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ABSTRACT 

From September 1962 through December 1978 commercial aerial fi\h-\potter pilot\ operating off wuthern 
and central Cali fornia and northern 31exicii. maintained a flight log indicating the geographical area5 
searched and an e\timate of the quantit) of pelagic \pecie\ ohwrbed. Thew flight log\ w e r e  analyzed for  quan- 
titie\ o f  the various specie\ oherved per bloch area (10' Icingitude h? 10' latitude area). Fl ight\ were recorded 
as w r v e j i n g  a l l  or a prir l ion of 164,753 bloch are"\. A total of 110.375 hloch areas were \ur\e?ed dur ing the 
da! and 54.378 dur ing night iiperdtiims. A n  annual index o f  apparent ahundanre (arhitrar) \alue\l  wa\ com- 
puted for rdch of the ma,ior \pecie\ ohwrred. ho lh for  dd? and night aerial ohwrvations f rom selected geo- 
graphical areas. and for total ebserrations. The inde\ ralue computed i\ nut directly conipdrahle hetween 
species. 

Dur ing the period of  the sunc). the apparent abundance inder for Pacific sardine. Sardinops sagax caeru- 
lea, declined f rom 1.03 i n  1964 to 0.00 i n  1974. and no Ggnificant schools hare heen observed b) aerial w r v e ? \  
\ince. The nor lhern anchwy. Engraulre rnordax. night appdrenl ahundance index remained relativel! con\tant 
from 1963 10 1969 (2.99-4.351, increased whstantial l? i n  1973 to 14.99, then declined h? 1978 to a level  (1.911 
near that observed i n  1963-69. The da) inde\ for  Pacific hanito. Sarda chrliensrr. declined t o  a l o w  Ie\el i n  1968- 
69 (0.43-0.26), increased i n  I972 10 I . I  1 (a )ear of above a\erage \ea wrface lemperature). and i n  subsequent 
Year, declined again to a low lerel (20.1). Pacific marherel. Sconrber japonicur. populalieii hiomas, w a s  
apparentl) l o w  i n  1962 at the ?tart of (he \urve)s. and continued to decline t u  r r r ?  Ion night ahundanca letel, 
during 1967-79 (undefined range of  0.00 10 0.03). I n  1976 a \mall incr i n  the o\erdll  apparent i n d n  nil\ 

recorded. H? 1977 the night inde\ had increawd to 2.62. and i n  1978 i t  again increased to a high Ierel  cf7.46. 
,1arh mackerel. Trarhurur r jmmelncu \ .  \honed a declining ahundanre index \aIue dur ing 1969-75 (0.66-0.4tI). 
.Z \mall  increaw i n  the night index apparent ahundance wa\ noted i n  1976. and i n  1977 the night index 
inr reawd to 2.77. I n  I978 i t  then increawd ahout I .5 time\ to a record high o f  4.20. 

Downward trends i n  apparent ahundanre indew, were noted I i o  2 ?r i n  adtanre of decline, i n  Ihe  
coninwrcial cairhe, for northern anchor) and PdCifir honito. Limitat ion\ of collecled nonrandom data and 
\ariat ien\ in righting, and whool  4it. estimation hetween pilots are diwuswd. 'The apparent ahundance 
inde\e\ obtained f rom aerial \ur \e) \  are cunipared with mcdwrec f rom l a n a l  and a c i i u 4 r a I  w r \ e ) \ .  

4 ranh correlation anal!\i\ wa\ made to meawrc the agreement hetacen independent e\liniate\ of north- 
ern anchtn? \pawnink hioma\\. lanai i n d o ,  and aerial indet. Significant correlation\ w e r e  found for  the aer- 
ia l  and acou\tical \urve) indice, of 1972-7X for the northern ancho\? ( r< ~ 0.810. significant at the 0.05 le\el ) .  
Dur ing thi\  period onl) three larval w r v e y \  were conducted, i n w f i c i e n l  tu  calculate correlation. For earlier 
data. 1962-66 and 1968-69. Ian91 \\. aerial inde, gd\c a poor correlatiiln ( t0.30). .\ \ignificanl ciirrelatiiin 
wa, ebident for Pacific niackerel aerial inde\ rs. \pawning hionin\\ i n d m  ( r ,  ~ 1.00). 

IKTRODUCTION 

The Southwest Fisheries Ccntcr. National Marine Fisheries Serv- 
ice (NMFS). initiated an aerial pelagic fiah monitoring program in 

I962 with the cooperation ol fish-spotter pilots a c t i ~ e  in locating 
fish tor the central and southern California coniincrcial purse seine 
fisher). The program utilized the services of the aerial tish-\potter 
pilot ;I\ a spiii-off from their major occupation. The objecti\e ol thc 
monitoring program was to nieasure and evaluate the apparent 
abundance o l  pelagic near-surface schooling fishes. 

I t  was originall) h y p o t h e s i d  that basic sighting data for the var- 
ioua species-tonnage c\timates. or numbers of schools and their 
indib dual  tonnage eatiinates. compared with \ a r c h  effort-would 
provide a measure of the relative apparent abundance of each \pe- 
cies within a fiahing area. Such inforination would be useful in 

assessment ofthe available stochs. Since sighting information from 

the spotter pilots is used as an aid in fishing. the efficiency of the 
pilot in  locating schools and sometime\ directing the setting o f  the 
purw seine has affected the catch per effort of the purse seiner. 
Thcrefore. aerial spotter data may be iiiorc useful than fi\hing ves- 
SCI records for  detecting changes in abundance of intensively fished 
specie\. The' aerial fish-spotter a l m  records the ahundancc of 
pelagic species which may not currently be targeted upon by the 
fishery. Aerial survey data. therefore. can be particularly useful in 
evaluating undcrutilired pelagic near-surface whooling rewurces. 

The first report o n  the results of the program (Squire 1972) 
reviewed trends in apparent abundance for data collected from 1962 
through 1969. This review, updates these data through 1978 using 
the \ame analytical methods. Since publication o l  the first review, 
con\iderable changes in the apparent ahundance levels of  some 
pelagic specie\ has occurred. The \pecies of interest 10 this progrnin 
are all inemhers o l  a complcx. interacting coastal ecosystem. and 

1st in better defining changes in ahundance levels 
over time which occur within the coastal pelagic resources coni- 
plex. For a definition ot' ternis used such as abundance. apparent 
abundance. and relative apparent abundance, see Marr ( 195 1 ). 



The fish species most commonly observed by the commercial 
fish-spotters whilc operating olt central and southern California. 
and northern Baja California. Mexico, are the northern anchovy. 

jack mackerel. Trtrchunr 
ini.si .c:  Pacific mackerel 

Pacific sardine. Sorc/iriop,s ,sogu.r ctrcritlew: and bluefin tuna. Thurl- 
r i i ts  rh,wrric.s. Other species such as Pacific barracuda. Sphwuericr 
w p ' f l r c ' c f .  yellowtail. S w i o / t r  /u/utidci. white seabass. Alrut.lo.xioti 
/io/?i/i.\. and albacore. 77iroiwt.s crkdririgci.  are observed by the 
pilots. and are sonietinies caught hy the comniercial fleet with the 
aid o f  acnal spotters. Othcr animals such as the basking shark. 
C(vodiitius t w t - i r i i u s .  mammals (whales and porpoise). and inver- 
tebrates (squid-Loligo opcrk.sceri,s). have been ohserved and 
recorded. A total o f  20 species of fish have heen ohserved and 
recorded by the spotter pilots (Squire 1972). 

METHODS 

Commercial aerial fish-\potters have recorded flight tracks and 
fish school tonnage estiniatcs for the program since the fa11 o f  1962: 
1963. however, was the first complete yearofdata. The pilots in the 
program are full-time professional con11iiercial fish-spotter pilots. 
Participating pilots under contract wcre advtsed that a l l  \ightings of  
schooling fish \*ere to he reported. A total o f  I S  pilots have partlci- 
patcd in the program. Observation quality has remained relatively 
stahlc since the pilots who have made the majorcontrihution\ to the 
program have participated in i t  thi-oughout i t s  16.) r period. There 
h a  hccn n o  attempt to intcrcalihratc the pilot\. Thc onl) data gap in 
thc program is tor the second hal l  o f  1970 (Jul) through Dcccni- 
her). when contracts for observation data were cancelled. 

For a review o f  the methods and procedures for obtaining and 
processing the flight log observation data. and for results of the 
program for the period 1963-69. see Squire (1972). Caruso! 
described by details of computer coding o l thc  aerial obsx\ations 
lor future analysis. The general procedure lor recording fish sight- 
ing observations on flight log charts has not changed froni that 
described by Squire (1972). I n  1974 flight log charts were added to 
cover thc northwest coast o f  Baja California. Mexico. With the 

addition o f  charts for the area south o f  the United States-Mexico 
border. pilots recorded ohservation sighting data for summer flights 
i n  search o f  bluefin tuna. The borders o f  I O '  longitudex IO '  lati- 
tude "block areas" and associated "block numbers" were printed 
o n  the charts to expedite data coding. The "block areas" referred to 
are identical to the California Fish and Game statistical grid sys- 
tem. The area from Hal f  Moon Bay. Calif.. to Cedros Island. Baja 
California. Mexico, has six flight log charts. Divisions of  this area 
into "block areas." which wcrc later combined into larger grouped 
"zones" lettered A through T. are shown in Figure 1. 

