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I. 

The a b i l i t y  of f l o a t i n g  o b j e c t s  t o  a t t r a c t  f i s h  i n  t h e  open ocean has long 
been recognized (reviewed by Sek i ,  1983). 
throughout t h e  P a c i f i c  by t h e  use of anchored buoys ( r e f e r r e d  t o  as f i s h  aggre- 
g a t i n g  dev ices  o r  FADS) which are s p e c i f i c a l l y  designed t o  a t t r a c t  commercially 
important f i s h  s p e c i e s  (Shomura and Matsumoto,1982). Pioneering work by t h e  
Southwest F i s h e r i e s  Center  Honolulu Laboratory of t he  Nat ional  Marine F i s h e r i e s  
Se rv ice  (NMFS) has c l e a r l y  demonstrated t h e  b e n e f i t s  (e .g . ,  increased c a t c h e s ,  
l e s s  t r a v e l  t h e ,  and reduced f u e l  consumption) FAD8 provide t o  commercial and 
r e c r e a t i o n a l  f ishermen (Matsumoto e t  a l . ,  1981).  

The importance of f i s h  aggrega t ing  dev ices  

This  phenomenon i s  now being e x p l o i t e d  

There has been r e s e a r c h  t o  determine e f f e c t i v e  FAD des igns  wi th  r e s p e c t  t o  
maintaining FADs on s t a t i o n  f o r  long pe r iods  (Boy and Smith, 1983) and i n c r e a s i n g  
t h e  a b i l i t y  of FADS t o  aggrega te  t a r g e t e d  s p e c i e s  (Wickham e t  a l . ,  1973; Wickham 
and Russe l l ,  1974).  There have a l s o  been s t u d i e s  on t h e  f eed ing  h a b i t s  of FAD 
a s s o c i a t e d  tuna and the changes i n  tuna feeding h a b i t s  caused by FADS (Brock, 
1984).  However, l i t t l e  i s  known about t h e  optimal placement of FADS w i t h  r e s p e c t  
t o  oceanographic o r  bathymetr ic  c o n d i t i o n s ,  o r  t o  each o t h e r .  Also,  t h e r e  i s  
l i t t l e  o r  no d i r e c t  information a v a i l a b l e  on t h e  t r u e  e f f e c t s  of FADS on t h e  
behavior  of commercially important f i s h  s p e c i e s  o r  t he  u l t i m a t e  impact of FADS 
on f i s h e r y  r e sources .  We t h e r e f o r e  decided t h a t  much could be learned about t h e  
opt imal  placement and e f f e c t s  of FADs by us ing  u l t r a s o n i c  t e l eme t ry  techniques t o  
determine t h e  short-term (1-12 days)  behavior  around FADS of commercially impor- 
t a n t  f i s h  s p e c i e s  such as tunas .  Yellowfin tuna,  Thunnus a l b a c a r e s ,  and 
s k i p j a c k  tuna,  Katsuwonus pelamis ,  are t h e  primary FAD a s s o c i a t e d  t a r g e t  s p e c i e s  
i n  t h e  P a c i f i c  (Matsumoto e t  al . ,  1981; Shomura and Matsumoto, 1982). 

11. Desc r ip t ion  of t h e  t e l eme t ry  system 

To monitor t h e  f i s h ' s  swimming dep th ,  as wel l  a s  t h e i r  d a i l y  movements and 
r e s idence  times around FADs, we decided t o  employ depth s e n s i t i v e  u l t r a s o n i c  



