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REPORT OF PORPOISE EXPERIMENT TESTING DETECTION 
OF ON-TRACK SCHOOLS (PET DOTS), MARCH 7-APRIL 5, 1981 

Rennie S. Hol t 
Southwest F i s h e r i e s  Center 

Nat ional  Marine F i s h e r i e s  Service,  NOAA 
La J o l l a ,  C a l i f o r n i a  92038 

INTRODUCTION 

The Nat ional  Marine F i s h e r i e s  Serv ice (NMFS) has the  r e s p o n s i b i l i t y  o f  
assessing the  s ta tus  of the porpoise stocks which are a f fec ted  by the  Eastern 
T rop ica l  P a c i f i c  tuna purse seine f i she ry .  Stock assessments r e l y  on 
est imates o f  the present  popu la t i on  s i z e  o f  the stocks. Populat ion abundance 
est imates were made i n  1975 (Smith 1975l, 1981) and 1979 ( H o l t  and Powers, 
1982) us ing  l i n e  t r a n s e c t  methods. I conducted an experimental a e r i a l  survey 
i n  1980 o f f  t h e  coast  o f  Costa Rica t o  t e s t  several  o f  the assumptions made i n  
the use o f  l i n e  t r a n s e c t  theory f o r  e s t i m a t i n g  porpoise abundance w i t h  a e r i a l  
survey data. This  paper descr ibes the experimental procedures and the data 
obta ined i n  t h i s  survey. 

OBJ ECTI  VES 

The pr imary o b j e c t i v e  o f  the experiment was t o  examine the  e f f e c t  o f  
environmental f a c t o r s  and observer performance on l i n e  t r a n s e c t  methods used 
f o r  e s t i m a t i n g  dens i t y  o f  do lph in  schools. Environmental f a c t o r s  i n v e s t i g a t e d  
were sea s t a t e  and sun g lare.  Observer performance was examined w i t h  
experienced and i nexper i  enced teams o f  observers. A secondary o b j e c t i v e  was 
t o  evaluate the use o f  a e r i a l  photographies f o r  measuring d o l p h i n  lengths,  
determi n i  ng speci es composi t ion o f  school s,  and compari ng t h e  p r e c i s i o n  o f  
observer est imates o f  do lph in  school s ize.  

S p e c i f i c  requirements t o  accomplish the  o b j e c t i v e s  o f  the survey were: 

1. Use o f  a slow, low f l y i n g  a i r c r a f t  w i t h  a c o n f i g u r a t i o n  p e r m i t t i n g  
unobstructed views t o  the  f r o n t ,  downward, and t o  bo th  s ides o f  t he  
p l  ane. 

2. F l y  t rack1  ines  so t h a t  s i m i l a r  f l  i g h t s  were made under a range o f  
sea s t a t e  c o n d i t i o n s  and w i t h  d i f f e r e n t  o r i e n t a t i o n s  t o  the  sun. 

l S m i t h ,  T. D. 1975. 
( S t e n e l l a )  i n  the  eastern t r o p i c a l  P a c i f i c  Ocean. Southwest F i s h e r i e s  Center 
Adminst rat ive Report No. LJ-75-67. La J o l l a ,  CA 88 pp. 

Est imates o f  s i zes  o f  two populat ions of  porpoise 
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Insu re  t h a t  observers wi th  a e r i a l  surveying experience and those 
w i t h o u t  experience had equal oppor tun i t y  t o  search f o r  schools under 
a1 1 environmental condi t ions.  

Search f o r  do lph in  schools us ing  methods compat ib le w i t h  l i n e  
t r a n s e c t  theory and estimate, e i t h e r  v i s u a l l y  o r  us ing  a 
n a v i g a t i o n a l  system, the perpendicu lar  d i s tance  o f  each school from 
the  t r a c k 1  i ne. 

When c o n d i t i o n s  permi t ted,  o b t a i n  v e r t i c a l  1.97 cm and 0.89 cm 
format  photographs o f  do lph in  schools f o r  enumeration o f  i n d i v i d u a l s  
and f o r  s tudy ing school composi t i o n .  

When necessary, leave the  t r a c k l i n e  and c i r c l e  d o l p h i n  schools t o :  
( a )  est imate the  number o f  i n d i v i d u a l s ,  ( b )  i d e n t i f y  t he  species, 
and ( c )  reco rd  swimming pa t te rns ,  school c o n f i g u r a t i o n  and o the r  
behavi o r a l  aspects . 
Have two observers i n  the  bow such t h a t  one moni tors  t h e  a c t i v i t i e s  
o f  t he  o the r  t o  determine i f  schools are missed and n o t  recorded. 

VARIABLES MEASURED 

Sea S t a t e  

s t a t e  was measured us ins  the Beaufor t  sca le (Table 1 )  which ranged 
from Beau fo r t  0 ( ve ry  calm sea;) t o  Beau fo r t  6 (rough seas). Sea s t a t e  
c o n d i t i o n s  were recorded a t  t he  t ime searching began o r  was resumed, a t  t he  
t ime o f  a do lph in  s i g h t i n g  and whenever sea s t a t e  c o n d i t i o n s  changed. 

Sun Glare 

Sun g l a r e  e f f e c t s  a re  dependent n o t  on l y  upon the  sun's h o r i z o n t a l  
p o s i t i o n  b u t  a1 so i t s  v e r t i c a l  p o s i t i o n .  Hor i zon ta l  sun p o s i t i o n  was recorded 
us ing  the  p o s i t i o n s  o f  a c lock  face w i t h  12 o ' c l o c k  d i r e c t l y  ahead. V e r t i c a l  
p o s i t i o n  was recorded as 12, 1, 2, o r  3 w i t h  12 d i r e c t l y  overhead and 3 on the  
ho r i zon  (F igu re  1). Sun p o s i t i o n s  were n o t  recorded d u r i n g  c loudy 
cond i t i ons .  Sun g l a r e  cond i t i ons  were recorded a t  t h e  t ime searching began o r  
was resumed, a t  t he  t ime o f  a s i g h t i n g  and whenever sun p o s i t i o n  changed. 