Pilots recorded their flight paths and school sightings on the 
appropriate charts. Aerial spotter data was analyzed by using sum- 
maries of the number o f  block arcas entered into by the pilots as a 
measure o f  observation effort and tonnage estimates bf fish. 

Approximately 40.000 flight hours o f  observations were 
recorded. A total o f  164.7.53 block areas or portions o f  block areas 
w r e  surveyed: 110.375 (67%) during the day and S4.378 ( 3 3 % )  
dunng the night (Table I ) .  A graph o f  each year's day. night. and 
total observation effort i s  given in Figure 2. 

From 1962 t o  1978. n o  natural changes in the survey area 
occurred that could he classed as atypical. However, one unusual 
event did occur that had a severe local impact and affected the 
ohservation of  near-surface pelagic species. I n  late January 1969, a 
large release o f  crude oi l  occurred in the Santa Barbara Channel 
area. The o i l  release continued in varying quantities for sonie 
month\ afterward. and affected fishing and aerial fish-spotting 
operations in the eastern halt o t  the Santa Barbara Channel and 
around the Channel Island\. Since this was an area where concen- 
trations of  anchovy. jack mackerel. and Pacific bonito were previ- 
ously ohserved by the aerial spotters and fished by commercial 
seiners. the oil contamination resulted in a tcniporary cessation o f  
fi\hing. During the months when the surface crude oi l  spill was a 
problcni. howver. frequent aerial surveys o f  the Santa Barbara 
Channel and Islands area wcre made by the Union Oi l  Company. 
using an aerial spotter pilot who  as participating in the NMFS 
program. Data froni these ohservations were recorded in the same 
format as thc NMFS pelagic f i \h program and made available to the 
NMFS lor analysis. 

Flight log data represent a saiiiplc estimate otthe apparent abun- 
dance of pelagic species schooling in the near-surlacr layers o f  the 
arcas \u rw jed .  The selection o f  flight t rack  was nonrandom. 
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being determined by past experience regarding the most likely loca- 
tions for sighting schools of various species. real-time information 
from fishing boats and other spotter aircraft, and other rcccnt exper- 
ience. The specics identification of the chools  was determined 
during the day by physical characteristics such as shape or color of 
the fish or school. or by behavior of the fish. During the night. 
identification was made by the bioluminescent characteristics of the 
t,choolb shape or its behavioral response to a flash of light. Infor- 
mation from fishing vcssels was sometimes used in determining 
species composition. particularly where "mixed schools" were 
encountered. 

A pilot:\ estimate of school tonnage is based on many years of 
observing school size, shape, depth, and quantity as determined by 
catching the fish observed. It is possible to estimate a school's ver t -  
cal depth (distance from top of school t o  bottom) for schools of the 
larger pelagic species and small schools of such species as the 
northern anchovy. However, for large schools of the siiialler forage 
species. the actual depth of the school usually cannot be determined 
from the air. Therefore. information from fishing vessels was fre- 
quently used since they could determine the school; vertical depth 
using an echosounder. The horizontal shape and area of  the school 
could be estimated visually. Aerial spotter pilots are often paid o n  
the basis of tonnage caught. so a close check on tonnage taken by 
the purse seiner is important to the pilot 

SIGHTINGS AND ABUNDANCE INDEX 
TRENDS BY SPECIES 

Geographical Distribution of Fish School and 
School Group Sighting 

Current and historical records. based on catch or fishing boat log- 
book data. give some indication of the location of catch. but only by 
"block area" (a  IO '  longitudex IO'  latitude area), which measures 
about 8 x 10 nnii each at the latitude of southern California. A more 
detailed description of individual locations of  the center of school 
or school group sightings as observed o n  each flight (day plus 
night) for the period 1962 through 1978 is given in Figures 4-61, 

An illustration of how the center of sighting was determined is 
given in  Figure 3 .  The dot o n  the chart is the geographical center of 
the sighting. representing one or more animals or schools observed 
in the area. On some charts having a high density of sightings. an 
overlap or masking may occur. particularly for anchovy. 

Locations of centers of sightings are given for the northern 
anchovy (Figs. 4-1 I ) .  Pacific sardine (Figs. 14-18). Pacific bonito 
(Figs. 20-27). Pacific mackerel (Figs. 30-36). jack mackerel (Figs. 
38-45). bluefin tuna (Figs. 47-49), albacore tuna (Figs. SO and 5 I). 
yellowtail (Figs. 52 and 5 3 ) .  Pacific barracuda (Flgs. 54 and 5 5 ) .  
white seahahs (Figs. 56 and 57). basking shark ( F ~ g s .  58 and 59). 
and squid (Figs. 60 and 61). 

A review of the sighting distribution charts is given in the follow- 
ing sections for those areas having the inat sightings. In many 
instances the charts for north of Morro Bay and those below the 
United States-Mexico border are not shown because the observa- 
tion effort was low. or the effort was not expended in areas where 
the species of interest would be commonly observed. For example. 
anchovy charts are not given for the Monterey Bay area because. 
although anchovies have frequently been observed in the area. the 
observation effort since the inid-1950's has been low. Most of the 
flight observation effort south of the United States-Mexico border 
has been offshore in search of bluefin tuna, and. as a result. 
nearshore areas commonly having schools of anchovies are rarely 
surveyed and are therefore not given 

During the survey period. the following total number of sightings 
o f  schools or school groups were made: northern anchovy. 8.720; 
Pacific sardine. 195; Pacific bonito. 3.873: Pacific mackerel. 
I .273; .jack mackeral. 3.233: bluefin tuna. 1,314: albacore tuna. 
200; yellowtail, 94; Pacific barrdcuda. 138: white seabass. 70; and 
squid. 384. The observations of schools or school group for the 
major species observed represent a total tonnage sighted by day and 
night of 43.013.254 t of northern anchovy; Pacific sardine. 
442,644 t ;  Pacific bonito. 442.644 t; Pacific inackerel I .364.048 t ;  
jack mackerel I .869.256 t ;  and bluefin tuna. 507.366 t .  

Apparent Abundance Index Trends 

Day and night indices of apparent abundance for each zone and 
grouped zones have been calculated annually since 1963 for species 
of  northern anchovy. Pacific bonito. jack mackerel. Pacific mack- 
erel. Pacific wrdine. Pacific barracuda. and ycllowtail. Bluefin 
tuna indices have been calculated since 1974. 

I n  calculating the index value, one of four arbitrary tonnage 
ranges for each species was assigned. These cover thc range of 
observed tonnages that might be estimated to occur in any one 
block area. I n  order to provide a tonnage rangc value (.r) the mid- 
point of each range was divided by 100 for the northern anchovy. a 
species that is observed in larger quantities compared with any oth- 
ers and by I O  for Pacific bonito. jack mackerel. Pacific mackerel. 
Pacific sardine. and bluefin tuna. The midpoint of the tonnage 
range for yellowtail and white seabass was not reduced. The range 
ofohscrved tonnage and resulting r values arc given in  Table 2.  The 

l'sble Z.--Range of tonnagc and tonnage range value\ 
(A?. X i \  the index !slue hnwd on the  midpoini of the  
ohrencd IonnageilOU (hut nt,t for harmcuds or )el- 
Iontail). 
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tiillowing formula mas used to calculate annual indices o f  apparent 
abundance. day and night, by zone and hq species: 

LN;X, + N.X, + h',X, + N;X+ 
R: 

~ndex  of  apparent abundance= 

\*here N ,  I number o f  hlock area flights in which the \pecies 
occurred at value X ,  ! ,. 

X ,  , , : tonnage range values. 
N ,  = total nuniher ofhloch iirea flights in the /one during 

the year. 

The  index \ d u e .  then. represents the relationship hetween the 
aiiinunt o f  fish observed (tonnage range value-.i), divided h! the 
amount of search effort (number o f  hloch area flights) conducted 
either during the night or during the day. Day and night indices of 
apparent abundance for each Lone. and the annual a\erage da)' 
night indices ot apparent abundance tor all Lone\. arc listed in Tahlc 
3. The houndaric\ of the zones w'ere selected t ( i  outline important 
geographical areas m here fish were conimonly oh\eried. 

The indeh trends reviewed here are lo r  the major coniinercial 
\pecics of northern ancho\q. Pacific sardine. Pacific honito. 
Pacilic machcrel, jach mackerel. and hluelin tuna Apparent abuii- 
dance trend\ tor yello\vtail and Pacific harracuda. spccic\ u h ~ c h  
;ire primaril) target\ 0 1  the rccre;ition;il I i \h  
hut are not rci iewcd here. During the \u r \ey  period. sightings of 
these \pccie\ were le\b. and ha\e heen much reduced in recent 
)car\. with a re\ultant decrease in indiccs. 

An m i l ) s i \  (itsighting\ h! d a y  or night and oft(innagc ohscr\cd 
(Sqtiii-e 1972). indicated that the nm~hern aiicho\). Pncific niach- 
crel. Inch m;ichcrcl. and Pacilic \anline \bcrc ohscr\cd ii~oi-c frc- 
qucnrl! and in greater quantity during the night. Pacific honito ;ind 

hlucfin tuna \\ere o b x w c d  i n  greiitcrqumtity in the da).  The \clcc- 
t i o i i  01 the index that I\ 11 

dance of each \pecie\ i \  h 
In  the fo l lowing  section\. total eltoi-t and oh\cr\  ation\ h! !car 

arc s h o w n  in graphic displa!s ofdaq:night indc\ \ciIuc\ and 6 S. 
fishery catch trend\ during 1963-78 to r  each \pecics. along ~51th a 
review o f  area\ of high sighting density during 1962-78. 