t r a n s m i t t e r s .  
S c o t i a ) ,  were 1.6 cm i n  diameter  and e i t h e r  7.4 o r  8.0 cm long. The former weighed 
28.8 g i n  a i r  and 14.0 g i n  seawater and had a b a t t e r y  l i f e  of 2.2-3.7 days.  The 
l a t t e r  weighed 27.7 g i n  a i r  and 11.7 g i n  seawater and had a b a t t e r y  l i f e  of 14-24 
days.  
t h e  t r a n s m i t t e r s  a working range of approximately th ree - fou r ths  n a u t i c a l  m i l e  i n  our  
system. Depth (water  p r e s s u r e )  i s  measured wi th  a s t r a i n  gauge mounted on one end of 
t h e  t r a n s m i t t e r .  The s t r a i n  gauge c o n t r o l s  t he  frequency of t he  t r a n s m i t t e r s '  pulsed 
o u t p u t ,  which rangee from approximately 1 pe r  second a t  t h e  sea  s u r f a c e  t o  approxi- 
mately 3 per second a t  400 m. The t r a n s m i t t e r s  are designed such t h a t  p u l s e  
frequency is l i n e a r l y  p r o p o r t i o n a l  t o  depth.  

T r a n s m i t t e r s ,  purchased from VEMCOl (Shad Bay, Ha l i f ax  County, Nova 

The 50 kHz c a r r i e r  s i g n a l  was 153-158 dB ( r e  1p Pascal  a t  1 m), which g ives  

The d i r e c t i o n a l  hydrophone employed was a l s o  from VEMCO. The t r ansduce r  and 
a p r e a m p l i f i e r  ( 5 0  dB g a i n )  are mounted i n  a PVC housing. The hydrophone has  a 
s e n s i t i v i t y  of 144 dB ( r e  1 V/p Pasca l  a t  1 m), a h o r i z o n t a l  acceptance a n g l e  
(beam wid th )  of 30° ,  and a v e r t i c a l  acceptance ang le  (beam width)  of 150". 

Because of t h e  high speed swimming a b i l i t i e s  of tuna (Yuen, 19661, t h e  p u r s u i t  
boat has t o  i n t e r m i t t e n t l y  t r a v e l  a t  7-8 knots f o r  s h o r t  pe r iods  while  t r ack ing .  
The d i r e c t i o n a l  hydrophones, however, are designed and a r e  u s u a l l y  used f o r  t r a c k i n g  
much slower spec ie s .  Therefore ,  t h e  hydrophone had t o  be modified f o r  our  purposes.  
D i r e c t i o n a l i t y  i n  t h e  hydrophone is a t t a i n e d  by a s h e e t  of sound absorbing neoprene 
placed around a p o r t i o n  of t h e  hydrophone's t r ansduce r  element (Fig.  I ) .  However, 
water p r e s s u r e  on t h e  f a c e  of t h e  t r ansduce r  element,  when t h e  hydrophone i s  being 
r a p i d l y  moved through the  w a t e r ,  compresses t h e  neoprene and al lows t h e  t r ansduce r  
element t o  r o t a t e .  Th i s  can seve r  t h e  wires  connect ing t h e  t r ansduce r  t o  t h e  pre- 
a m p l i f i e r  i n  the  body of t h e  hydrophone. We l o s t  a ye l lowf in  tuna t h a t  w e  had 
been t r a c k i n g  f o r  5 hours b e f o r e  w e  discovered t h i s  weakness i n  hydrophone design.  
This  problem was c o r r e c t e d  by simply g lu ing  t h e  neoprene i n  p l ace .  

FIGURE 1 Side View of t h e  VEMCO D i r e c t i o n a l  Hydrophone Showing t h e  
R e l a t i v e  P o s i t i o n s  of t h e  Transducer,  Sound Absorbing 
Neoprene and F ibe r  Glass Sh ie ld  

NEOPRENE 

FIBERGLASS, SHIELD 

TRANSDUCER 
In  a d d i t i o n ,  a f i b e r  g l a s s  s h i e l d  was f i t t e d  over t he  f a c e  of t h e  hydrophone 

(F ig .  1 ) .  
d rap ing  it  over a PVC p i p e  of t h e  proper diameter  a s  t h e  r e s i n  hardened. I f  c a r e  