Dur ing prev ious a e r i a l  surveys ( H o l t  and Powers, 19821, the  bow observer 
was i n s t r u c t e d  t o  terminate the  searching e f f o r t  i f  he f e l t  t h a t  a l l  animals 
(schools w i t h  >14 animals) on t h e  t r a c k l i n e  c o u l d  n o t  be detected w i t h  
p r o b a b i l i t y  o f  one. This  may have occurred due t o  r a i n ,  darkness, very rough 
sea s t a t e s  o r  more f r e q u e n t l y  the  presence o f  d i r e c t  sun g l a r e  on t h e  
t r a c k l i n e .  Dur ing  t h i s  experiment we cont inued t o  search d u r i n g  a l l  sun 
p o s i t i o n s  i n  o rde r  t o  d e f i n e  a range o f  c o n d i t i o n s  where a l l  schools on the 
t r a c k l i n e  c o u l d  be detected. 

Y 
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Observer Performance 

The c r i t i c a l  assumption t h a t  a l l  schools on t h e  t r a c k l i n e  a re  detected 
may be a f f e c t e d  by the  a b i l i t y  o f  i n d i v i d u a l  observers t o  d e t e c t  schools. 
Experience i n  d e t e c t i n g  animals from the a i r  may be c r i t i c a l .  Therefore, i n  
t h i s  experiment data fo r  observers w i t h  prev ious a e r i a l  survey experience and 
those w i t h o u t  were co l l ec ted .  I n  add i t i on ,  a bow moni tor  prov ided a d i r e c t  
v i s u a l  check o f  t he  bow observe r ' s  performance. 

STUDY AREA AND ITINERARY 

Area o f  Operat ion 

The a i r c r a f t  operated along the P a c i f i c  coast  near L i b e r i a ,  Costa Rica. 
F l i g h t s  occurred i n  a coasta l  band extending seaward f o r  approximately 55.5 km 
and p a r a l l e l  t o  the coas t  f o r  approximately 111 km ( F i g u r e  2) .  The 
experimental design requ i red  the study area be sampled under a1 1 environmental 
cond i t i ons .  The area de f i ned  was o f f s h o r e  the c o a s t l i n e  from 9'41' t o  10'40'N 
l a t i t u d e  and from 85'20' t o  86'21'W long i tude .  This  area was se lec ted  by 
examining t h e  l o c a t i o n  o f  e f f o r t  encountered under the va r ious  sea s t a t e  
cond i t i ons .  Furthermore, the l o c a t i o n  of t h e  western l o n g i t u d i n a l  boundary 
was se lec ted  t o  maximize the  chance o f  enough survey e f f o r t  i n  the  area w h i l e  
i n s u r i n g  a l l  experimental f a c t o r s  were s p a t i a l l y  d i s t r i b u t e d  and t o  reduce the  
i n c l u s i o n  o f  b i a s  owing t o  onshore-to-offshore dens i t y  g rad ien ts  (Appendix I ) .  

F1 i g h t  Schedule 

The survey was scheduled t o  begin January 2, 1981; however, because o f  
mechanical and l o g i s t i c a l  problems, the  f i r s t  survey f l i g h t  d i d  n o t  occur 
u n t i l  March 7, 1981. The plane was f e r r i e d  from i t s  home base i n  Naples, 
F l o r i d a  t o  San Jose, Costa Rica between February 18-22, 1981, and t o  the study 
base a t  L i b e r i a ,  Costa Rica on March 1, 1981. Survey f l i g h t s  were conducted 
between March 7 and A p r i l  5, 1981 o u t  of L i b e r i a .  The plane was f e r r i e d  back 
t o  Naples between A p r i l  7-9, 1981. Survey f l i g h t  schedules were: 

F l i g h t  Departure Return F1 i g h t  Length 
number Date ( l o c a l  t ime)  ( l o c a l  t ime)  (hours:minutes) 

1 3/7 1455 
2 3/9 1400 
3 3/10 0750 
4 3/11 0830 

1314 
5 3/12 0637 

1252 
6 3/13 0632 

1312 

1720 
1732 
1144 
1200 
1708 
1016 
1714 
1105 
1655 

2:25 
3:32 
3:54 
3: 30 
3:54 
3:39 
4:22 
4: 33 
3:43 
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F1 i g h t  Departure Return F l i g h t  Leng th  
number Date ( loca l  time) ( l o c a l  time) ( h ou r s : in i n u t e  s ) 

7 

8 
9 
10 

11 
12 

13 
13 
14 
15 

16 

3/15 

3/16 
3/17 
3/19 

3/20 
3/21 

3/22 
4/ 1 
4/3 
4/4 

4/5 

0651 
1335 
0637 
0637 
0646 
1438 
0854 
0620 
1338 
06 14 
0657 
1358 
618 
1445 
06 14 
1409 

1113 
1726 
1118 
1245 
1207 
1720 
1146 
1108 
1651 
1029 
0926 
1742 
1045 
1800 
1050 
1710 

4:22 
3:51 
4:41 
6:08 
5: 21 
2:42 
2:52 
4:48 
3: 13 
4: 13 
2:29 
3:44 
4: 27 
3: 15 
4:36 
3:Ol 

PERSONNEL 

S c i e n t i f i c  Par ty  

Rennie Holt ,  Chief S c i e n t i s t ,  NMFS 
William Brinkerhoff ,  NMFS 
Larry Hansen, NMFS 
Mark Lowry, NMFS 
Frank Rals ton,  NMFS 
Will iam Walker, Los Angeles Natural History Museum ( c o n t r a c t o r )  

F l i g h t  Crew 

John Olson, Chief P i l o t  ( F l i g h t s  1-13) 
Timothy Flynn, Chief P i l o t  ( F l i g h t s  14-16) 
Robert DeRosa, Co-Pi lot  

EQUIPMENT 

A i r c r a f t  

A Beech , AT11-A modi f i ed, two-engi ne, ex-mi 1 i t a r y  bornbardi e r  trainer 
a i r c r a f t ,  owned and operated by Aero-Marine Surveys, Inc . ,  Groton, Connecticut 
was used in the survey. Reasons f o r  s e l e c t i n g  this a i r c r a f t  were: 

1. Flying speed - The plane was capable of f l y i n g  a t n i n i m t t m  of 185-278 
km/hr  depending on preva i l ing  winds. 
a e r i a l  surveys ind ica t e s  f l i g h t s  should be flown i n  th is  range t o  
ensure de tec t ion  o f  school s on the track1 i ne. 

Experience with previous 
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2. 

3 .  

4. 

5. 

6. 