Northern Anchovy 

klorro Hay t o  San Nicolas Island.-lY62-65. Fig. 4: 1966-69. 
Fig 5 :  1970-73. Fig. 6: and 1974-78. Fig. 7. 

The \ighting elfort north o f  Pt Conception \\;I\ frcatl! reduced 
alter the 1962-65 periocl. Anchob) \chool\ \\ere coiiinionl! 
oh\crked ( 1 1 1  M o r r o  Ba) and Acila. the latter area being ;I location 
where schools weic coiiinionl) ohsened The Santa Barhara coa\t 
from Gaviota ca\tward. ;tiid into the ca\tcrn end 01 the Santa Bar- 
ham Channel. h a d  a high h e 1  ofancho\) \ightinf\. % i th the inapr  
area o f  sighting located ofl\hore hcttbccn the cities ( 1 1  Santa Barhara 
and Ventura. In 1974-78. the center c)f \ighting appeared ki he 
\lightly farther offshore between Santa Barbara and Ventura. but in 
197X. the centerof\ighting appeared about equidi\tant hetween the 
t w o  cities and much nearer shore than oh\er\ed in pre\ iou\  )ear\. 

Pt. Hueneme to San Diego.-I962-65. Fig 8; 1966.69. Fig. 9: 
1970-73. Fig. IO:  1973-78. Fig. I I. 

In 1962.65. anchovy sighting\ were evcnl? di\tnhutcd between 
PI. Hucnetne and Dana Point. in the Catalina Channel. and ahout 
Catalina Island. Sightings were less frequent south of Dana Point to 
San Diego. From 1966 to 1969. the observations were centered in 

the Catalina Channel and numerous observations were also made 
nffthe coast from Long Beach tn Newport Beach. 

From 1970 to 1973. the major observation areas were again near 
the center o f  the Catalina Channel. with sightings extending 
northwe\t frntn the Channel south of Pt. Dume. 

Sighting occurrence\ for 1973-78 appeared to "clump" in the 
Catalina Channel area, extending from southcast of Long Beach to 
near Pt. Dume. 1978 sighting\ were more scattered throughout the 
area. except for high density areas o f  sightings southeast of Pt. 
Dume. 

Index Trends.-The northern anchovy night index trend (Figs. 
12. 13) was soinewhat constant during 1963-69. with an average 
night index level o f  3.50. The commercial catch increased sharply 
in 1969 and 1970. then declined in 1972. A period o f  warm sea sur- 
lace temperatures which wwe well above average. occurred from 
Augu\t to December 1972 in the northeastern Pacific (Mil ler and 
Laura 1975). and anonia lo t is  warm temperature\ may have affected 
anchovy availability. 

The index rose to 14.99 in 1973. and thc cominercial catch 
incre:ised to near 117.9 x 10' t .  Then. in 1974. a decline in index 
level and catch was evident. In 1975 the index increased t n  11.38 
and the catch increased to a record peak of 136.9 x I O '  t .  Thc catch 

a\ed \ligtitl! in I976 and 1977. then dropped to a very low 
I c \c I  olabout 1 6 . 3 ~  1 O ' t  in 1978 

The aerial apparent ahundance index declined in 1973-78 (see 
in\pcctioii fitted a\erage line. Fig. 12). and thi\ downward trend 
pi-cccdcd the decline ofthe fisher!. I n  1975. the pcah y e a r o f  catch. 
the apparent ahundancc ma5 not ;is great ;is i t  had heen in 1973. 
Howe\cr. \ufficiciit fish \\erca\ailahle in 197.5. at ;in index level of 
I I 38. to  nieet the needs (if the fisher!. The 1978 apparent abun- 
dance index l c \ e l  ot 1.91 nas  slightlq below the index level\ 
ohrer\cd during thc 1963-69 period. The total catch of anchovy in 
the central \rock ;ires. ofu hich the southern California tishcry is a 
part. w a \  greater than the catch totals giccn in Figure 12. due to 
\uhstantial quant i t ie\  o f  anchocy landed and processed at 

Enscnada. B:ija California. Mexico 
Night indices ohser\ed tor the niajor f i h i n g  areas from near 

S:inta Barbara to Dana Point. including the Channel Islands and San 
Pedro Channel. are shown i n  Figure 13. Zones G and H. the Cata- 
linii Channel. and the CatalinaiI3 mile banh area. wei-e the major 
producing ai-cas. and thc highe\t indice\ were recorded fo r  these 
areas. In 1978. a \ca\on o f  much reduced catches. thc apparent 
abundance index increased lo r  the Santa Barhara coastal area ( t o n e  
C ) .  the onl! ~ n o n i ~ 1 n i i s  trend ohser\~cd. 

Pacific Sardine 

\limo Ha! t o  San Nicolas Island.-l962-65. Fig. 14: 1966- 
69. Fig IS. 

The Pacific \ardine fisher! in the Montereq Bay area failed in the 
late IY30'5. By the time the aerial nionitoring surbeq program mas 
started. l i t t le observation effort mas being expended along the cen- 
tral California coast north of Morro Bay. I n  1962-65. sonie flights 
were made along the cnast from the south. to. and into. Monterey 
Bay. A few sardine schools were sighted in Montercy Bay hut ninst 
were sighted along the cnast south o f  PI. Sur to Cape San Martin. 
Some schools were sighted from Morro Bay north (Fig. 14). 

The la\ t  nia.ior catch of  sardines off  southern California was 
made near San Nicolas Island (lower right corner. Fig. 14). on 
opening day of the season. 1 September 1964. Prior to the season 
opening. aerial spotters estimated a maximum o f  ahout 9.1 x IO' t 
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of sardines in the area. After the start of fishing. the sardine school 
gnwp. which had k e n  observed in the fishing area for 2 w k  or more 
befon: the season opening. appeared to immediately \tart migrating 
southcast. Alter 2 d of fishing and a catch of about 2.7 x 10' 1 .  onl) a 
few additional tons were taken in the San Nicolas Island area. During 
1966-69 (Fig. 15). only a feu small  schtxis \*ere sighted along the 
coast off Morn) Bay. Avila. and Santa Barhara. 

Pt. Huenenie to San Diego.-l962-65. Fig. 16. 1966-69. Fig. 
17: 1970-73. Fig. 18. 

During 1962-65. sardines were mo\t frequently sighted in  the 
San Pedro Channel south ot Los Angclcs Harhor. and near Catalina 
Island. I n  1966-69. only 4% sightings were recorded off the Los 
Angeles area and southwest of  San Cleiiicnte I\land. The 1970-73 
chart shows a smal l  number of sightings oft La Jolla. near San 
Diego. Since 1974. the aerial spotters have not sighted an) individ- 
ual schools ofsardines. 

lndea Trends.-The pelagic resotircc aerial monitoring program 
was started after the major decline in sardine abundance occurrcd 
However. the aerial index gives an insight into the la\t declining 
years o f a  once major resource (Fig. 19). I n  1963. the catch wa\ 
only ahout 6.4 x I O '  t and the night index value uas ahout I .00: it 
was the last year sardines were caught in  any quantiry off \outhein 
California. In 1965. the index level declined t o a  very l o w  level and 
has remained at a 0.00 level since No individual \chool\ of  \ar- 
dines have been recorded since 1973. 

Pacific Bonito 

Morro  Ray to San IVicolas Island.-l962-65. Fig. 20: 1966- 
69, Fig. 21: 1970-73. Fig. 22: 1973-78, Fig. 23. 

The geographical distrihution o f  Pacific bonito sightings in  this 
area changed little during the survey period. They were frequently 
sighted along the coast from east of Pt. Conception to near Ventura. 
around Anacapa Island. Santa Crui I\land. and near the southea\t 
side o i  Santa Rtrsa I\land. They were more frequently observed 
along the south side o f  Santa Cmz Island. During 1974-78. the frc- 
quency of sighting\ decreased, but the general distribution of sight- 
ing\ remained the same. 

Pt. Huenerne to San I)iego.-l962-65. Fig. 23; 1966-69. Fig. 
25:  1970-73. Fig. 26: 1974-78. Fig. 27. 

The geographical distrihution of sightings changed little i n  this 
area trom 1962 to 1978. As in the case ofthe northern anchovq. the 
di\tribution pattern of Pacific bonito since the mid- 1960's has 
become more restricted. with sightings being found closer ttr the 
inainland coast and islands. The frequency ofsightings peaked dur- 
ing 1966-69. with the iiiajor 4ghting area being from the Coronado 
Islands, Mexico. to Dana Point. I n  1970-73, however. they were 
more commonly observed off San Diego. Sightings of Pacific 
honito were fewer in number during 1974-78. and the 1978 sight- 
ings were priinanly off  Dana Point. Newport Beach. and PI. 
Dume. 