The s h i e l d  was made by impregnating f i b e r  g l a s s  c l o t h  with r e s i n  and then 

i s  taken so t h a t  no a i r  bubbles a r e  t rapped i n  t h e  f i b e r  g l a s s  c l o t h ,  t h e  s h i e l d  i s  

'Reference t o  t r a d e  names does 
F i s h e r i e s  Se rv ice ,  NOAA. 

not  imply endorsement by t h e  Nat ional  Marine 
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a c o u s t i c a l l y  t r a n s p a r e n t .  
high boat speeds because it  reduces water  t u rbu lence  a t  t he  f a c e  of t he  t r ansduce r  
and i n c r e a s e s  t h e  s ignal- to-noise  r a t i o .  

The s h i e l d  improves t h e  performance of t h e  hydrophone a t  

- FILTER 

The u l t r a s o n i c  r e c e i v e r s  employed were Communication Associates  (Huntington 

The hydrophone d e t e c t s  and a m p l i f i e s  t h e  u l t r a s o n i c  t r a n s m i t t e r ' s  s i g n a l s  
S t a t i o n ,  NY 11746) model CR 40. 
lows. 
p lus  background noise .  In  the  r e c e i v e r ,  a c r y s t a l  c o n t r o l l e d  o s c i l l a t o r  (designed 
t o  match t h e  c r y s t a l  c o n t r o l l e d  o s c i l l a t o r  c o n t r o l l i n g  t h e  50 kHz c a r r i e r  frequency 
of the u l t r a s o n i c  t r a n s m i t t e r )  i s  used t o  s e l e c t  t h e  frequency t o  be converted t o  
t h e  a u d i b l e  s i g n a l .  The s t r e n g t h  of t h e  a u d i b l e  s i g n a l  i s  used by t h e  boat ope ra to r  
t o  keep t h e  d i r e c t i o n a l  hydrophone pointed a t  t h e  f i s h .  In  o t h e r  words, when t h e  
hydrophone i s  pointed d i r e c t l y  a t  t h e  f i s h  t h e  a u d i b l e  s i g n a l  i s  louder  than when 
t h e  hydrophone i s  pointed i n  a s l i g h t l y  d i f f e r e n t  d i r e c t i o n .  We recorded t h e  audi- 
b l e  s i g n a l  with a Sony TCS-310 t ape  r eco rde r  and a l s o  f e d  t h e  s i g n a l  t o  a Telonics  
(Mesa, AZ 85201) TDP-2 frequency counter .  This  l a t t e r  dev ice  d i s p l a y s  p u l s e  i n t e r -  
v a l  which, as s t a t e d ,  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  f i s h ' s  swimming depth.  This  
swimming depth d a t a  were a l s o  recorded manually every 15 min. 
r eco rde r  was chosen because r eco rde r s  of t h i s  type are designed f o r  playback of 
recorded music and g e n e r a l l y  e x h i b i t  wow and f l u t t e r  ( a  measure of t h e  accuracy of 
t ape  speed) of approximately 1 ' / o o .  Therefore ,  t h e  t ape  r eco rde r  i n t roduces  no 
s i g n i f i c a n t  e r r o r  w i t h  r e s p e c t  t o  sho res ide  a n a l y s i s  of t he  te lemetered depth d a t a .  
The e n t i r e  t e l eme t ry  s y s t e m  i s  shown schematical ly  i n  Figure 2 .  