Observat ion areas - As a bombardier t r a i n e r ,  the  nose o f  t h e  
a i  r p l  ane was made o f  p l  e x i  g l  ass , a1 1 owing unobstructed forward and 
downward v i s i b i l i t y .  
i n s t a l l e d  i n  the  r e a r  o f  t he  plane. 
a l lowed unobstructed v e r t i c a l  and a f t  view w i t h  l e s s  than 185 m 
from the  t rack1  i ne. 
approximately 555 m was p a r t i a l l y  obs t ruc ted  by the  wings o f  t he  
p l  ane. 

Mod i f i ed  l e f t  and r i g h t  w a i s t  windows were 

Forward v i  s i  b i  1 i ty a t  d i  stances g rea te r  than 

These windows were 41x58 cm and 

Range - F u l l y  loaded and i n  good f l y i n g  c o n d i t i o n s  the  plane was 
capable o f  f l y i n g  a t  l e a s t  1159 km. 

Safety  - The plane cou ld  f l y  on one engine i f  necessary. 

Cost - The hour l y  c o n t r a c t  r a t e  a l lowed a s u f f i c i e n t  number o f  
f l i g h t s  t o  o b t a i n  the  needed sample s izes.  A d d i t i o n a l l y ,  the  p lane 
was o f f e r e d  a t  the lowest  p r i c e  i n  the  compet i t i ve  b idd ing  process. 

Experience o f  con t rac to r  - Aero-Marine Surveys had considerable 
exper ience conduct ing surveys o f  t h i s  type. 

Navi ga ti on Sy s tem 

An Omega Nav iga t ion  System (ONS) was used throughout the  survey. The 
system was used by the  s c i e n t i s t s  t o  o b t a i n  geographic p o s i t i o n ,  ground speed, 
and perpend icu la r  d is tance o f  a school from the  t r a c k l i n e .  Data cou ld  be 
" f rozen"  i n  t h e  d i sp lay  mode f o r  subsequent t r a n s f e r r i n g  t o  data sheets. 

Cameras 

Three d i f f e r e n t  format-s ize cameras were used t o  photograph do lph in  
schools and document the  survey. These were a KA-62A (1.97 cm) format  a e r i a l  
reconnaissance camera, f o u r  70 rnm (0.89 cm format)  Hasselblad cameras, and a 
Nikon 35 mm camera. 

B inocu la rs  

Two types o f  b inocu la rs  were used. One, SWIFT Admiral Mark I ,  Model No. 
751 (10x50 power) glasses, was used p r i m a r i l y  t o  i nspec t  poss ib le  t a r g e t s  seen 
w i t h  the  unaided eye a t  l ong  d is tances from the  plane and the  other ,  M i n o l t a  
C e l t i c  (7x35 power) wide angle b inocu la rs ,  was used i n  making species 
i den ti f i ca ti ons . 

Dye Markers 

A m ix tu re  o f  eosin,  powered aluminum and small gravel  enclosed i n  a paper 
bag was dropped from t h e  p lane as near a school as poss ib le  t o  a i d  i n  
r e t u r n i n g  t o  the  l o c a t i o n  o f  the  school. 
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Clock 

A d i g i t a l  Casio ba t te ry  operated clock was used t o  record time of 
s i g h t i n g s  and posi t ions.  The clock displayed hours and minutes only. 
Consequently, ca lcu la t ions  of ground speed f o r  some legs  of e f f o r t  where few 
k i  1 oineters were searched were imprecise. 

DUTY STATIONS 

S i x  duty s t a t i o n s  were used d u r i n g  the survey, w i t h  observers ro ta t ing  
sequent ia l ly  through a l l  s t a t ions .  

1. Bow: The bow observer s a t  i n  the plexiglass  nose. His major 
r e spons ib i l i t y  was t o  de tec t  a l l  schools i n  a path approximately 
185 m wide d i r e c t l y  beneath the a i r c r a f t .  
plane over a school when i n  a c i r c l i n g  mode. 

He usually d i rec ted  the 

2. Recorder: The recorder s a t  d i r e c t l y  behind the p i l o t s  where he could 
v isua l ly  monitor the ONS readout. He d i d  not have access t o  the ONS 
cont ro ls ,  and had to  request the p i lo t s  t o  display spec i f i c  data 
elements i n  the  readout u n i t .  His du t i e s  were t o  take t r ansec t  data 
a t  regul a r  in te rva l  s and make notes o f  any pe r t i  nent informati on 
t ransmit ted t o  h i m  via the Internal  Comniunication System (ICs). A t  
times of s i g h t i n g s  he was responsible f o r  immediately recording the 
p l ane ' s  posi t ion,  time, and perpendicular dis tance of the school 
from the t rackl ine .  
s i g h t i n g  forms (Figures 3 and 4 )  were recorded while the sighted 
school was being observed. Observer school s i z e  es t imates  were 
generally not given over the ICs. 

Other data required by the t r ansec t  and 

3 .  Left Waist: The port  s ide  observer s a t  on a cushion i n  the extreme 

The viewing window was located i n  the rear  o f  

a f t  of the cabin and observed an area from the edge o f  the plane 
outboard to  a varied 1 imi t set pritnari l y  by envi ronrnental conditions 
and plane a1 t i  tude. 
the plane so t h a t  the observer could see downward s l igh t ly  under the 
plane, f o r  observation of pa r t  of the t rackl ine .  

4. Bow Monitor: The bow monitor s a t  beside the bow observer i n  the  
p lex ig lass  nose of the a i r c r a f t .  
visual check of the a b i l i t y  of the bow observer t o  de t ec t  schools 
d i r e c t l y  beneath the airplane.  
ind ica t ing  the presence of a school u n t i l  i t  was obvious t h a t  the 
bow observer had f a i l e d  t o  de t ec t  i t s  presence i.e. the plane had 
completely overflown the school w i  thout  i t s  detect ion.  

His major duty was t o  serve as  a 

The bow monitor refrained from 

5 .  R i g h t  Waist: The starboard observer s a t  on a cushion adjacent  the 
por t  observer b u t  on the starboard side of the a i r c r a f t .  His duties 
were ident ica l  t o  the l e f t  wais t  observer except on the opposite 
s ide  of the a i r c r a f t .  

