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The fi_ h pecle mo~t commonl~ ob er.-ed b} the commercial 
£i h- putter. \\ hile operating off central and southern California. 
and northern Baja California _ Mexico. are the northern anchO\'). 
Ellzralllts I1lIJrdlLt; jad . mackerel. Tracllllrus symmerriclls: Pacific 
bOnito. Sarda chiltemis: Pacific mackerel. Scomber japoniclls: 
PJCltic ardine. Sardinups S£1\?a1: caerlllea: and bluefin tuna . T71U11-
11115 r!z\I1I1I1S Other species such as Pacific barracuda. Sphyraena 
IIrzenrea. ) ellowtail. Seriola lalandei. white seabass . ArraclOscion 
l1ohili5. and albacore. T7111 I11111S alalllnga . are obser.'ed b} the 
pilot\. and are sometimes caught b} the commercial fl eet with the 
aid of aerial potter~_ Other animals such as the basking shark , 
Cerorhil111S I1lW:illlllS. mammals (w hales and porpoise) . and inver­
tebrates (squid-LoNgo opalescens). have been observed and 
recorded. A total of 20 spec ies of fish have been observed and 
recorded b) the spotter pilots (Squi re 1972). 

l\1ETHODS 

Commen:1J1 aerial fish-spotters have recorded fli ght tracks and 
fish ,chool tonnage e,timates fo r the program since the fa ll of 1962; 
1963. however. was the fi rst complete) ear of data . The pilots in the 
program arc full-time professional commercial fi sh-spotter pilots. 
PartlCipatlOg pilots under contract were advised that all sightings of 
~Lh()ollOg fish were to be reported_ A total of 15 pilots have partici­
pated in the program_ Obsenation quali ty has remained relatively 
\table ,lOce the pilots who ha\e made the major contributions to the 
progmm ha\e participated in it throughout its 16-yr period_ There 
ha~ h~en no attempt to IOtercalib rate the pilots. The onl y data gap in 
thL program is for the second half of 1970 (lui) through Decem­
ber). \\ ben contmcts for obse rvation data we re cancell ed . 

rOT a rev ie\\ of the methods and procedures for obtaining and 
proccssing the night log observation data. and fo r results of the 
pfllgmm Jor the period 1963-69, see Squire (1972)_ Carus02 

dcseribed b) details of co mputer cod ing of the aerial observations 
for future anal)sls. The ge neral procedure fo r reco rding fish sight­
Ing nb,enJliOn, on n ight log charts has not changed from that 
Jc,cribcJ b) Squire ( 1972)_ In 1974 n ight log charts we re added to 
cm cr the north" cst coa,t of Baja Californi a, Mexico. With the 

(.Inl \\ J 1479 \crlalll1<.1nnc- rl.~\l}Un.:l'\ monlloring ~)\ll'l11 Data Coding tv1an­

"I \JI" Rep L J 7<)'1 '1l) r Suu(h\lc,1 Fi,hcric, Ceoler La 10lla LaboralOr). 
"\11 \. ~() \ \ La Jull., (' \ lJ2lL1S 

addition of charts for the area south of the United States-Mexico 
border. pilots recorded observation sighting data for summer flights 
in search of bluefin runa _ The borders of 10' longitude X 10' lati­
tude "block areas" and associated "block numbers" were printed 
on 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 Half Moon Bay, Calif., to Cedros Island, Baja 
California, Mexico. has six flight log charts. Divisions ofthi area 
into " block areas." which were 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 of block areas entered into by the pilots as a 
measure of observation effort and tonnage estimates of fish. 