The hydrophone-receiver system f u n c t i o n s  a s  f o l -  

The Sony t ape  

FIGURE 2 Diagram of the  U l t r a s o n i c  Receiver System. The Tape Recorder 
(Not Shown) Is Connected D i r e c t l y  t o  t h e  Audio Output 
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We employed a r e l a t i v e l y  small boat (11  m long)  as a p u r s u i t  v e s s e l ,  r a t h e r  
than t h e  l a r g e r  NMFS's r e sea rch  v e s s e l  t h a t  had been used f o r  previous t e l eme t ry  
s t u d i e s  (Dizon e t  a l . ,  1978). A s m a l l  v e s s e l  has s e v e r a l  advantages.  F i r s t ,  i t  i s  
r e l a t i v e l y  inexpensive t o  o p e r a t e  and it  can be ded ica t ed  t o  t h i s  one p r o j e c t .  
Therefore ,  t r a c k i n g  can be at tempted whenever cond i t ions  are opt imal .  Second, a 
small v e s s e l  i s  maneuverable enough so t h a t  t he  hydrophone can be fixed-mounted i n  
one d i r e c t i o n .  Therefore ,  i n s t e a d  of t u rn ing  the  hydrophone t o  determine t h e  
l o c a t i o n  of t h e  f i s h ,  t h e  whole boat i s  turned.  This  g r e a t l y  s i m p l i f i e s  t h e  
mounting of t h e  hydrophone on the boat  and makes the  whole s t r u c t u r e  more r e l i a b l e .  
Third,  and perhaps t h e  most important ,  our  11-m boat  i s  about t h e  same s i z e  as t h e  
ma jo r i ty  of t he  o t h e r  v e s s e l s  f i s h i n g  around FADS i n  Hawaii. Our v e s s e l ,  t h e r e f o r e ,  
does not  i n t e r f e r e  wi th  o t h e r  v e s s e l s  f i s h i n g  nea r  t h e  FADS, as would a l a r g e  f i s h -  
e r i e s  r e s e a r c h  s h i p .  F i n a l l y ,  t h e  small  boat i s  i d e a l  f o r  ca t ch ing  the  r e l a t i v e l y  
small  tuna 50-70 cm f o r k  l e n g t h )  t h a t  a r e  s u i t a b l e  f o r  t r ack ing .  

AMPLIFIER AMPLIFIER 

Small boa t s  do have disadvantages.  F i r s t ,  120 V a.c. must be supp l i ed  by a 
small  gene ra to r  which i s  g e n e r a l l y  u n s t a b l e  with r e spec t  t o  a l t e r n a t i n g  c u r r e n t  
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f requency .  
d i g i t a l  e l e c t r o n i c  d e v i c e s .  Also, an  11-m v e s s e l  i s  s u b j e c t  t o  f a r  more motion 
than  i s  a l a r g e  f i s h e r i e s  r e s e a r c h  s h i p  and a l l  a r e a s  of t h e  boa t  a r e  exposed t o  
s a l t  and m o i s t u r e  c o r r o s i o n .  A sma l l  b o a t  i s  t h e r e f o r e  not  a s u i t a b l e  environment 
f o r  s e n s i t i v e  d i g i t a l  e l e c t r o n i c  equipment.  F i n a l l y ,  an 1 1 - m  v e s s e l  can  on ly  sup- 
p o r t  a t h r e e -  t o  four-man crew. T h e r e f o r e ,  i t  is l i m i t e d  t o  a maximum t r a c k i n g  
d u r a t i o n  of approx ima te ly  4 8  hours  b e f o r e  t h e  crew must be exchanged. Our v e s s e l  
does c a r r y  290 g a l  of f u e l ,  which a t  speeds  used d u r i n g  t r a c k i n g ,  p rov ides  enough 
f u e l  t o  t r a c k  a f i s h  f o r  a t  l e a s t  3-4  days .  

Th i s  makes i t  d i f f i c u l t  t o  o p e r a t e  computers and o t h e r  s e n s i t i v e  

Because of t h e  l i m i t a t i o n s  of an 11-m v e s s e l ,  t h e  d a t a  a c q u i s i t i o n  system was 
des igned  w i t h  a ph i losophy  of s i m p l i c i t y  and (whenever p o s s i b l e )  redundancy w i t h  
r e s p e c t  t o  a l l  c r i t i c a l  and automated d a t a  a c q u i s i t i o n  equipment.  Because of t h e  
amount of d a t a  t h a t  can  be c o l l e c t e d  on t h e  f i s h ' s  swimming d e p t h ,  automated d a t a  
c o l l e c t i o n  and computer a n a l y s i s  a r e  needed. However, r e a l  t ime computer c o l l e c -  
t i o n  and a n a l y s i s  w i t h  o. sh ipboard  computer i s  n o t  p r a c t i c a l  on a s m a l l  v e s s e l .  

