e s  w i l l  d e p l e t e  f i s h  around 
FAD's, and t h e  l a r g e r  v e s s e l  f ishermen complain 
t h a t  s m a l l  boa ts  c l u t t e r  t he  area and i n t e r f e r e  
wi th  t h e i r  f i s h i n g  ope ra t ions .  I n  F i j i ,  c o n f l i c t s  
have a r i s e n  between t h e  two commercial u s e r  groups; 
pole-and-line fishermen accuse t h e  purse s e i n e r s  
of completely f i s h i n g  out  t h e  FAD's and both 
groups accuse each o t h e r  of r a i d i n g  t h e i r  FAD's. 

C o n f l i c t s  between l a rge - sca l e  tuna f i s h e r -  
men and small-boat o p e r a t o r s  can be a l l e v i a t e d  t o  
some ex ten t  by a system of a l l o c a t i n g  FAD's near- 
sho re  to  small boa t s  and o f f s h o r e  FAD's t o  l a r g e r  
commercial v e s s e l s .  S i m i l a r l y ,  some method of 
a l l o c a t i o n  needs t o  be devised  t o  minimize con- 
f l i c t s  between po le-and-line and purse  s e i n e  
v e s s e l s .  

SUMMARY 

1. The exper imenta l  use of FAD's con- 
s t r u c t e d  t o  wi ths tand  rough, ocean cond i t ions  i n  
H a w a i i ,  has  l ed  t o  a tremendous su rge  i n  FAD f i s h -  
i n g  i n  o t h e r  a r e a s .  To d a t e  20 c o u n t r i e s  i n  t h e  
P a c i f i c  and 3 i n  the  Ind ian  Ocean have e i t h e r  de- 
ployed o r  were p lanning  t o  i n s t a l l  FAD's i n  t h e i r  
waters. 

2.  The types  of FAD's used have v a r i e d  
cons ide rab ly  among c o u n t r i e s .  These inc luded  
FAD's made of o i l  drums f i l l e d  wi th  foam and 
encased i n  a meta l  frame, l a r g e  (2-m diameter )  
t r a c t o r  t i res  f i l l e d  wi th  foam, r a f t s  made of 
bamboo po le s ,  f i b e r g l a s s  po le s ,  plyboard,  and p ipe  
frames with o i l  drums as f l o a t s ,  3-m d iameter ,  
doughnut shaped, f i b e r g l a s s  r i n g ,  and completely 
enc losed  catamaran and s ing le -hu l l ed  buoys made of 
aluminum and f i l l e d  wi th  foam. 

3 .  The FAD's have been extremely success- 
f u l  i n  aggrega t ing  f i s h  wherever t hey  have been 
used and have inc reased  f i s h  ca tches  by twofold o r  
t h r e e f o l d .  Th i s  has r e s u l t e d  i n  a r educ t ion  of 
t h e  r e t a i l  p r i c e  of f i s h  by nea r ly  50% i n  some 
c o u n t r i e s  and a s i g n i f i c a n t  sav ings  i n  f u e l  c o s t s .  

4. The per u n i t  c o s t  of t he  FAD and moor- 
i n g  system ranged from $500 f o r  s imple  r a f t s  t o  

over  $3,000 f o r  t he  more l abor - in t ens ive  types ,  
with two-thirds of t h e  cos t  a t t r i b u t e d  t o  t h e  
mooring l i n e  i n  FAD's deployed a t  depths  g r e a t e r  
than  900 m. The t o t a l  c o s t s  were much h igher  f o r  
those  c o u n t r i e s  t h a t  had t o  r e l y  upon p r i v a t e  
v e s s e l  c h a r t e r s  t o  deploy the  FAD's. For these ,  
t o t a l  c o s t s  were inc reased  by up t o  $2,00O/FAD. 

5. Of t h e  379 FAD's deployed s i n c e  1979, 
224 were r epor t ed  l o s t ,  some w i t h i n  1 week a f t e r  
deployment, The longes t  l a s t i n g  FAD i s  s t i l l  
o p e r a t i n g  a f t e r  592 days a s  of A p r i l  1982. Moor- 
i ng  l i n e  f a i l u r e s ,  l i n e  breaks caused by v e s s e l  
p r o p e l l e r s ,  mooring i n  u n s u i t a b l e  bottom, s ink ing ,  
and inadequate  anchor comprised 85% of t h e  lo s ses  
among FAD's t h a t  were in tended  f o r  long-term use. 

6. The success  of t he  FAD's i n  a t t r a c t i n g  
f i s h  i n  l a r g e  q u a n t i t i e s  has Led t o  c o n f l i c t s  
among use r  groups.  These c o n f l i c t s  can be a l l e v i -  
a t e d  t o  some ex ten t  by a workable system of a l l o -  
c a t i n g  FAD usage. 
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