6. Off: The l a s t  s t a t ion  was a nonduty r e s t  posi t ion.  
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OBSERVER TEAMS AND ROTATION 

Observers changed p o s i t i o n s  e i t h e r  when the  plane reversed d i r e c t i o n s  t o  
survey i n  t h e  opposi te  d i r e c t i o n  o r  a f t e r  45-55 minutes i f  the  plane was 
f o l l o w i n g  t r a c k l i n e s  t h a t  zig-zagged across the study area. As a r e s u l t  o f  
t he  r o t a t i o n a l  system observers were e f f e c t i v e l y  p a r t i t i o n e d  i n t o  two teams, 
each w i t h  t h r e e  members. The members o f  t he  "experienced" team had 
p a r t i c i p a t e d  i n  prev ious a e r i a l  surveys t h a t  used l i n e  t r a n s e c t  methods, w h i l e  
t h e  members o f  t he  " inexperienced" team had n o t  p a r t i c i p a t e d  i n  a e r i a l  surveys 
o f  any t ype  and were n o t  f a m i l i a r  w i t h  l i n e  t r a n s e c t  methods except as 
i n s t r u c t e d  du r ing  t h e  presurvey t r a i n i n g .  Experienced observers were assigned 
number codes 8, 10 and 11 w h i l e  inexper ienced observer codes were 12, 13 and 
14. Each team represented an independent e f f o r t  i n  t h a t  members o f  a team 
always occupied the  observat ional  p o s i t i o n s  (bow observer, l e f t  and r i g h t  
w a i s t )  a t  the same time, and a l t e r n a t e d  observing w i t h  members o f  t he  o the r  
team. 

The experienced and inexper ienced teams a1 te rna ted  occupying the  
observat ional  p o s i t i o n s  a t  t he  beginning o f  each f l i g h t .  The bow moni tor  was 
a member o f  the opposing team. A d i e  was r o l l e d  t o  determine s p e c i f i c  
s t a r t i n g  duty s t a t i o n s  w i t h i n  each team. P o s i t i o n s  were assigned so t h a t  each 
observer had approximately equal access t o  each s t a r t i n g  p o s i t i o n .  

T r a i n i n g  f o r  t he  study i nc luded  f l i g h t s  aboard U.S. Coast Guard 
h e l i c o p t e r s  near San Diego, emphasizing (1 )  s i g h t i n g  cues used t o  d e t e c t  
marine mammals, ( 2 )  methods t o  est imate school s izes,  ( 3 )  use o f  the Beaufor t  
scale, and ( 4 )  f a m i l i a r i z a t i o n  wi th  each element c o l l e c t e d  on t h e  data forms. 

PROCEDURES 

F1 i g h t  Procedures 

One day 's  searching e f f o r t  was considered as a s i n g l e  f l i g h t ,  a l though 
t h e  plane may have made a r e f u e l i n g  stop. I d e a l l y  a t y p i c a l  day 's  a c t i v i t i e s  
cons is ted  o f :  depar t i ng  the  aerodrome between 0600-0630, a 10-minute f e r r y  t o  
the  study s i t e ,  surveying u n t i l  1130, r e t u r n i n g  t o  a i r p o r t  and r e f u e l i n g ,  
depar t i ng  around 1330, surveying u n t i l  1700 and f i n a l l y  r e t u r n i n g  t o  the  
aerodrome t o  r e f u e l  f o r  the next  day's f l i g h t .  Th is  schedule was m o d i f i e d  
f r e q u e n t l y  due t o  mechanical and l o g i s t i c a l  problems so t h a t  o n l y  the  morning 
o r  a f ternoon segment was completed. Because o f  delays encountered p r i o r  t o  
the  beginning o f  t he  survey f l i g h t s ,  a 4-day f l i g h t  schedule was attempted. 
The f i r s t  and t h i r d  days' f l i g h t s  i nc luded  morning and af ternoon segments, t he  
second day 's  f l i g h t  i nc luded  on ly  a morning segment, and the  f o u r t h  day was an 
o f f  day. This  schedule however cou ld  n o t  be maintained due t o  mechanical and 
l o g i s t i c a l  emergencies. I n  p rac t i ce ,  f l i g h t s  were genera l l y  completed when 
the  p lane and crew were ava i l ab le .  A summary o f  events t h a t  c o n t r i b u t e d  t o  
f l i g h t  schedule changes i s  g iven i n  Appendix 11. 

Once on a survey t rack ,  the p i l o t s  fo l l owed  a predetermined l i n e  and 
mainta ined an a l t i t u d e  o f  274 m. The a i r c r a f t ' s  ground speed was genera l l y  
mainta ined between 185 and 278 km/hr dependent upon wind speed and 
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d i r e c t i o n .  The p lane ' s  course u s u a l l y  was n o t  a l t e r e d  t o  avo id  r a i n  squa l l s .  

T rack l i nes  were o r i e n t e d  t o  p rov ide  a range o f  o r i e n t a t i o n s  o f  the plane 
t o  the  sun. General ly l i n e s  were p laced p a r a l l e l  t o  the coast  i n  a nor th-  
south and northwest-southeast d i r e c t i o n s  (F igu re  2 ) .  L ines  were a1 so surveyed 
which cr iss-crossed t h e  study area t o  o b t a i n  des i red  sun o r i e n t a t i o n s .  The 
same t r a c k l i n e  may have been f lown on more than one occasion. The l o c a t i o n  o f  
t he  f i r s t  t r a c k l i n e  f l own  each day was v a r i e d  wi th d i s tance  from shore. 

Search Procedures 

I n  general , searching procedures used t o  de tec t  do l  ph in  school s f o l l  owed 
those used i n  t h e  NMFS 1979 a e r i a l  survey (Jackson, 19792) w i t h  a major 
d i f f e r e n c e  t h a t  the search mode was n o t  terminated under adverse cond i t i ons .  
The search mode o f  each survey f l i g h t  began when the  p lane was on the 
t r a c k l i n e .  On a cue from the p i l o t ,  t ime and p o s i t i o n  were recorded and the  
observers began scanning the  sea sur face f o r  s igns o f  dolphins.  S i g h t i n g  cues 
used t o  l o c a t e  the  dolph ins d i f f e r e d  depending on the sea s tate,  sun p o s i t i o n ,  
s i z e  o f  t he  school, behavior of the dolphins, and d is tance o f  t h e  school from 
the  a i r c r a f t .  