As d e s c r i b e d ,  w e  r eco rded  t h e  a u d i b l e  s i g n a l  from t h e  u l t r a s o n i c  r e c e i v e r  w i t h  
a Sony t a p e  r e c o r d e r .  The t a p e s  a r e  then  p layed  back a t  our  s h o r e s i d e  l a b o r a t o r y  
and eve ry  o t h e r  p u l s e  i n t e r v a l  i s  p l o t t e d  a s  a p o i n t  on a depth-time graph .  A 
Hewlett-Packard (HP) 98258 computer,  an  HP 5312A t imer-counter  ( t o  measure p u l s e  
i n t e r v a l s ) ,  and an  HP 7245A p l o t t e r - p r i n t e r  a r e  used .  T h i s  system pe rmi t s  one t o  
de t e rmine  s p u r i o u s  d a t a  p o i n t s  w i t h i n  t h e  swimming d e p t h  d a t a .  
p o i n t s  can e a s i l y  be seen  i n  an example of t h e  p l o t t e d  dep th  d a t a  (F ig .  3 ) .  

Spur ious  dep th  d a t a  

FIGURE 3 F o r t y - f i v e  Minute Record of t h e  Swimming Depth of a Yel lowf in  Tuna, 
Thunnus a l b a c a r e s .  
From t h e  Tape Recorded S i g n a l  From t h e  Depth S e n s i t i v e  T r a n s m i t t e r  

The Data Were P l o t t e d  by Computer D i r e c t l y  

ELAPSED T I M E  I N  M I N U T E S  

8 5 10 15 20 25 30 3s 4 0  4 5  

S T A R T I N G  T l M E i  07. 25. 80 TRACKING T A P E  READER. r2.0 

This  sys tem was chosen t o  g e t  r i d  of s p u r i o u s  d a t a  p o i n t s  r a t h e r  than  a com- 
p u t e r  a l g o r i t h m ,  such  a s  t h a t  developed by Westerberg ( 1 9 8 3 ) ,  because  ou r  sys t em 
r e q u i r e s  t h e  i n v e s t i g a t o r  t o  look a t  t h e  d a t a  and f o r c e s  t h e  use of human judgment. 
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Fur thermore ,  i f  t h e  t r a n s m i t t e r ' s  s i g n a l  b e g i n s  t o  g e t  ou t  of r a n g e ,  a l t h o u g h  s t i l l  
a u d i b l e  t o  t h e  b o a t  o p e r a t o r ,  t h e  s i g n a l - t o - n o i s e  r a t i o  can  be i n s u f f i c i e n t  t o  t r i g -  
g e r  t h e  HP counter - t imer .  As shown i n  F i g u r e  3 ,  even when d a t a  p l o t t i n g  i s  i n t e r -  
m i t t e n t ,  t h e  f i s h ' s  swimming d e p t h  p a t t e r n  can  e a s i l y  be  de te rmined  by e y e  and t h e  
m i s s i n g  d a t a  p o i n t s  f i l l e d  i n .  T o t a l l y  automated d a t a  p r o c e s s i n g  would n o t  permi t  
t h i s .  We are i n  t h e  p r o c e s s  of deve loping  computer programs t o  d i g i t i z e  and manip- 
u l a t e  t h i s  p l o t t e d  d e p t h  d a t a  by t r a c i n g  t h e  depth- t ime p l o t s  on a d i g i t i z e r  t a b l e t .  