Index Trends.-Pacific bonito increased i n  abundance off  Cali- 
fornia during the warm years o f  1957-58 and was fished lightly 
between that time and 1965. Due to decreases in the availability or 
abundance of the Pacific sardine, Pacific mackerel, andJack inack- 
erel. Pacific bonito became a target species. Catches off California 
more than doubled between 1965 and 1966, peaking with a catch ot 
about 9.2 x 10' t. 
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The day apparent abundance index (Fig.  28) remained at an aver- 
age level 01 1 44. 1963-67. then decrea\cd sharply to 0.43 in  1968. 
and to 0.26 in 1069. The catch declined ahout one-third during [h i \  
period. N o  data was availanle for June-Decciiiher 1970. hut the 
first half-year data (normally low) indicated teu schools were 
ohserved. The index increased to a peak of I .  I I i n  1972. possihly 
due to an anomalous uariii pel-iod in the northeastern Pacific dur- 
ing the wiiiiiicr and fall o f  1972. which inn) have caused an 
increased niigriition of  Pacific bonito into \outhern Caliliirnia froiii 
off northwestern Mexico. The index declined \harplq i n  1973 to 
0.39. while catches off California increased to a le\cl of  ahout 
8.2 x l0 ' t .  The day index cnntinucd todecline overthc year\ 1973- 
78 to ii very low leccl. 0.12. Catches decli i ietl sharply in 1975 to 

the I . 8  to 2 7 x 10't level and remained low. with ;I California catch 
of  1 2 Y 10' t reported in 1978. 

The major sighting areas for Pacific bonito (Fig. 29) were the Santa 
Barbara coast and Channel Islands (ioncs C and D) and the coastal area 
froin nearsan Diego to Dana Point (zone J ) .  The south coa\taI Lone ( J )  
had high indc.; Ic\,els i n  1963 and 1966 (record high for any one area) 
through 197 I ,  The Santa Barhara coast and Channel /one ( C )  was the 
high index area fbr 19M. 1965. 1972. 1974. and 1975. Since IY72. 
indcr. \aIue\ toi-all arcs\ declined to the IOU. Ic\el\ (rh\cr\cd in 1977. 
I n  1978. the night index incrcawd to 0 91 as Pacific bonito were 
ohsei-vcd iii greater qtimtities at night than dunng the da). a situation 
that wctimd only 111 one other year. 1973 

Pacific hlackerel 

Morro  Ba? to San Nicolas Island.-l962-65. Fis.  30: 1966- 
69. Fig. 31: 1974-78. Fig. 32. 

In the area of  Morro Bay 1 0  Sail Nicolas Island. Pacil'ic mackrcl  
v.crc coiiiiiionlq sighted i n  the Santa Barhara Channel arca mtl 
ahout the Channel Islands during 1962-65. Concentration\ were 
\ightcd along the c w s t  trom east nf Pt. Conception to near Vcntura. 
with a center ol  sighting near Santa Barhara. Soiiie rchool\ uxre 
\ightcd along the north coast ofSanta Cnii Island and the \outh \idc 
o f  Anacapa. 2nd on the north side ol San Nicolas l\Iand. During 
I W - h Y ,  only 2 I \chool\ or \chool groups mere sighted. niost 01' 
which were along the Santn Barbara coast. N o  schools were 
recorded fo r  1970 and 1974, hut  in  1977 and 1978, Pacific mack- 
crcl schools were again sishted ahout the Snnta Barhara Channel 
Islands in large number\. as shoun on the 1974-78 chart\. Between 
1974 and 1977. 54 \choolh or whool groups were recorded: i n  
1978. 74 uerc \ighted. 

During the 1962-65 period whtch preceded the decline ofthe Pacillc 
mackerel resource to a very low le\,el, niost schools were sighted most 
frcqucntlq along the Santa Barbara coastline. and less frequently 
around Santa C ~ L  and Anacapa Islands. In  contrast. during 1977 and 
1978. only I 1  \chtx)ls or school gn'ups were sighted along or ncnr the 
Santa Bahara coast. while 117 schools or school groups wcrc \ighted 
off the north and southeast o f  Santa C N L  Island and about Ana- 
capa Island, indicating a ahift i n  distrihution pattern tnmi the coast to 

about the Santa Barbara Channel Islands. 

1%. Hueneme to San lXego.-l962-h5. Fig. 33: 1966.69. Fig. 
33: 1970-73. Fig. 35: 1974-78. Fig. 36. 

During 1962-65. the principal centers o f  sighting were around 
the east end o f  Catalina Island. and south o f  Long Beach. Pacific 
mackerel were also sighted at scattered locations along the coast 
f rmi  San Diego to Pt. Huencine. and around San Cleiiicntc Island, 
Santa Barhara Island. and C o r t u  Bank. Few schools or school 
groups were sighted during 1966-69 or 1970-74. hut a d s t a n t i a l  



Table 3.-Annual indices of abundance For day and night observations. A dash (-1.) indicalec no flight observations in the zone, 0.00 indicates observation effort in 
four places. 

7nne 1967 1961 19M I965 1966 1967 1968 1969 (Jan thlulune) 
~~ 

NORTHERN ANCHOVY 
0 5111.22 
3 2513 I 8  
0.05 10.99 
0.0012.97 

-10.00 
-10 00 
- , I  .oo 

IO 98113.28 
6.17113.02 
0 401 2 70 
1.24110.02 
0.001 I 05 
3 661 I 7 1  
0511 I 8 1  
0 141 0 I? 
0.141 0.00 
0 781 0 67 

0.001- 

0.8017.32 
4.0813.08 
0 9012.85 
0 2314 75 
0 0013. I4 
5 7510 37 
0.5416 21 
0 3811 00 
0.0510. I I 
0 8516.08 

0 001- 

2.5112.48 
1 8515.75 
I 8218.63 
0.4813 67 
0.0010.12 
0.0010 58 
1.4213.23 
0.0511.90 
0 0210.34 
0 0018.00 
0 001- 

2 021 6.33 
0.29115 3 1  
0.271 2.79 
0 141 6.73 
1.091 0.23 
0001 2 6 1  
2.241 I 78 
2 281 1.43 
0.281 2 53 
0451 I 55 
0 001 0 22 

1 . 1 5 1 -  
0.281 0 30 
2.911 3 03 
0.631 5.12 
3 151 0 I I  
0.001 0.00 
2.401 8.32 
5.451 I 60 
2 87/ 0.71 
0.16120. I 6  
0 001 0.70 

0.28201- 0.00 10 00 -1- 
0 73461- 0.031710.00 0.07141- 
0.047611.7637 0.876911.9387 0.32401 0.6387 
0 045313,2438 0.412411.9662 0.0300/ 0.8163 
0 188110.1284 0.3218/0.6701 0.66661 0.00 
0.00 10.6000 0.00 10.00 -1 0.00 
0.551812.1056 5.014513.5780 31.7112117 5166 
0.646910.5820 6,359713,2604 17.97241 0.9949 
0.180110.2116 0.7862/0.4971 0.00 1 0 8288 
0.528211 I156 0.553613.3989 1.6282146.5483 
2 440010.0625 0 00 10.00 -1- 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 

Average 

/one\ 
dl l  

-1- 
. .  

1.7911.99 I 6412.99 1.0313.90 0 9614 18 0 8413 62 I .78/4.30 

2 54 

I 32741 I ,4599 I. 3043/4.3562 6.632518.834 I 

0.7183 2.4393 
Average 

D + N  

PACIFIC BONITO 
A 0 0010.00 
B 0 0110.00 
C 0.6210 25 
D 0 8310 63 
E -10.00 
F -10 00 
G -10.00 
H -1. 

I -1- 
J -I- 
K 
L 
M 
i.; 
0 
P 

Average 
all 

~ 1 -  

/one\ 0 23'0 19 

0.00991- 0.00 I O  00 
0 00 I- 0 00 10 00 
O 361711 3603 0.299410 2715 
0.528510.1549 0.243310.2300 
0 00 10 0229 0 00 10.00 
0 00 10 00 0.00 10.00 
0.119610.1302 0.125810.1666 
0.680510.2398 0.090710.0607 
0 027510.0330 0.020310.0574 
1.703810.6872 0.646410.0518 
0 266610.00 0.754710.00 

0.0010.00 
0 0010 01 
3.6311 51  
0 65'1 88 
0 O ? ( I  15 
0 0010 00 
0.3110 37 
0.8510 22 
0 0010 45 
3 6710 23 
0.131- 

0 50/0.00 
0 Oh '0 0 I 
2 4o:o 82 
I 40/0 I 2  
0 5010.00 
0.43:O 00 
0.30IO 00 
2 I210 53 
3 4610.54 
I 10,0.06 
0 001- 

0 0 0 0 0 0  
0 02 0 00 
2 1810 40 
0 8 5 0 1 0  
6 8110 00 
0 0 0 0 0 0  
0 50 0 01 
2 0610 72 
0 4010 13 
1 7 1  0 46 
000 

0 0410 00 
0 4110 00 
I 3810 83 
I 2710 54 
4 3010 00 
0 0010 00 
I 190 16 
0 0310 00 
0 06'0 02 
4 9610 I I 
0 0010 00 

0 071 
0 0110 00 
0 5111 02 
0 3810 80 
0 00'0 00 
0 0010 00 
0 6710 19 
0 0010 02 
0 I210 00 
3 2710 I2 

45 7310 00 

-1- 
000 1- 
0 00 10 0806 
0 005710,5867 
000 1000 

-10.00 
0.004810.00 
0.068910 0761 
000 10.1801 
0 00 10.00 

.I. 