The d i s tance  from the plane a t  which a school c o u l d  be observed 
decreased as the sea s t a t e  increased. Fo r  example, w i t h  calm seas, Seaufor t  
two o r  less,  va r ious  sea sur face p a t t e r n s  c o u l d  be d i s t i n g u i s h e d  up t o  several  
m i l e s  away from the  a i r c r a f t .  These pa t te rns ,  r e f e r r e d  t o  as "scars," would 
then be s c r u t i n i z e d  w i t h  b inocu la rs  t o  determine the presence o f  dolphins.  
Under the  same cond i t i ons ,  b u t  c l o s e r  t o  the  plane, sur face disturbances 
and/or t h e  dolph ins themselves were o f t e n  the  s i g h t i n g  cues. As sea 
c o n d i t i o n s  worsened, w i t h  l a r g e r  swel ls  and more wh i te  caps, scars and o the r  
sur face d is turbances became more d i f f i c u l t  t o  detect .  Such changes 
necess i ta ted t h a t  t he  observer concentrate h i s  e f f o r t s  c l o s e r  t o  the 
a i r c r a f t .  Under adverse sea condi t ions,  Beau fo r t  f i v e  o r  h igher ,  t h e  animal 
i t s e l f  was u s u a l l y  t he  on ly  d i s c e r n i b l e  sign. I n  these s i t u a t i o n s ,  a l l  
searching was done c lose  i n  t o  the  a i rp lane .  B i r d  a c t i v i t y  was a l s o  used as a 
s i g h t i n g  cue du r ing  a l l  sea s tates.  

A l l  observers, i n c l u d i n g  the " o f f "  observer i f  he desired, were i n  
constant  communication w i th  each o the r  and the p i l o t s  v i a  the  ICs. Throughout 
each survey f l i g h t ,  the recorder  maintained a Transect Record (F igu re  3 )  o f  
t he  f l i g h t ,  l e g  number, date, a l t i t u d e ,  ground speed ( i n d i c a t e d  on the ONS), 
and the code numbers o f  personnel a t  each o f  the observer s t a t i o n s .  Sea s t a t e  
and sun p o s i t i o n  were a l s o  noted a f t e r  c o n s u l t a t i o n  w i t h  the  observers. A new 
t r a n s e c t  reco rd  o r  l e g  was s t a r t e d  a t  each r o t a t i o n  of observers, when the  
a i r p l a n e  made a major course o r  a l t i t u d e  change, o r  when environmental 
c o n d i t i o n s  changed, e.g., a change i n  Beau fo r t  o r  sun p o s i t i o n .  Geographic 

2Jackson, T. D. 1979. T r i p  r e p o r t :  porpoise popu la t i on  a e r i a l  survey o f  the 
eastern t r o p i c a l  P a c i f i c  Ocean, January 22 -Apr i l  25, 1979, Southwest F i s h e r i e s  
Center A d m i n i s t r a t i v e  Report. LJ-80-1, La J o l l a ,  CA 74 pp. 



9 

p o s i t i o n s  and l o c a l  t imes were recorded a t  t he  beginning and end o f  each l e g  
and a t  f requent  i n t e r v a l s  ( t r a n s e c t  checks) throughout the l eg .  Local t ime 
was subsequently converted t o  Greenwich Mean Time. Posi ti ons were a1 so 
recorded f o r  each s i g h t i n g  and when the  a i r c r a f t  d i v e r t e d  o r  re tu rned  t o  t h e  
t r a c k l i n e .  "Search" o r  "no search'' modes were noted f o r  each geographic 
p o s i t i o n  and " s i g h t i n g  record numbers" were referenced t o  s p e c i f i c  p o s i t i o n s  
where a s i g h t i n g  occurred. 

When a s i g h t i n g  was announced, the recorder  immediately logged the  t ime 
and p o s i t i o n ,  and assigned a sequent ia l  s i g h t i n g  number. Concurrent ly,  t h e  
person making the s i g h t i n g  determined i f  the  plane should be d i v e r t e d  from 
t r a c k  t o  i n v e s t i g a t e .  The plane genera l l y  d i d  n o t  d i v e r t  i f  ( a )  t he  school 
cons i s ted  s o l e l y  o f  l a r g e  whales, (b )  a suspected cue was detected a t  a 
perpendicu lar  d i s tance  s u b s t a n t i a l l y  g rea te r  than 1.85 km, ( c )  t he  school s i z e  
was obv ious ly  l e s s  than 15 animals, o r  ( d )  f o r  schools w i t h  more than 15 
animals, environmental c o n d i t i o n s  were u n s u i t a b l e  f o r  photography. I f  the  
observer determined t h a t  a s i g h t i n g  was made b u t  decided n o t  t o  d i v e r t  t he  
p lane f o r  f u r t h e r  observat ions,  he i n s t r u c t e d  the  p i l o t  t o  cont inue on 
t rack .  He then re layed  h i s  i n f o r m a t i o n  concerning t h e  s i g h t i n g  t o  the 
recorder  who f i l l e d  o u t  a S i g h t i n g  Record (F igu re  4 )  data sheet. Observer 
search e f f o r t  cont inued i f  the a i r p l a n e  was n o t  d i ve r ted .  

If the  observer decided t o  d i v e r t  t he  plane, he asked the p i l o t  t o  t u r n  
l e f t  o r  r i g h t  so he cou ld  cont inue observing the school as the plane 
c i r c l e d .  A t  the same time, he a l so  i n s t r u c t e d  the  recorder  t o  note the "cross 
t rack ' '  d i s tance  i f  he f e l t  an accurate reading c o u l d  be obtained. 

I f  condi ti ons were su i  tab1 e f o r  a e r i  a1 photography, t he  observer 
requested a photographic run. The p i l o t s  then p o s i t i o n e d  the plane between 
t h e  sun and the  school, so t h a t  t h e  approach was made w i t h  the  sun on the  
a i r c r a f t ' s  t a i l ,  a p a t t e r n  found most e f f e c t i v e  i n  prev ious a e r i a l  surveys. 
The observer a l s o  i n s t r u c t e d  the p i l o t s  t o  reduce a i rspeed t o  approximately 
185 km/hr w h i l e  ma in ta in ing  274 m. Normally, t he  bow observer, having 
v i s u a l l y  l o c a t e d  the school w h i l e  the plane c i r c l e d ,  d i r e c t e d  the p i l o t s  over 
the school du r ing  a photographic pass. From the  bow p o s i t i o n ,  he e i t h e r  f i r e d  
the  cameras o r  commanded another observer t o  s t a r t  and stop the  p i c t u r e  
se r ies .  When the  plane was d i r e c t l y  over the  school, t he  recorder  was 
i n s t r u c t e d  t o  o b t a i n  another c ross - t rack  d i s tance  and, i f  poss ib le ,  a 
geographic p o s i t i o n .  The perpendicul  a r  d i s tance  o f  the school from the  
a i r c r a f t  was subsequently ca lcu lated.  