N a v i g a t i o n a l  d a t a  are c o l l e c t e d  i n  two ways. The f i r s t  i s  by u s e  of s t a n d a r d  
loran-C r e c e i v e r  (Furuno,  model LC80) aboard  t h e  p u r s u i t  v e s s e l .  However, loran-C 
n a v i g a t i o n  i s  n o t  c o n s i s t e n t  n e a r  t h e  main Hawaiian I s l a n d s .  Because t u n a  c a n  be  
caught  r e l a t i v e l y  n e a r  s h o r e  i n  t h e  Hawaiian I s l a n d s ,  w e  a r e  a l s o  a b l e  t o  d e t e r m i n e  
v e s s e l  p o s i t i o n  by t a k i n g  h o u r l y  f i x e s  on landmarks u s i n g  a hand-held compass. 
These land  f i x e s  are used t o  a d j u s t  t h e  p o s i t i o n  i n f o r m a t i o n  de termined  by loran-C. 
The t r a c k i n g  v e s s e l ' s  c o u r s e  i s  p l o t t e d  by hand u s i n g  b o t h  s o u r c e s  of p o s i t i o n  
i n f o r m a t i o n .  

111. H o r i z o n t a l  and v e r t i c a l  movements of y e l l o w f i n  tuna  around f i s h  
a g g r e g a t i n g  d e v i c e s  

F i s h  t o  be t r a c k e d  are caught  by t r o l l i n g  f e a t h e r  and p l a s t i c  and rubber  j i g s .  
Heavy r o d s  and reels a r e  used t o  b r i n g  t h e  f i s h  t o  the  boa t  a s  q u i c k l y  a s  p o s s i b l e .  
The f i s h  a r e  then  wedged i n  a t r o u g h  l i n e d  w i t h  foam r u b b e r  which does not  a l l o w  
t h e  f i s h  t o  s t r u g g l e  e x c e s s i v e l y .  A w e t  c l o t h  i s  used t o  cover  t h e  f i s h ' s  eyes  
which a l s o  h e l p s  t o  q u i e t  t h e  an imals .  

The t r a n s m i t t e r s  a r e  a t t a c h e d  t o  t h e  d o r s a l  s u r f a c e  of t h e  f i s h ,  p o s t e r i o r  t o  
t h e  second d o r s a l  f i n .  P l a s t i c  " t i e  wraps" a r e  i n s e r t e d  through t h e  muscle  w i t h  t h e  
a i d  of hol low b r a s s  n e e d l e s .  One t i e  wrap i s  p laced  through a p l a s t i c  loop  on one 
end of t h e  t r a n s m i t t e r .  A second t i e  wrap i s  used t o  hold the  body of t h e  t r a n s m i t -  
t e r  t o  prevent  i t  from f l o p p i n g  a s  t b e  f i s h  s w i m s .  Using t h i s  a t t a c h m e n t  method, 
dummy t r a n s m i t t e r s  were p l a c e d  on kawakawa, Euthvnnus a f f i n i s ,  h e l d  a t  t h e  Kewalo 
Research F a c i l i t y  of t h e  Honolulu L a b o r a t o r y ,  NMFS. 
t h e  dummy transmitters f o r  s e v e r a l  weeks and swam, f e d ,  and behaved normal ly .  

These f i s h  were a b l e  t o  c a r r y  

So f a r  w e  have been a b l e  t o  t r a c k  t h r e e  y e l l o w f i n  tuna  and one b i g e y e  t u n a ,  r. 
obesus.  
proven t o  be overwhelmingly s u c c e s s f u l .  As F i g u r e  3 shows, we a r e  a b l e  t o  g e t  
long-term, y e t  f i n e  s c a l e ,  r e c o r d s  of t h e  f i s h ' s  swimming d e p t h .  