I 6210 68 I 6210 28 I 2610.19 I 3410 35 I ,3510 34 0 005910 I 0 0 0  

Average 
D I N  I 05 0.4032 0.2359 

JACK MACKEREL 
A 00010 08 I 811 000 8.3212 89 0 781 I 6 7  4 29 0.02901 0.00 -1- 
B 0.02/0 00 3.481 1.37 6.6516 67 103'  1.22 0 7J 000 10 .00  000 1- 
C I 5910 4.5 0 961 0 49 0 X3/0 56 0 14' 0.33 0 06 0 0238 0,11501 0 1725 0 30651 0.3225 
D 0 00:l 35 I 79/13 77 Z 7215 36 I 441 I 40 0 24 0 1962 0 15441 0 3300 0 06071 0.1785 
E -10.00 0.27/ 4.74 0 9312 31 0.721 I 55 0 16 4.0917 0.00 1 4.4175 0.00 1 0.00 
F -12.91 II I6139 70 I6312 31 0.00117.41 0 0 0  7 7731 3,5696113 0833 -1 12.3 I48 

H -1- 0 56I I 34 0.0111 I I  0.71I 0.43 0.041 2 18 0.011 0.33 0.00 1 0.2665 0.00 1 0.5998 0.01721 0.3045 
1 -1- 2 I I 1  S 53 0 1711 86 1.351 0.75 0.191 2 37 0.041 3.27 0.00451 1.2764 0.04891 1.5833 0.40901 0.7432 
J -1- 0.671 0.54 0.7211 51  0.861 0.96 0 001 0 06 0.001 0.03 0.08551 1.0799 0.06161 0 3058 0.64101 2 1129 
K -1- 0.001- 0 001- 0.001- 0.001 0 00 0001 I 7 5  0 00 1 1.0937 000 1 O M )  -1- 

G -1- I 231 1.76 0 6410.99 002! 0.29 0.00 0 0072 0 1394/ 0.2673 0,03391 0 01 19 

L 
M 
N 
0 
P 

Average 
all 

/ m c \  0 5110.46 L 4112.98 1.6212 18 0 71/1 36 0 2811 94 0.2011 41 0 304412 2488 0.111910 6562 0.164610.5843 

Average 

D +N 0 56 0.9754 0 3143 
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znne but nn fish sighted. Indices given as dayinight. 1962 to 1967 data incnnsihtent regarding number of decimal places, all In  twn places plus; after 1968 all carried tn 

1971 I972 1973 1974 1975 1976 1977 1Y7X 

-1- 

0.259?10.00 
0.658013.0459 
0.136812.1839 
0.229510.00 
0.00 10.00 
6 509918 7620 
3.100211. I379 
0.391710. I228 
0.790710.0555 
0.00 1- 

1,189312.3 I07 

I5962 

- / -  
0.00 10.00 
0.197110 8846 
0.173210.0324 
0.040910.00 
0.00 10.00 
0.162710.0094 
0.00 10.0029 
0.012810 00 
2.645210.8333 
0.28571- 

0 553010.1516 

0.4073 

-1- 
0.00 1 0.00 
0.02671 0.0600 
0.06321 0.0216 
0.00 1 5.4017 
3 3100110.4297 
0.01801 0 1581 
0 00 / 1.3275 
0.01281 1.1978 
0.01481 0 90 
0.00 1- 

0.0449/0.92?5 

0.3633 

- / -  

0.00 10 00 
0.89 1611.9063 
0.3668/0.7927 
0.00 10 1346 
0.00 10 0674 
5 721113 5333 
0.771110 0522 
0 5371~0 1363 
I 5Y3410 (XI 
0.00 10 00 

I .?155/1.4058 

1 3486 

- / -  

I 780810.00 
2.000810 6135 
0.474610. 1506 
0.00 10.061 
0.00 10.00 
0.0036~0.003l 
0.00 '0.0672 
000 10.0239 
0.0102/0.00 
0.00 10 00 

1. I 17110.1993 

0 7807 

- 1 -  

000 10.00 
0 002410.0050 
0 007110.2349 
0 00 10.0961 
0.00 16.4061 
0.003610.0534 
0.00 /0.3417 
3 S08710.3480 
0.020510.00 
0 064 I 10 00 

0.132510 7388 

0.28571- 
I . I I I I 1  7.6222 
0.54491 8.0520 
1.83841 I 7935 
0.12001 0.00 
16.25531 0.00 
8.05 16125.7464 
6.56061 l8.8580 
2. I18Si  7.2598 
0 42071 9.2647 
0 :732/ 0.00 
0 19961 0 00 
000 1 0 0 0  
000 1- 

- / -  
0.12731- 

2.4401 / 14.99 I 2  

5 8869 

0.00 I -  
0.515810 00 
I 024410.9090 
1.356?/0.8664 
0.00 10.00 
0.00 10 00 
0.13 18!0.0707 
0.022010.0453 
0.009810.0196 
0 803910 0490 
0 00 10.00 
0.106810 00 
OW 10.00 
0 00561- 

-1- 
0 0 0  /-  

0.394410.3902 

0.3932 

0.00 1- 
0.00 10.00 
0.001810 00 
0 0 0  1000 
0.00 10.00 
0 372310.6862 
0.015610.0415 
0 00 10 0075 
0.00 11.0669 
0.001210 00 
0 020610.00 
0.00 10.00 
000 1000 
0 00 / -  

- / -  
0.00 1- 

0 006610.0603 

0.00 I- 

0.00 1- 
0 2983: 7 1637 
I.41391 S.Z?I? 
0 70101 0.00 
6.32351 I 3113 
7.5068/11.3228 
3 71021 6 X 3 Y X  
0 3%4/ 2.6627 
1.32351 0.1707 
0 14031 4.0588 
0.00 I- 

0 00 / -  
0 32161- 
0.00 1- 
0 00 i. 

2 044317.9060 

3 8738 

000 I -  
3 52941- 
0 8467/1.0172 
0 077610 0075 
0 00 10.00 
0 00 10 00 
0 Mi43/0.(MIYX 
0.005 I .'o 0 I xx  
0 016610 00 
0.397510 00 
0 0054io.00 
0 071010 00 
0.00 j -  

0 I44410 00 
0.00 1- 
0 00 1- 

0 249210177s 

0 2268 

0.00 I -  
0.00 1- 
0 00 10 0948 
0.003210.01 SI 
0.00 16.1830 
I 308813.3473 
0 017210 0984 
0.035710 I190 
0 036710.9224 
0 005 I 10.00 
0.00 iO.OO 
0 00 I -  
0.00 1- 
0.00 / -  

0 00 :- 
0 0 0  I -  

- / -  
0 1?50! 0 00 
4 17YOI 5.3511 
I 66211 4 0351 
000 i o 0 0  
000 10.00 
10.9772118.181 I 
I48561 2.0287 
0 2SI41 0 00 
0 90501 I 3255 
000 !- 
I 3075:- 
000 1- 
0 00 1 -  

~ / -  

0.00 I~ 

3 9212I11 38x9 

6 0923 

-1- 
0.00 10.00 
0 431910.00 
0 J00510.0067 
0 00 io.00 
0 00 I0.00 
0 001410.0035 
000 :ow 
000 10.00 
0 0035/0.00 
000 II- 
000 1- 

0.00 / -  
0.00 1- 

-1- 
0.89281 - 

0 0860/0.0027 

0 0608 

./- 
0.00 1 0.00 
0.00 1 0.0413 
0.00 1 0.0067 
0.00 t 0 6250 
0.00 137.5000 
000 1 0.0172 
0 23961 2.0881 
0.68141 5 7410 
0.00 / 0.00 
0.00 1- 
0.00 1- 

0.00 1- 
0.00 I -  

- / -  
0 00 1- 

0.027410.4350 0.076110.4013 

-1- 
0 00 1 0 3030 
3.6930' 4 0366 
I ?133/ 4 11x7 
0.00 1 000 
0.00 1 000 
3 3894/ 8 4065 
2 2903' 3 0512 
0.00 1 0 8730 
0 4436110.0188 
0 00 1 0.0952 
0.0080/ 0.0615 
000 1- 
0 32651 0.00 

-1- 
0.02931 0 00 

I 5046IS 3696 

2 2860 

- I -  
0.00 :o 00 
0.2324I0.0076 
0 159510 00 
000 ,000 
000  I 0 0 0  
0.01 IR10.00 
0 006710 00 
0 012910.00 
0 I 8  I7iO O(1 
0 0 0  10.00 
0.0013,o 00 
0.00 1- 
0 00 10.00 

-1- 
0 00 10.00 

0 074810.002 I 

0 0602 

-1- 
000 1000 
0 00 11 ,4669 
0 311011 2332 
0 00 10.00 
0.76 I414.04X3 
O.076810 I725 
0.027111.5528 
0 107711 6339 
0.136210 00 
0 00 10.00 
0 00 10.00 
0.00 I -  
0.00 10.00 

0 00 10 00 
- 8 .  

p.0Xl710.873s 

-1- 
0 304 10 00 
4 23 i 2 9 1 3  
4.678 16.34 
0 00 10.054 
0.00 I0 00 
3 794 16 6817 
I 408 12.059 
0.421610 1498 
I 301512 2 5 3  
0 028 1- 
0 143012 307 
000 1- 

O 930810 6909 

2 76510 24 I3 
-, - 

2 184914 639 

3 3003 

- I -  

0 0 0  1000 
0.174110 00 
0 00 '0 00 
0 00 IO 00 

0 0 IO9 l o  00 
0 0109~0.00 
0.00 10 5381 
0 102010 053 
0 00 1- 
0 00 '0 00 
0.00 1- 
000 '000 

0.00 '0 00 

0 008 m o m  

. I -  

0 039010 0386 

0 0388 

-I- 
000 I O 0 0  
0 02231 0.5589 
0.29591 3 1454 
000 I 1.3949 
0 00 127.2615 
0 33591 1.5846 
0.20081 3.6547 
0.74581 0 7779 
0 12751 0.2298 
0.0354/- 
0.00 1 0.00 
0 00 J -  