Approximately 40 ,000 flight hours of observations were 
recorded . A total of 164,753 block areas or portions of block areas 
were surveyed: 110.375 (67 %) during the day and 54,378 (33%) 
during the night (Table 1)- A graph of each year's day, night, and 
total observation effort is given in Figure 2_ 

From 1962 to 1978. no natural changes in the survey area 
occurred that could be classed as atypical. However, one unusual 
event did occur that had a severe local impact and affected the 
observation of near-surface pelagic species. In late January 1969, a 
large rel ease of crude oil occurred in the Santa Barbara .Channei 
area. The oil release continued in varying quantities for some 
months afterward. and affected fishing and aerial fish-spotting 
operations in the eastern half of the Santa Barbara Channel and 
around the Channel Islands_ Since this was an area where concen­
trations of anchovy. jack mackerel, and Pacific bonito were previ­
ously observed by the aerial spotters and fished by commercial 
seiners, the oil contamination resulted in a temporary cessation of 
fi shing_ During the months when the surface crude oil spill was a 
problem , however. frequent aerial surveys of the Santa Barbara 
Channel and Islands area were made by the Union Oil Company, 
using an aerial spotter pilot who was participating in the NMFS 
program . Data from these observations were recorded in the same 
format as the NMFS pelagic fish program and made available to the 
NMFS for analysis _ 

Flight log data represent a sample estimate of the apparent abun­
dance of pelagic species schooling in the near-surface layers of the 
areas surveyed. The selection of flight tracks was nonrandom, 

Ta ble L. - Ob,en a t ion effort off California for pelagic commerciallish (da) / night) in units 

of bLock area 0\ ernights b) £one. 

lone 1'102 h:S 196669 1970-73 197-1-78 To tal 
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( 2_U4~ 2.207 6.U20 2.053 10.5083. 15 1 6.2 133.-175 24.839 10 .886 
[) 1,11-13 1.1<)0 5.023 1.92 1 5.075 1.503 -1 .659 '3.80 I 15 .800 '8 .41 5 

151 -127 136 287 124 122 7-1 3 '298 1.35-1 1. 134 
-10 lSI 106 3 16 123732 38 1472 7 10 1.701 

II 1.12'1 UI~ 3.583 1.206 -1 .222 3.899 7_'17-1 '8.369 17. 108 16.986 
H I 0-11 '1n7 I X2\) 1,556 1 6 122.00 1 3. 156/2 .595 7. 638'7. 119 

I 21X Sin 2 '\ 5 1.2 15 1. 178 1.298 3_356! 1.026 8.357 -1 .049 
I "lIq h~n 3 53K 7-1lJ -1.2082 11 5.353 726 14 .698. 2 . 112 

" 1'\0 11, '\2 '112 T2 1.796'38 3.0n 162 
t Illl lIO I 287 -1 7 5. 157'202 6 .444 '2-19 
\1 Oil 00 2~ J 43 U 65 3 
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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 fi shing boats and other spotter aircraft, and other recent exper­
ience. The species identification of the school s was determined 
during the day by physical characteristics such as shape or color of 
the fish or school, or by behavior of the fi sh. During the night, 
identification was made by the bioluminescent characteristics of the 
school's shape or its behavioral response to a fl ash o f light. Infor­
mation from fishing vessels was sometimes used in determining 
species composition, parti cul a rly where " mixed schools" were 
encountered. 