Fo l l ow ing  the  photographic r u n ( s ) ,  t he  approach p a t t e r n  was changed 
s l i g h t l y  t o  a l l o w  optimum observat ion f o r  t he  observers t o  est imate school 
s ize.  On these passes, s t i l l  a t  274 m, the plane was p o s i t i o n e d  so t h a t  t he  
do lph in  school was s i t u a t e d  w i t h i n  185 o r  370 m o f  the  plane and on the s ide  
opposi te  the sun. As the a i r c r a f t  approached the  school , t h e  p i l o t ,  u s u a l l y  
d i r e c t e d  by the bow observer, dipped the wing t o  g i v e  the  observers a near 
v e r t i c a l  view o f  the school w i t h  minimum glare.  A l l  a v a i l a b l e  observers made 
independent est imates o f  school s ize.  Using t h i s  same c i r c l i n g  pa t te rn ,  
species i d e n t i f i c a t i o n  was attempted. One observer, u s u a l l y  M r .  Walker, t h e  
marine mammal i d e n t i f i c a t i o n  s p e c i a l i s t ,  viewed the  dolph ins through wide 
angl e b i  nocul a r s  whi 1 e t he  rernai n i  ng observers 1 ooked w i  t h  the1 r unai  ded 
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eye. Between 
took p lace  t o  
con t  nued u n t  
(usual  l y  l e s s  

each pass, discussions on noted i d e n t i f i c a t i o n  c h a r a c t e r i s t i c s  
a s s i s t  i n  determining the species. C i r c l i n g  i n  t h i s  manner 
1 a p o s i t i v e  i d e n t i f i c a t i o n  was made o r  t ime c o n s t r a i n t s  
.han 10 minutes) necess i ta ted r e t u r n i n g  t o  the  t r a c k l  i ne .  

I f  c o n d i t i o n s  were n o t  s u i t a b l e  f o r  photography, the c i r c l i n g  procedure 
was abbreviated. An at tempt was made t o  est imate school s i z e  and, i f  
poss ib le ,  t o  determine species i d e n t i f i c a t i o n  i n  one pass. I f  i t  was apparent 
t h a t  school s i z e  was g rea te r  than 14, t he  plane re tu rned  t o  t rack.  

L i  ne t r a n s e c t  methods r e q u i r e  determining perpendicu lar  d is tances o f  
ob jects ,  recorded as po in ts ,  frorn the  t r a c k l i n e  (Burnham e t  al . ,  1980). 
Dolphin school c o n f i g u r a t i o n s  are n o t  p o i n t s  b u t  range from t i g h t  compact 
c l u s t e r s  t o  loose aggregations. I n  theory,  t he  mid-point  o f  the c o n f i g u r a t i o n  
shoul d be u t i  1 i zed t o  determi ne perpendicul  a r  d istance; however , given the  
speed o f  t he  a i r c r a f t  and the s p a t i a l  d i s t r i b u t i o n  o f  t he  animals, t h i s  was 
not  p r a c t i c a l .  Instead, the perpendicu lar  d is tance f o r  a school was est imated 
by determin ing the  d is tance o f  t he  i n i t i a l  s i g h t i n g  cue ( i . e .  f i r s t  an imal (s)  
detected) t o  the  t r a c k l  i ne. 

The a p p l i e d  d e f i n i t i o n  o f  a "school"  a f f e c t s  the number o f  schools 
recorded. A group o f  do lph ins s p a t i a l l y  d i s t r i b u t e d  over a small area i n  a 
loose aggregat ion cou ld  be viewed as one l a r g e  school o r  several  smal ler  
independent schools. The 
dec i s ion  was somewhat subject ive,  b u t  we attempted t o  be c o n s i s t e n t  over a l l  
experimental cond i t i ons .  

We tended t o  view those aggregat ions as one school. 

As the  a i r c r a f t  re tu rned  t o  t rack  t o  resume searching, each observer made 
notes, i n  a personal notebook, o f  est imated school s i z e  (best-high- low) and 
species composit ion. School s i ze  was n o t  discussed over the  I C s  i f  more than 
one observer made an est imate.  Search e f f o r t  resumed when t h e  plane was a t  
the searching a l t i t u d e  and back on t r a c k .  

On occasion, when s i g h t i n g s  occurred i n  r a p i d  succession, t he  recorder  
asked each observer t o  reco rd  notes i n  h i s  own l o g  book concerning the  
s i g h t i n g .  S i g h t i n g  numbers were supp l i ed  over the ICs t o  i n s u r e  t h a t  data 
rJere coded accurate ly .  

RESULTS 

The pr imary o b j e c t i v e  o f  c o l l e c t i n g  data t o  a l l o w  comparison o f  s i g h t i n g  
survey r e s u l t s  under var ious sea s t a t e  and sun angle c o n d i t i o n s  was 
accomplished w i t h  373 s i g h t i n g s  o f  marine mammals made w h i l e  surveying 13,157 
km i n  16 f l i g h t s .  The t r a c k l i n e s  searched f o r  a l l  f l i g h t s  (F igu re  2) were i n  
t h e  area from 8"N t o  11"N l a t i t u d e ,  and from 85"W t o  88"W long i tude .  W i t h i n  
the  study area, 252 marine mammal s igh t i ngs ,  which met a l l  s e l e c t i o n  c r i t e r i a ,  
were made w h i l e  surveying 10,712 km on 15 f l i g h t s  (F igures 5-19). 

Data c o l l e c t e d  on each l e g  o f  e f f o r t  f o r  a l l  f l i g h t s ,  i n c l u d i n g  the  date, 
a l t i t u d e ,  i n d i c a t e d  ground speed, l o c a t i o n  o f  each observer, sun p o s i t i o n ,  sea 
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s ta te ,  number o f  s i g h t i n g s  of schools o f  marine mammals, km covered, and mean 
km/hr f o r  each l e g  are given i n  Table 2. Data c o l l e c t e d  ou ts ide  the study 
area are presented i n  Table 3. The "speed km/hr" was ground speed recorded 
from the ONS a t  the t ime each l e g  began w h i l e  ''mean km/hr i n  l e g "  was averaged 
ground speed c a l c u l a t e d  by d i v i d i n g  d is tances searched i n  a leg,  determined 
from s t a r t i n g  and endi ng geographi c pos i  ti ons , by e l  apsed t ime i n search 
mode. The l a t t e r  i s  a b e t t e r  i n d i c a t o r  o f  speed. 