The u s e  of a small d e d i c a t e d  p u r s u i t  v e s s e l  and a three-man crew h a s  

A n a l y s i s  of t h e  d a t a  c o l l e c t e d  so  f a r  has  r e v e a l e d  remarkable  d i u r n a l  changes 
i n  b o t h  v e r t i c a l  and h o r i z o n t a l  movements of  tuna .  A s t r i k i n g  example of t h e  
former i s  shown i n  F i g u r e  4 ,  which i s  a p l o t  of t h e  swimming d e p t h  of a b i g e y e  tuna  
recorded  a t  10-min i n t e r v a l s .  The an imal  tended t o  remain n e a r e r  t h e  s u r f a c e  a t  
n i g h t  and t o  descend t o  t h e  d e p t h  of t h e  15°C i so therm (200 m) d u r i n g  d a y l i g h t  
hours  making o n l y  o c c a s i o n a l  f o r a y s  t o  t h e  s u r f a c e  d u r i n g  t h i s  t ime.  The f i s h  
r e t u r n e d  t o  i t s  s h a l l o w e r  swimming d e p t h  as t h e  sun s e t  (1900).  

We have a l s o  observed  i n s t a n c e s  of p r e d i c t a b l e  d i u r n a l  r h y t h m i c i t y  i n  t h e  
h o r i z o n t a l  movements of t u n a s .  On one o c c a s i o n  t h i s  r h y t h m i c i t y  a l lowed u s  t o  
r e l o c a t e  a y e l l o w f i n  t u n a  on two s e p a r a t e  o c c a s i o n s  o v e r  a 5-day p e r i o d .  
behavior  has  been shown f o r  s k i p j a c k  tuna  (Yuen, 1970).  The p r a c t i c a l  advantage  of 
t h e s e  p r e d i c t a b l e  h o r i z o n t a l  movement p a t t e r n s  i s  t h a t  i t  i s  f e a s i b l e  t o  g e t  
extended t r a c k s  of tuna  u s i n g  a s m a l l  p u r s u i t  v e s s e l  which can r a p i d l y  r e t u r n  t o  
t h e  n e a r e s t  s m a l l  h a r b o r ,  r e f u e l ,  exchange crews ,  and then  r e t u r n  and r e l o c a t e  t h e  
f i s h  c a r r y i n g  t h e  t r a n s m i t t e r .  

S i m i l a r  



FIGURE 4 Twenty-four flour Record of t h e  Swimming Depth of a Bigeye Tuna, 
Thunnus obesus.  The F i s h ' s  Swimming Depth Was Recorded Manually 
Every 10 Min. 
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IV. Conc lus ions  

Because of t h e  r a p i d l y  i n c r e a s i n g  deployment of FADs th roughou t  t h e  P a c i f i c ,  
t h e  c o s t  of t h e i r  deployment ,  and t h e  u s e  of and i n c r e a s i n g  depeiidance upon FADs 
by commercial  and r e c r e a t i o n a l  f i s h e r i e s ,  an  u n d e r s t a n d i n g  of t h e  o p t i m a l  p l ace -  
ment and t h e  t r u e  e f f e c t s  of FADs on f i s h  and f i s h e r y  r e s o u r c e s  i s  needed. Ultra- 
s o n i c  t e l e m e t r y  a p p e a r s  t o  us t o  be a r a p i d  and r e l a t i v e l y  i n e x p e n s i v e  way t o  
g a t h e r  some of t h e  r e q u i r e d  i n f o r m a t i o n .  

We have shown t h a t  w i t h  a p p r o p r i a t e  equipment ,  a s m a l l  p u r s u i t  v e s s e l  can b e  
used f o r  open ocean  t r a c k i n g  s t u d i e s .  We f e e l  o u r  sys t em i s  b o t h  e f f e c t i v e  and 
e f f i c i e n t .  We p l a n  t o  c o n t i n u e  o u r  t e l e m e t r y  work f o r  a t  l eas t  s e v e r a l  more y e a r s  
and e v e n t u a l l y  w e  hope t o  t r a c k  o t h e r  p e l a g i c  s p e c i e s  such a s  s k i p j a c k  t u n a  and 
mahimahi ( d o l p h i n f i s h ,  Coryphaena h i p p u r u s )  around FAD&. 
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