A pilot 's estimate of school tonnage is based on many years of 
observing school size, shape, depth , and quantity as determined by 
catching the fis h observed . It is possible to estimate a school's verti­
cal depth (distance from top of school to bottom) for schools of the 
larger pelagic species and small schools of such spec ies as the 
northern anchovy. However, for large school s of the small er forage 
species, the actual depth of the school usuall y cannot be determined 
from the air. Therefore , information from fishing vessels was fre­
quently used since they could determine the school's vertical depth 
using an echosounder. The horizontal shape and area of the school 
could be estimated visually. Aerial spotter pilots are often paid on 
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 10' longitude X 10' latitude area), which measures 
about 8 x l 0 nmi each at the latitude of southern California . A more 
detail ed description of individual locations of the center of school 
or school group sightings as observed on each fli ght (day plus 
night) forthe 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 on the chart i 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. 4-11) , 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. 50 and 51), 
ye ll owtai l (Figs. 52 and 53), Pacific barracuda (Fig. 54 and 55) , 
white seabass (Figs. 56 and 57), basking shark (Figs. 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 most 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 effon was low, or the effort was not expended in areas where 
the species of intere t 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 mid-1950's has been low. Most of the 
flight observation effort south of the United States-Mexico border 
has been offshore in search of blue fin tuna, and, as a result, 
nearshore areas commonly having schools of anchovies are rarely 
surveyed and are therefore not given. 
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During the survey period, the follo~lIlg total numncrofsightlllgs 
of schools or school groups ",ere made: northcrn anchO\). H.720 , 
Pacific sardi ne, 195 : Pacific bonito, 3.873. PaCific mad.crc\. 
1,273: jack mackeral , 3.233: bluefin tuna . 1.3 14 : alnacore lUna. 
200: yellowtail, 94: Pacific barmcuda , 138: ~hite seaba". 70: allli 
squid, 384. The observations of ~choob or SLhllOI group for the 
major species observed represent a total tonnage sighted by da) and 
night of 43,013.254 t of northern anchovy : PaCifiC sardine. 
442,644 t; Pacific bonito, 442,644 t; Pacific mad,erel 1.36,f.04H t: 
jack mackerel 1,869,256 t: and bluefin tuna. 507.366 t. 

Apparent Abundance Index Trends 

Day and night indices of apparent abundance for each zone Jnd 
grouped zones have been calculated annuall y since 1963 for specics 
of northe rn anchovy. Pacific bonito, jack mackerel, Pacific mad. ­
e re l, Pacific sardine, Pacific barmcuda, and yello~tad. Bluciln 
tuna indices have been calculated since 1974. 

In calculating the index value, one of four arbitrary tonnage 
ranges for each species was assigned. These cover the mnge \)1 
observed tonnages that might be esti mated to occur In an) one 
block area. In order to provide a tonnage range value (x) the mid ­
point of each range was divided by 100 for the northern ancho\ J. a 
species that is observed in larger quantities compared ~ ith any oth­
ers and by 10 for Pacific bonito, jack mackerel, Pacific mackerel , 
Pac ific sardine, and bl uefin tuna. The midpoint of the tonnage 
range for yellowtail and white seabass was not reduced . The range 
of observed tonnage and resultingx values are given III Table 2. The 

Tab le 2.-Range of tonnage and tonnage range \ a lue, 
(X). X is the index value based on the midpoint of the 
obsened tonnage/lOO (b ut not for barracuda or ~el­
lo\\tail). 

Species 

Anchovy 

PaCific bOl1llo 

Jack mackerel 

Pacific mackerel 

Pacific ~ardJnc 

Blueflll tuna 

Paci fic barracuda 

1'0110" tail 

Ob~er\'cd tonnage 

0-400 
401-1.000 

1.00 1- 10 .000 
I 0.00 I -~O.OOO 

0-50 
51-150 

151 - 1.000 
1.001 -5.000 

I-50 
51300 

30 1-1.000 
I .00 I -~.OOO 

0-20 
~ 1-100 

101 -250 
~51-500 

0-100 
101 -500 
501-~.000 

2.001-4.000 
0-50 

51-250 
~51-1.000 

1.001· ... 000 
0-10 

11-30 
31-80 

1-160 
05 
6-10 

II 'f) 

31-00 

55 
150 

~ 'i 

10 
57 5 

'100 
2.5 

17 'i 

65 'i 

ISO 

I> 

17.1l 

17 5 
5 
~O 

125 
.~O(J 

:! 5 
15 

112 'i 

25U 
5 
~O 

5<; 

l~tJ 

2 " 
- 'i 

20 
I" 



following formula was used to calculate annual indiccs of apparent 
abundance, day and night, by zone and by spec ies: 

BN,X, + N,X, + N,X, + N,X, 
Index of apparent abundance = 

N, 

where N1.2.H = number of block area flight in which the species 
occurred at value XI.U.4' 

X,.,.).4 = tonnage range values, 
N, = total number of block area flight in the zone during 

the year. 