The d e t a i l s  f o r  each o f  the marine mammal s i g h t i n g s  c l a s s i f i e d  by species 
groups a re  given i n  Table 4. Inc luded a re  the  f l i g h t  and leg,  date, sun 
p o s i t i o n ,  Beau fo r t  number, observer making the s i g h t i n g ,  perpendicu lar  
d is tance t o  the s i g h t i n g ,  geographic p o s i t i o n ,  and t h e  school s ize.  Most o f  
the schools were n o t  i d e n t i f i e d  t o  species, as discussed p rev ious l y .  E i g h t  o f  
t he  373 marine mammal schools recorded d u r i n g  the  survey were i d e n t i f i e d  as 
i n c l u d i n g  two species (mixed schools) and, t he re fo re ,  a re  presented tw ice  i n  
the  species l i s t s  and summary t a b l e s  ( i . e .  t o t a l  schools i n  Table 4 equal 
381). S i g h t i n g  which occurred ou ts ide  the study area are denoted by an 
a s t e r i s k  i n  Table 4. 

The requirements o f  the survey, l i s t e d  on page 1, necessary t o  accomplish 
the  o b j e c t i v e s  were met t o  var ious degrees. Requirements 2, 3, 4 and 7 were 
completed adequately: var ious sea s t a t e s  and sun o r i e n t a t i o n s  were 
encountered; experienced and inexper ienced observer teains remained i n t a c t  
throughout t h e  experiment; perpendicu lar  d is tances were est imated f o r  
v i r t u a l l y  a l l  s i g h t i n g s  and a bow moni tor  was present  on a l l  l e g s  o f  a l l  
f l i g h t s .  Dur ing the survey, two schools were detected by the  bow moni tor  
which were n o t  detected by the bow observer. These were schools 30 and 210 
(Table 4 ) .  Requirement f o r  use o f  a slow f l y i n g  a i r c r a f t  w i t h  unobstructed 
forward and downward views was p a r t i a l l y  met. The a i r c r a f t ' s  speed was 
s a t i s f a c t o r y ;  however, the view forward o f  the a i r c r a f t  from the s ide p o r t s  
was r e s t r i c t e d  by the wings. This  reduced the t ime a school was a v a i l a b l e  f o r  
d e t e c t i o n  be fo re  i t  was overflown. Requirement 5, a e r i a l  photography, was n o t  
accomplished due t o  very h igh  sea s t a t e s  and minimal o f f - t r a c k  c i r c l i n g .  
Requirement 6 was met, except t h a t  t he  procedure t o  minimize o f f - t r a c k  
c i r c l i n g  r e s u l t e d  i n  a l a r g e  number of t he  schools recorded as u n i d e n t i f i e d  
dolph ins (Table 4) .  

The data presented here w i l l  a l l o w  e v a l u a t i o n  o f  l i n e  t r a n s e c t  dens i t y  
e s t i m a t i o n  methods under d i f f e r e n t  s i g h t i n g  c o n d i t i o n s  and f o r  observer 
e f f e c t s .  D e t a i l e d  analyses o f  the data a re  under way. 
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Table 1. Sea s t a t e  cond i t i ons  measured by the  Beaufor t  sca le  
( f rom Bowdi tch,  1966). 

Wind 
f o r c e  
(Beau- Descr i  p- 
f o r t )  Knots t i v e  

0- 1 

1- 3 

4- 6 

7-10 

11-16 

17-21 

22-27 

28-33 

Calm 

L i g h t  a i r  

L i g h t  
breeze 

Gent1 e 
breeze 

Mod e ra  t e 
breeze 

Fresh 
breeze 

Strong 
breeze 

Near ga l  e 

Sea cond i t i ons  

Sea smooth and m i  r r o r - 1  i ke. 

Scal e-1 i ke r i  pp l  es w i t h o u t  foam cres ts .  

Small s h o r t  wavelets; c r e s t s  have a 
g lassy appearance and do n o t  break. 

Large wavelets; some c r e s t s  beg in  t o  
break; foam o f  g lassy appearance. 
Occasional wh i te  foam c res ts .  

Small waves , becomi ng 1 onger; f a i  r l y  
f requent  wh i te  foam c r e s t s .  

Moderate waves , t a k i n g  a more pronounced 
long  form; many wh i te  foam cres ts ;  t he re  
may be some spray. 

Large waves begin t o  form; wh i te  foam 
c r e s t s  a re  more ex tens ive  everywhere; 
t he re  may be some spray. 

Sea heaps up and wh i te  foam from break ing 
waves begins t o  be blown i n  s t reaks  a long 
t h e  d i r e c t i o n  o f  the  wind; s p i n d r i f t  
begins.  

Probable 
wave 
h e i g h t  
i n  ft. 

1/4 

1/2 

2 

4 

6 

10 

14 
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Figure 1. Vertical  ( t o p )  and horizontal (bottom) sun posi t ions.  Cloudy 
conditions denoted by zero horizontal  and ve r t i ca l  posi t i  on. 
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Figure 5. Tracklines flown i n  the study area during f l i g h t  2.  Study a rea  
def ined i n  text.  
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F igu re  6. T rack l i nes  f lown i n  the  study area du r ing  f l i g h t  3. Study area 
de f i ned  i n  t e x t .  



63 

1 0 '40' 

i 
0 

1 OOOO' 

E 

COSTA RlCA 

LONGITUDE O W. 

F igu re  7. T rack l i nes  f lown i n  the study area du r ing  f l i g h t  4. Study area 
de f i ned  i n  t e x t .  
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Figure 14. Tracklines flown in the study area during f l ight  11 .  
defined in text.  
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Figure 15. Tracklines flown i n  the study area d u r i n g  f l i g h t  12 .  
defined i n  text. 
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APPENDIX I 