0.00 1 0 0 0  

0.00 I 0.00 
- / -  

0 194412 7751 

I4726 

- / -  
0.00 1- 
0.347XiX 3585 
7 5Yh2/l Y8h4 
0 829810.00 
0.00 10 00 
I349411 1229 
I 3961/0 1747 
1.629810 5993 
2 315510.0354 
0 82491- 
3.1 lob/- 
0.00 1- 
0.00 1- 

- I -  
0 0 0  1~ 

2 0742Il 9153 

2 01 I8 

- I -  
- / -  

0.00 ) I  9514 
0 00 /0 00 
0 0 0  1000 
0.1039/0 6735 
0 00 I0.0075 
0.00 '00177 
0.8351Ih 2247 
0 00 1~ 
0 0 0  I -  
0 00 / -  
000 I -  

0 00 1- 

0 iowo.Oo 

~, - 

O 1268/0.9380 

0.4455 

-1- 
- / -  

O.oUXY1 0.00 
0 16x71 I 8643 
0.M) 09315 
9 1818114 6290 
2.44151 4 9477 
2.3239110.8547 
5 27041 1.8989 
0.00 1 0.00 
0.00 I- 
0.00 1- 
0.00 1- 
0 00 1- 
0 00 1 -  

0.00 J -  

I 184714.2077 

2.3724 0 6983 00213 0 1546 0 1708 0 2406 
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Tdble 3.--Cunrinupd. 

1970 
1YhY t J m  thru Juncl 7<me 1462 I9h3 I Y h 1  I Yh5 I 'lhh lYh7 IYhX 

PACIFIC MACKEREL 
A 0 00 ' 0 00 
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in sightings oc~urrcd in this area during 1976-78. In  1976. 
I I \ightings were made ahout San Clemenre Island. and 3 
northwest o f  San Dicgm In  1977. \ightings totaled 210 with con- 
centi-atioiis ahout Catalina and San Clcmcnte I \ land\ .  and i~ snia l l  
croup of  \ightings ahout Corter Bank and along the Co:i\t near Pt. 
t h ine .  Mo\t otthc increa\e in nuiiihct-\ 01 \ighting\ occurred in the 
1:ite suiiiiiicr and tall o f  1977 I n  1978. 321 sighting5 were niade. 
and were concentrated ahout the southci-n California islands. 
including Santa Barbara I\land. An Increa\ing numher o f  sighting\ 
occuri-ed in the Catalina Channel wuth of Long Beach. and along 
thc coa\t both e;i\t and %e\ t  o f  Pi. Dunie. 

I n  rcccnt year\. P;icific machcrel have hcen sighted in  nun! of 
the \aii ic ;ire;is a\ during the 1962-65 period. the exception hcing 
that sighting\ are not ;is coninion in the San Dicgo to Oceanside 
arc;! 

Indev Irend\.-The iicriiil pelagic rewurcc iiionitoring program 
M;I\ \tarted altcr the major dccline o f  the Pacitic mxherel fisher! 
had occurred. However. ahout the time the \ur\ey program wa\ 
\tartcJ (1963). and in the year\ following. ;I sequence ot  \evere 
recruitiiient tailurcs helped reduce the population to a \el-) low 
level (MacCall et al. 1976). The hioiiiash e\tiiii;ite in I962 \*;I\ 

ahout 90Xx IO' t .  By 1963. i t  had declined to ahout 5 4 . 4 ~  IO: t .  
and to:i level  ol'ahout 7 . 3 ~  1 O ' t  i n  1967. A catch nioratoriuiii \ \a\  
placed on the coiiinicrcial fishery in 1970. In  later years. this was 
modified and catches off California i n  1977 and 1978 amounted to 
3.X and 1 3 . 2 ~  IO' t .  respectively. The night index (Fig. 37) 
declined Iroiii ahout 0.9 I in  1963 to 0.00 in 1967 and reinaincd at a 
very low level  through a n  X-yr period. from 1967 to 1975. The 
catch aI\o declined sharply from 18. I x 10' t i n  1963 to ahout 
2 .3X I O '  t in 1965. Historical records would indicate the Pacific 
mackerel i s  \ub,jcct to rather severe fluctuation\ In rectuitnient. In  
1976. a siiiall increase in  the index level was evident. and i n  1977 
the index level had increased dramatically to a level o f  ahout 2.62. 
In 1978. the 1977 level increased 2.8 times. to a level o f  7.46. 
Within ;I 3-yr period. the Pacific m;icherel went from Lero ohscrva- 
lions of  pure schools in 1974. to a condition in 1978 where i t  was 
one of the species frequently observed in substantial tonnage 

Jack Mackerel 

3lorro Raj to San Sicolaa Island.-l962-65. Fig. 38: 1966- 
69. Fig. 39: 1970-73. Fig. 40: 1974-78. Fig. 41 

Jach niacherel were frequently \ighted along the coast froni Avila 
northward to Pt. Sur. and ti-oni Pt. Conception eastward in the 
Santa Burhara Channel. with centers o f  aightings in the Channel 
\outhea\t o f  Santa Barhara ahout the eastern half of Santa C t u ~  
I\land. and Aii;tc;!pa I\land. Ob\ervations o n  the flight log charts. 
froiii 1962 through 1969. showed little change in areas and nuiii- 
hers hightcd. Fewer sightings were niade during 1970-73 about the 
Santa Barhura coa\t. Channel. and Idand\. and this may have been 
related to the 011 di\charge in the Saita Barham Channel in early 
1970. During this period. less \carch effort was expended north o f  
Pt. Conception. hut the eftoi-t that was e\pended tailed to note any 
concentrations. During 1976-78. .jack niacherel were sighted in 
increasing nuillhers at the ea\tern end of  the Santa Barbara Chan- 
ncl. and ahout Santa C r u ~  and Anacapa Islands. i n  the saiiic areas as 
ob\ct-\ed during 1962-69. 

Pt. Huenenie tn San l)irgo.--I969-hS. Fig. 42: 1966-69. Fig. 
43. 1970-73. Fig. 44: 1974-78. Fig. 45. 

For the area Iroiii Pt. Hueneiiie to San Diego. there has been little 
change in the iiia.jor sighting arcus since 1967. Sighting\ declined 
during lY70-73. as in the Santa Barhara Channel area. In 1976-78. 
the highlings increased along the coost and ahou! the ihlanda and on 
Corter Bnnh. During thih period. the coastal arci from southwest o f  
Pt. Duiiie to Pt. Hueneme appeared to have a greater numher o f  
sighting5 than during 1962-65. 

Index Trends.-The aerial night index Icvel,(Fig. 46) was about 
2.98 i n  1963. with a catch 0 1 - 4 2 . 6 ~  I O '  t. In 196467. the catch 
declined about one-third. but the aerial index did not  show a declin- 
ing rrend. In 1969. the index dropped sharply to a 0.65 level and 
continued to decline through 1975 (0.40). In  1976, a smal l  increase 
in the index was noted (0.87). rising to 2.77 in 1977. It then 
increased I .5 tinies in 1978 to a record high of4.20. The suhstan- 
tial increase in index level i n  1977 and 1978 parallels. hut does not 
equal i n  magnitude. the increase in the Pacific mackerel index. 
Both day and night indices forjack mackerel increased in 1978. 
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Tunas 

Bluefin tuna.-Sightings of bluefin tuna for all years 1962 
through 1978. are given for the areas north of the United States- 
Mexico border (Figs. 47,  48). and for the area from San Diego 
south into Mexico (Fig. 49).  Flight log charts for areas south of the 
border (see dotted line on Fig. 49) were not used by the program 
until 1974. 

Figure 47 shows that the major sighting area for bluefin tuna in 
the Santa Barbara Channel and Channel Islands area was along the 
south side of Santa CNZ and Santa Rosa Islands, with a few sight- 
ings made near San Nicolas lsland and along the Santa Barbara 
coast. Figure 48 shows that sightings were widely scattered west 
and southwest of San Diego. Bluefin tuna were frequently sighted 
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ahout San Clcniente Island. and along the coasts off  Oceanside and 
Redondo Beach. In the southern area of fishing off Mexico (Fig. 
49), sightings were more concentrated west and northwest of 
Ensenada. Aerial spotter operations were seldom conducted south 
of Pta. Baja. Mexico. 

Index Trends.-Forthe period 1973-78 day index (Table 2 ) .  the 
index trend shows 1975 to have been the lowest in  relative apparent 
abundance (0.13). The highest level was recorded in 1973 (0.95). 

Albacore tuna.-For albacore tuna sightinga. Figure 50 gives 
locations for all years 1962 through 1978. Figure 5 I .  from the Cor- 
onado Islands, Mexico, southward to Pta. Baja. indicates sightings 
for the years 1974-78. 



Albacore were sometimes sighted west and southwest of  San 
Diego (Fig.  SO), but few sightings were made north of this area. A 
total of 124 sightings were made during the survey period. Figure 
51 indicates that 76 slghtings were made wcst to northwest o f  
Ensenada. hut few were made in this area south o f a  line drawn west 
from Cabo Colnett. Mexico. 

Other sightings 

Although yellowtail. Pacific barracuda. white seabass. hashing 
shark. and squid are not  ofprimary interest to the commercial aerial 
fish spotter, records were maintained and are given for these spccies 
because they are o f  interest to the recreational or commercial fish- 
eries trfsouthcrn California. 