The index value, then, represents the relationship between the 
amount of fish observed (tonnage range value-x), divided by the 
amount of search effort (number of block area flights) conducted 
either during the night or during the day. Day and night indices of 
apparent abundance for each zone, and the annual average day / 
night indices of apparent abundance for all zones, are I isted in Table 
3. The boundaries of the zones were selected to outline important 
geographical areas where fish were commonly observed. 

The index trends reviewed here are for the major commercial 
species of northern anchovy, Pacific sardine, Pacific bOlllto. 
Pacific mackerel, jack mackerel, and blue fin tuna. Apparent abun­
dance trends for yellowtail and Pacific barracuda, specIes which 
are primarily targets of the recreational fishery. are gl\en III Table 3 
but are not reviewed here. During the survey period, sightings of 
these species were few, and have been much reduced III recent 
years, with a resultant decrease in indices . 

An analysis of sightings by day or night and of tonnage observed 
(SquIre 1972), indicated that the northern anchovy, Pacific mack­
erel, jack mackerel, and Pacific sardine were observed more fre­
quently and in greater quantity during the night. Pacific bonito and 
bluefin tuna were observed in greater quantity in the day. The selec­
tion of the index that is most representative of the apparent abun­
dance of each species is based on the 1972 study. 

In the following sections, total effort and observations by year 
are shown in graphic displays of day/night index values and U. S. 
fishery catch trends during 1963-78 for each species, along with a 
review of areas of high sighting density during 1962-78. 

Northern Anchovy 

Morro Bay to San Nicolas Island.-1962-65, Fig. 4; 1966-69, 
Fig. 5; 1970-73, Fig. 6; and 1974-78, Fig. 7. 

The sighting effort north of Pt. Conception was greatly reduced 
after the 1962-65 period. Anchovy schools were commonly 
observed off Morro Bay and Avila, the latter area being a location 
where schools were commonly observed. The Santa Barbara coast 
from Gaviota eastward, and into the eastern end of the Santa Bar­
bara Channel , had a high level of anchovy sightings, with the major 
area of sighting located offshore between the cities of Santa Barbara 
and Ventura . In 1974-78, the center of sighting appeared to be 
slightly farther offshore between Santa Barbara and Ventura , but in 
1978, the center of sighting appeared about equidistant between the 
two cities and much nearer shore than observed in previous years. 

Pt. Hueneme to San Diego.-1962-65 , Fig . 8; 1966-69, Fig. 9; 
1970-73, Fig. 10; 1974-78, Fig. 11. 

In 1962-65, anchovy sightings were evenly distributed between 
Pt. Hueneme and Dana Point, in the Catalina Channel, and about 
Catalina Island . Sightings were less frequent south of Dana Point to 
San Diego. From 1966 to 1969, the observations were centered in 
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the Catalina Channel and numerou s observations were also made 
off the coast from Long Beach to Newport Beach. 

From 1970 to 1973, the major observation areas were again near 
the center of the Catal ina Channel, with sightings extending 
northwest from the Channel south of PI. Dume. 

Sighting occurrences for 1974-78 appeared to "clump" In the 
Catalina Channel area, extending from sou theast of Long Beach to 
ncar Pt. Dume. 1978 sighting,> were more scattered throughout the 
area, except for high density areas of sightings southeast of PI. 
Dume. 

Index Trends.-The northern anchovy Illght Index trend (Figs. 
12, 13) was somewhat constant during 1963-69, with an average 
night index level of 3.50. The commercIal catch increased sharply 
in 1969 and 1970, then declIned In 1972 . A period of warm sea sur­
face temperatures which were well above average, occurred from 
August to December 1972 in the northea,tern Pacific (Miller and 
Laurs 1975) , and anomalous warm temperatures may have affected 
anchovy avaIlabil ity. 