The exper imental  design requ i red  t h a t  t h e  study area be surveyed 
approximately un i fo rm ly  f o r  a l l  v a r i  ab1 es. Data encountered du r ing  t h e  
var ious  sun g l a r e  cond i t i ons  were p a r t i a l l y  se lec ted  by man ipu la t ing  the  
d i r e c t i o n  o f  t r a v e l  o f  the  plane du r ing  each f l i g h t .  Data encountered du r ing  
t h e  var ious sea s t a t e  cond i t i ons  cou ld  n o t  be se lec ted  b u t  were recorded as 
encountered. Dur ing  the  survey, F l i g h t  1, a t r a i n i n g  f l i g h t ,  and F l i g h t s  2, 
3, and 4 were used t o  determine an area where sea s t a t e  cond i t i ons  were 
uni form. I t  was perce ived e m p i r i c a l l y  t h a t  t h e  nor thern,  southern and f a r  
o f f sho re  reg ions covered by these f l i g h t s  had h igher  sea s t a t e s  than the  more 
inshore  reg ion,  there fore ,  the  m a j o r i t y  o f  the  subsequent f l i g h t s  were 
conducted c l o s e r  inshore.  Inspec t ion  o f  the  s p a t i a l  d i s t r i b u t i o n  o f  e f f o r t  
conducted d u r i n g  good (Beau f o r t s  0-2) and poor (Beaufor ts  3-6) cond i t i ons  
(F igures  A l - 1  and A1-2) conf i rmed t h e  empi r i ca l  observat ions.  The study area 
was de f i ned  from 9" 41'  t o  10" 40" l a t i t u d e  and from 85" 20'  t o  86" 21'W 
1 ongi tude. The 1 oca t ion  o f  t h e  western boundary was p l  aced conserva t i  ve l y  t o  
i nsu re  sea s t a t e  cond i t i ons  were s p a t i a l l y  d i s t r i b u t e d  i n  the  study area and 
t o  reduce the  i n c l u s i o n  o f  b i a s  owing t o  onshore- to-of fshore dens i ty  
gradients .  
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APPENDIX I 1  
Summary o f  Time-Lost Problems 

The major t ime l o s t  occurred p r i o r  t o  t h e  o u t s e t  o f  
survey was o r i g i n a l l y  scheduled t o  begin January 2; however, 
an engine f i r e ,  encountered by the  c o n t r a c t o r  w h i l e  comp 
p r o j e c t  forced the  scheduled departure t o  January 12. 

t he  survey. The 
del  ays, i n c l  u d i  ng 
e t i n g  an e a r l i e r  

On January 12 t h e  plane took o f f  from the  c o n t r a c t o r  s home o f f i c e  i n  
Groton, Connect icut  t o  f e r r y  t o  Naples, F l o r i d a ,  the designated home base f o r  
the survey. Immediately a f t e r  take o f f  t he  l and ing  gear mal funct ioned and 
cou ld  n o t  be lowered i n t o  the  l and ing  p o s i t i o n .  The plane was fo rced  t o  
complete a wheels-up l a n d i n g  a t  t he  Groton a i r p o r t .  Damage t o  the  a i r c r a f t ' s  
frame was minimal. However, both engines had t o  be replaced. The plane was 
repa i red  and was f lown t o  Naples, F l o r i d a  on February 12 a f t e r  a lapse o f  31 
days. 

The s c i e n t i f i c  crew departed San Diego f o r  Costa Rica v i a  commercial 
a i r l i n e  on February 13, b u t  the survey a i rp lane ,  which had departed Naples f o r  
Costa Rica, encountered rough weather and had t o  r e t u r n  t o  Naples. 
A d d i t i o n a l l y  a mechanical problem w i t h  the l a n d i n g  gear was found. The plane 
f i n a l l y  a r r i v e d  i n  San Jose, Costa Rica on February 22 a f t e r  a delay o f  10 
days. 

Dur ing the  nex t  few days several problems were encountered: an a e r i a l  
photography camera which had been a i r  "expressed" t o  San Jose d i d  n o t  a r r i v e  
f o r  two weeks, and then was impounded by customs; one a d d i t i o n a l  a i r c r a f t  seat 
f o r  the observer team was required; and camera mounts had t o  be custom made 
and i n s t a l l e d .  However, t h e  most ser ious problem was a cont inuous 30-40 k n o t  
crosswind blowing across the s i n g l e  runway a t  t he  San Jose a i r p o r t .  The AT-11 
a i r p l a n e  has a t a i l  l and ing  wheel, which makes t h e  plane very d i f f i c u l t  t o  
c o n t r o l  on l a n d i n g  i n  crosswinds g rea te r  than 20 knots. An a l t e r n a t e  a i r p o r t  
a t  L i b e r i a ,  Costa Rica was located.  A v i a t i o n  f u e l  was n o t  a v a i l a b l e  a t  t h e  
a i r p o r t ,  b u t  arrangements were completed f o r  f u e l  t o  be t rucked  t o  L i b e r i a ,  
and the base o f  operatons was moved t o  L i b e r i a  on March 6 a f t e r  a delay o f  13 
days. 

F l i g h t  1 occurred on Harch 7. The tachometer broke i n f l i g h t ,  and a 
replacement was f lown t o  San Jose from Naples. The p a r t  was i n s t a l l e d  and 
f l i g h t  2 was made on March 9 a f t e r  a delay o f  1 day. 

The morning segment o f  f l i g h t  3 was completed on March 10, however, 
e l e c t r i c a l  power t o  the gas pump used t o  r e f u e l  t he  a i r p l a n e  had been 
disconnected and the  af ternoon segment was cancel led.  

F l i g h t s  4 through 7 were made on schedule. The morning segment o f  f l i g h t  
8 was made b u t  t h e  af ternoon segment was cance l l ed  because o f  a l a c k  o f  
f u e l .  Add i t i ona l  f u e l  was obta ined and f l i g h t s  9-13 were made on schedule. 
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The f l i g h t  crew began a requ i red  scheduled 100-hour maintenance check o f  the 
a i r c r a f t  on March 24. Several needed r e p a i r s  were i d e n t i f i e d ,  i n c l u d i n g  a 
dead b a t t e r y ,  f a u l t y  p r o p e l l o r  governor, and a cracked c y l i n d e r  head. 
Replacment p a r t s  were obta ined and on March 31 f l i g h t  14 was attempted, 
however, t he  ONS f a i l e d .  A replacement was obta ined and f l i g h t  14 was f i n a l l y  
made on A p r i l  3 a f t e r  a delay o f  13 days. 

F l i g h t  15 was made on A p r i l  4 and f l i g h t  16 on A p r i l  5. The opera t i on  o f  
the ONS d u r i n g  o f f - t r a c k  c i r c l i n g  was i n t e r i n i t t e n t  and f i n a l l y  completely 
malfunct ioned. The dec i s ion  was then made t o  terminate the  stgdy and the 
s c i e n t i f i c  crew re tu rned  t o  San Diego on A p r i l  7. 
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