Yellowtail.-Areas ol.\ighting ucre about the Coronado Island\. 
Mexico. noi-th to near Newport. along the northeast hide o f  San 
Cleriicnte Island (Fig.  52). and along the coast from Santa Barbara 
t o  Pt. Conception (Fig 53) 

Pacific barracuda.-Small numbers of sightings were made 
along the coii\t. from north of San Diego to near Long Beach. and 
off the northeast side of  San Clenicnte Island (Fig. S4) .  Barracuda 
were also highred along the coast from near Pt. Conception to Ven- 
t u n  (Fig. 55). 

White seabass.-This species was more commonly sighted by 
ihe aerial spotters near Pt. Conception. along the north \ide of  
Santa Crur Island (Fig.  56) .  and to the north off Avila. Morro Bay 
(Fig. 57). with wnic sightings recorded in the northern half of  
Monterey Bay. 

Ob\ervations of  bak ing  sharh (Figs. 5 8 .  59) and o f  squid (Fig.\. 
60. 61) arc of interest to the commercial fishery and are given. 
Indcs v d u c s  arc not given for these specie\. 

Hasking shark.-Although many specie\ of \harks bere  
sighted. i n o a t  were not indcntitied by the spotter pilots as t u  \pe- 
cies. Thc cuceptions were the large .sharhs. wch as the ha\hing 
\harh which was the subject of il commercial fishery in the late 
1940's and early 195Oi. Aircraft were used i n  this fisher! to locate 
hashing shark\ and. on occasions. great white \harks uerc  
ohserved (Squire 1967) 

Bashing sharhs wcrc quite coniiiion in coastal waters in  the late 
1940's and early I Y S O \ .  and at that tiiiic here  fished commercially 
i n  California. They were sighted frcquentl) off A\ i la and Morro 
Bay (Fig.  5X) along the coaht south of Pt. Sur, but mo\t frequently 
iii the centrill and northern half of  Monterey Bay (Fig. 54). Feu 
wcre observed in the mid- t o  late-19601 and early 1470's. Recently, 
more hashing sharhs were heing sighted north along the coast from 
the Santa Barbara area wcst to Point Conception. A total of 1.91 I 
bashing sharks wcre recorded by the aerial spotters. 

Squid.-The only invertebrate animal reported as being sighted 
iii \urfacc school\ wa\ the squid. Schools werc most coninion ahout 
the eastern halfofSanta Cmz Idand and Anacapa Island (Fig. 60). 
and in  the coastal area from Pt. Hueneine to Pt. Dunie. They 
appeared m o s t  coninion about Catalina Island (Fig. 61). uith larger 
concentrations along the southwest side. Distribution of qghtings 
about San Clcincnte Island were grouped at the northwest and 
\outhea\t ends. 

DISCUSSION 

Evaluation of Index Data 

The aenal observation program relies on the assistance of 
commercial aerial spotters who. fora  modest fee, provide flight log 
data. The limitations of the data must be recognized since they are 
nonrandom, and influenced by many variable factors. 

Sighting.-The probabilty of sighting a school may be affected 
by a number of physical factors. some of which are common to both 
day and night operations. others to day or night (see Table 4). Eco- 
nomic factors are also very important in determining target species 
for search and locarion of area searched. In recent years, the 
demand for anchovy has increased and addltional emphasis has 
been placed on searching areas where anchovy are commonly 
observed. However. these areas are frequently the same areas 
where other species are observed. 

'Tdhle .I.-Ph?\ical facton affecting the prohahilily 
of \ighting a wheal. S = impurtanl. -=le,\ impor- 
Isnt. and U = nut a fdrtor. 

Dah Night 

x x  
x -  
Y o 
I1 x 
Y X  
x x  
Y -  
o Y 

x 0 
x 0 
x -  
Y X  
.~ 

Identification.-Thc detection of near-surface schools dunng 
the day 15 dependent upon the pilot's ability to distinguish subtle 
color and light intensit) differences in  the water. Detection of 
schools at night I\ possible only during the dark phase ofthe moon. 
and dcpcnd\ on the pilot\ ahility tu dkcern gradation o f  light inteii- 
\it!. Bioluiiiine\cence of planktonic organisms agitated by school- 
ing fish indicate\ by a dull glow the location and size ofthe school. 

Species are identified tlunng the day on the basis o f  a conibina- 
tioii ot t w o  o r  moic ofthe following characteristics: color of school 
or individual fish. \hape o f  school. and behavior and siic of indi- 
\ d u a l \  uithin thc school. At night. \pecics idcnti!'ication is based 
on \hape ( i t  the Iuniiiious area and behavior of the schooling fish 
under undisturbed conditions. o r  by the behavior of the school after 
being subjected to a \tiniulus from an external source such as a 
flash from the aircraft's landing light. A light flash causes a 
response o r  movement o f  the fish. which agitates the plankton. 
resulting in hioluminescencc. The response of the fish to the light 
flash is hpecies-distinctive and allows the trained observer tu make 
an e\timation of species. The level of bioluminescent plankton 
organisms. the schooling configurations. depth of school, and com- 
position o f  the school (mixed species). are some of the variables in 
night identification. 

School size estimation.-The probability of sighting. identify- 
ing. and estimating school size. is affected by the training and abil- 
ity of the spotter pilot. I t  was recognized in the beginning of the 

12 



program that variation in estimating school size probably has niore 
effect on the data than other variables. Soine spotter pilots consist- 
ently report greater tonnages than do others (Squire 1972). Six o f  
the fish-\potter pilots have continued full-tinie \% ith the prograni 
since 1963 and were the ina.ior contributors. Therefore. if biasc\ i n  
reporting of tonnage were present. it niay have been relatively con- 
sistent throughout the period. MacCall. '  in an investigation ot aer- 
ia l  spotter variation in reported abundance o! anchovies. lound that 
difference\ in spotting power appeared t o  he consistent l o r  horh day 
and night conditions tor  two periods oftiiiic ( I I/? y r  apart). H e  also 
stated that variabil ity in reported tonnages was high even for con- 
secutive flight>. giv ing wide confidence intervals of estimate\ of 
spotting power and daily f i s h  abundance. A long-term averaging. 
however. will reduce the variance i n  estiniates of iiican abundance 
In evaluating comparative observations between pilots a s  presented 
in the flight log. we do not hnou i f  the) \!ere loohing at thc \aiiic 

school o r  school group at the sanie time. I l t h e y  were obscrving the 
same school or \chool group. i t  15 pos\ihle that \omc period o f t i n i e  
niay have elapsed between ohscrv;itions. and thc availabilit) levcl  
changed. Estimation values hetucen pilots niay also change hy spe- 
cies. requinng correcti\e Pactor\ hy pilot lo r  each \pccie\. For  
exaiiiple. the anchovy is s o i ~ ~ c t ~ i ~ ~ c s  one ( i f  the tinore di l f icul t  \pe- 
cieh to evaluate and estiniate tonnage because of the large school 
groups and large tonnages ~ivai lahlc.  

Pilot e\ti i i iation value\ l o r  anchov! were calculated using dats 
for the period 15 Scptemher to 31  Dccemher 1966. 1969. 1974. 
1976. and 1977. Fl ight  l o g s ~ ~ t t ~ \ ~ o r i i i ~ ~ r c  \pot terpi lot \  ~ c r e c o i i r -  
pared. using ob\ervations thought to be near the sai i ie geographical 
location. for  either day o r  night. One aerial \potter. recogn i~cd 
among his peer\ a\ an able and competent oh\cr\er. was \elected as 

the hey oh\ervcr and hi\  obser\iitions wcrc used a\ a reference 
hasc. The result\ tor oh\ervation\ l o r  other \potter pilot\ indicate 
that. when c o i i i p m d  with the h icri i i l  \potter. tm( i  p i lot \  were 
cstiniating near11 the \rime as the hey pi lot .  three were 0 4 times hi\ 
eit i i i iate. twu were 0.45 tinies, and three about 0.08 t i i i ie\. The dil-  
Ikrcnce\ in \potting power ;ippcai-cd t u  he con\istent hoth da! and 
night. 'I\ lound h) MacCdII (footnote 3 ) .  

Act-ial spotter pilot\ tcntlcd to surrc) pi~rtii)n\ i)l the oc'can nciir 
their hahe\ ot operation: citlicr the g r c m r  Lo\ Angele\ iirc;~ OI the 
Santa Bai-h:ira coa\tal area Pilot\ operating in the \aiiie area tended 
t o  cstiniaic the a\ailahle tonnage iii \ i i i i i lar  miiouiit\. for theq tic- 
quently coiiii1iunic;ited v ia  radio and tended to cooperate in the 
warchiiig and li\hing operation\ in their re\pectivc search and tiA 
ing area\ A\ indicated previouslq. no cf lor t  &a\  niodc during the 

to  attciiipt to influence the indi\ d u a l  aerial 
i i iat ion \;dues and the iniapr contributors to the 

progr;ini have participated throughout i t s  16-1 r period. 

Comparison of Apparent Ahundance Measuring 
Techniques 

A precise iiiea\ure ( i t  a specie'\ t ~ t a l  ahundance and i t \  biological 
coinposition i s  most  desirahle for  the m;inagement of pelagic 
marine species. Howevei: at ihe present time ii prec iw measure of 
abundance I\ not po\sihle. Management must therefore rcl! on 
sampling technique5 to ohtain a reasonable cstiiiiatc ol abundance 
and biological composition. The major coastal pelagic resource\ 
arc conveniently hcing ineasured by nicthods of sampling u h i c h  

,XT.kC.tIl, A 1475 lii\c\lig.ilicw 01 dcridl \porrcr \dri,~tion in  rcporicd dhun- 
t h i i ~ c  ,)I .inch<,\ IC\ Anchin! W<wk\hip hlccting. J u l )  2 I 
1) Sc,uthuc\t Fi\hcric\ Cvntcr La JoIId Ldhordtory. NMF 
4?03X 

provide a measure or index of apparent abundance (catch o r  ohser- 
bations per ef for t ) .  Larval  surveys provide an apparent abundance 
i i ieawrc.  and acoustical \urveys are conducted to determine the 
apparent abundance ol l irh schools. These apparent abundance 
indice\ are then adjusted to yield an estimate ol  total abundance. 
For the year\ \ incc the start o f the  aerial survc) program. sonic data 
are available giv ing e\tiniates l o r  Pacific inackercl and northern 
anchovy. These data can be compared u i t h  the trend of  the aerial 
apparent abundance index Three type\ o f  independent wrvcq data 
arc available lo r  conipui-i\on. ihc larval \urvey. acvustical or w n a r  
\ur\cys. and the a c r i d  \potter \ur \  F o r  the fo l lowing \pecies. 
\onre coiiiparati\e data ;ire ;i\~iiIable. 

Pacific hlackerel 

Sinnith ;inJ Richnrdvin 19771 prc\ented a gi-aph ol three iiidepen- 
dent cstiniate\ o l t h e  ahundance o l  Pacilic iiiachcrel (F ig .  67) u\ing 
threc index \;iIuc\: \pawning hioniass. 1;irv;iI index. and aerial 
index. The acrid index can onl) be coiiipai-cd M ith valucs ohtained 
after the start of the  aci-in1 \urveq i n  1963. A ranh correlation test 

(Speariiian) \\a\ used to cxiiiiiiine the iierial index I S .  \pawning hio- 
ni;i\\ (1963-67). giLing ii \tgnil icant correlation ( r  ~ I 00). For  the 
aerial index \ \. larval indcx coinparison. the correlation cocfl icient 
was I -  = 0.77. not \ igniticant at the 0 . 0 5  level  Although the \tatis- 
t ic\ \ h w  promi\ ing result\. i t  \hould he noted that the data arc Iiiii- 
itcd b) the nuinherotycai- \  tc\ted. and that the three indice\ show, ;I 
coiiiiiion dccrc:i\c in value. 

Northern Anchovy 

Three revarch programs tising tl i f lercnt technique\ ha\c  inde- 
pendently de\eltiped apparent ahtintlance daia c,onc,crning the 
ancho\y w o u r c e .  Larval  catch data have been s u i i i n i a r i ~ c l  io pro- 
duce o l a r i i i l  index and an e\tiiiiate i ) I  spawning bioinass. Acous- 
tical w r v e j !  k i  nicasurc sc,hool ntirnber and \ i /c have been u\cd to 

dc\cl(ip an acoti\tic;iI index and an c\tiiiiaie of hionia\ \ .  Aerial sui-. 
\e! data ha\c  been used to develop an index o f  apparent h u n -  
ihnce.  Thc lar \  a1 and acou\ticiil techniques \~ i inc t i i i i e \  u\ed 
ditlcrcnt indice\ through the )ear\. 

Siiicc ;ill c ~ t i n i a t c \  arc intlepcndcnt ( 1 1  c:icIi other. ; i n  mal) \I\ w;i\ 

in,idc to determine it thew methods \\ere c\ti i i iati i ig ;I coninion 
source. A dc\cription 01' the data \ourcc\ lo r  Figui-e 63 i s  a \  1111- 
I I I~ \: l a r i a l  abundance data loi- the central subpopulation l o r  I963 
[hi-ough 1977 w;is provided by Siiiith.' and data 11-on1 1977 through 

.I978 bq Siauller ( 1980) Acou\tical sur\ey\  hakc becn conducted 
\i i icc 1966. hut acoustical technique\ ucre changed in 1471 
Thcrclorc. acou\tical data were compiled froin M a i \  ( 1974. loot- 
note 5 ) .  Rei-ial \urveg data tahen o f t  the coast\ ol'southerii Cal i lbr-  
i i i a  and inorth\\cstern Hgla Calitornia. Mexico. l roin puhl i \hcd 
records 1962-69 (Squire 1977). and record\ through 1978 included 
in (hi\ puhlication. are i n  Table 7 .  Figure 63 \ h o w \  the larval indeh 
Iron1 1963 to 1Y7X. tor  the central \uhpopul;ition. the aerial night 
index. and iicousticiil index. The acoustical index i s  ba\ed o n  
N x  I O '  schmils lor the cad) jcarh. and thc school\ .surface ;ires 

(\quare nautical iniilcs) lo r  the later years. The 1;irvaI index uses the 
e~tiiiiated abundancc o l  Iar\;ic x 10" tor the central \uhpopulation 



Significant Spearman rank correlations were not found for com- 
parison of aerial to larval and acoustical survey data for 1963-72. 
Comparison of aerial and acoustical survey indices for the period 
1972-78 gave a significant correlation ( r ,  =0.810. P=O.OS). Dur- 
ing this period. only three larval surveys were conducted, not an 
adequate sample for calculating a correlation. MacCall et al. ( 1  976) 
calculated a correlation coefficient of +0.30 for larvae vs. aerial 
(night) surveys during 1962-66, and for 1968 and 1969. More 
recently. an anchovy spawning biomass estimate based on egg pro- 
duction has been developed (MacCall et al. 1982). The correlation 
between the aerial (night) anchovy index with the new biomass esti- 
mate is very high (Fig. 64). 

The aerial night index appears to be closely correlated with the 
acoustical index developed during the years since 1971. Larval sur- 
veys cover a largcrgeographical area than either the aerial or acous- 
tical survcys. generally extending further offshore. The aerial 
survey involves only the nearshore area where the purse seine fish- 
ery operates. This area commonly has large concentrations of near- 
surface schooling fish and suitable sea-state conditions for purse 
seining, conditions which are not comiiion in the offshore areas. 

The anchovy night aerial abundance index was not unusually 
high during the first years of the surveys compared with levels 
observed in 1973-76. The aerial surveys were started about the 
time the anchovy population was reported b j  Ahlstroni (1968) to 
have reached a plateau in about 1962. The anchovy larvae index for 
the central subpopulation declined during 1965-72. increased 
slightly in 1975. then declined sharply in 1978. The aerial and 
sonar indices rose two or more times their former levels to high lev- 
els in I973 and 1975. thcn declined. with the aerial index declining 
to slightly helow prc-1972 Ievcls. 

Thc geographical area cocercd by the aerial survey program con- 
taincd the iiiajor commercial fishing grounds. High abundance 
Ieccl indiccs from thc aerial spotter data were not evident for this 
area. which apparently did nor benefit from the high larval index 
Icvels that started in 1961 and resulted in  population estimates of 
3.0 to 5 . 0 ~  Io'. t (Ahlstrnm 1968). However. a significant hut 
unexplained change IO high aerial and acou\tic index trend\ 
occurred in the fishery during 1973-75. prior to a rapid decline dur- 
ing 1976-78. in  the larval. acoustical. and aerial indices. 

Pacific Bonito 

Studies have hccn niade using the aerial day index of Pacific 
honito observed off southern Calilornia. in correlation with recrea- 
tional partyboat CPUE. using yearly time-lag periods (MacCall et 
ai. 1976). The recreational fleet which fishes nearshore generally 
catches younger fish than the commercial purse seine fleet. The 
highest correlation between the recreational fleet CPUE and the 
aerial apparent abundance index for the cominercial fishery was for 
a 3-yr lag period ( r = 0 . 6 9 )  which is shown in Figure 65. We believe 
this correlation to be useful in predicting recruitment into the 
commercial fishery. based on partyhoat CPUE. 

SUMMARY 

The aerial index data is positively correlated with the trend of 
other measures of apparent abundance. particularly the acoustical 
survey (post-1971) foranchovy abundance. Forthe limited aniount 
of comparable data available. the Pacific mackerel aerial index 
appears to correlate well with the biomass estimates. The index lev- 
els of Pacific bonito, a species that is more common to the south. 
show trends that appear to parallel the trend of the biomass. 

Index t l r n c i b  for both the northern anchovy, beginning in 1974. 
and Pacific bonito, in 1968 and 1973, show a pronounced down- 
ward slope one to two years before major declines occurred in these 
fisheries. 

This program has used the available talents of commercial fish 
spotters who use standard visual techniques to observe pelagic 
schooling fish. In  recent years, airborne electronic surveillance 
systems specifically designed to measure the extent of the available 
near-surface schooling resources at night have been developed. 
Thebe new techniques, if used in  close coordination with 
commercial operations and research studies, could produce for the 
program a more refined estimate of apparent abundance. not only 
for the fishing areas commonly surveyed by the commercial spot- 
ten but also for areas farther offshore where resources such as the 
anchovy are commonly observed during the winter-spring spawn- 
ing season. 

All analy\es to date have involved only the production of basic 
apparent abundance indices. and have not been further adjusted to 
produce a more refined index or estimates of biomass. The aerial 
apparent abundance data should be further analyzed to provide 
more refined estimates of abundance for the major pelagic species. 
Studies are currently in  progress to do this. 
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CENTERS OF SIGHTINGS l l  
Figure 3 --Graphic dexription of powtmning the center of sighting 
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