The index rose to 14.99 III 1973, and the commercial catch 
increased to ncar 117.9 x lOt. Then, III 1974, a decline in IIldex 
level and catch was eVIdent. In 1975 the IIldex Increased to 11.38 
and the catch Increased to a record peak of 146.9 x 10 t. The catch 
dccreased slIghtly III 1976 and 1977, then dropped to a very 10'" 
level of about 16.3)<' 10 till 1978 . 

The aenal apparent abundance Index declIned in 1973-78 (see 
inspect1C1n fitted average IlIle, Fig. 12) . and this do",n",ard trend 
preccded the decline of the fishery. In 1975. the peak year of catch, 
the apparent abundance was not as great as It had been in 1973. 
However. suffiCIent fish were avaIlable In 1975, at an index level of 
11 .38, to meet the needs of the fishery. The 1978 apparent abun­
dance IIldex level of 1.91 was slightly belo", the index levels 
observed during the 1963-69 period. The total catch of anchO\') in 
the central stock area. of ",hlch the southern California fishery i a 
part, was greater than the catch totals given in Figure 12, due to 
substantIal quantities of anchovy landed and proces ed at 
Ensenada. Baja California, Mexico. 

Night indIces observed for the major fi hing areas from near 
Santa Barbara to Dana Point. including the Channel Islands and San 
Pedro Channel, are shown in Figure 13. Zones G and H, the Cata­
lina Channel, and the Catalina/14 mile bank area, were the major 
producing areas, and the highest indices were recorded for these 
areas. In 1978, a season of much reduced catches. the apparent 
abundance index increased for the Santa Barbara coastal area (zone 
C), the only anomalous trend observed. 

Pacific Sardine 

Morro Bay to San Nicolas Island.-1 962-65, Fig. 14; 1966-
69, Fig. 15. 

The Pacific sardine fishery in the Monterey Bay area failed in the 
late 1940's. By the time the aerial monitoring survey program was 
started, little observation effort was being expended along the cen­
tral California coast north of Morro Bay. In 1962-65, some flights 
were made along the coast from the south , to, and into, Monterey 
Bay. A few sardine school s were sighted in Monterey Bay but most 
were sighted along the coast south of Pt. Sur to Cape San Martin . 
Some schools were sight~d from Morro Bay north (Fig. 14) . 

The last major 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 of about 9.1 x 103 t 



of ~ardine\ in thc an:a A tter the \tan of fl\hlOg.. the \ardlOe chllol 

group. which had been ob\en'ed 10 the li,hlOg. an:a lor 2 "I.. or mon: 
bcfon: the ~ea,on opening. appean:d to Immedlatel) \tan migrJtlng 

,outhea't. A licr 2 d or fl,hlOg and a catch or about 2 7 lOt. onl; u 
few add itional ton~ wen: tal..en 10 the an l.:ola\ bland an:a. Dunng 

1966-69 (Fig, 15). only a fe\\ small ,choob \\cn: \ighted along the 

coa,t 011 Morro Ba). Avila. and Santa Barnam. 

Pt . Huenem e to San Diego.-1962-65 . Fig. 16 . 1966 6':1. Fig 

17: 1970-73. Fig, IR. 

Dunng 1962-65. ,ardlllc, wcrc mo,t frequcntl) 'Ighted III the 
San Pedro Channel ,outh of Lo, Angele, Harbor. and ncar C Jtalilla 

bland, In 1966-69. onl) \1'1: '>Ightlng' were recorded 011 the Lo, 

Angcle, area and ,outh\\ cst of San Clemente bland The 1970-73 

chart ,hows a small number of '>Ightlllgs off La Jolla. ncar San 
Diego. Since 1974. thc acnal spotter\ have not '>Ightcd an) IIldl\ id­

ual schools of sardines, 

Index Trends.-The pelagic resourcc aerial monllOnng program 

was started after the major decl inc in sardine abundance occurred. 

However. the aerial index gives an Insight into the la,t declining 
years of a once major resource (Fig, 19) , In 1964 . thc catch was 

only about 6,4 x 10 ' t and the night IIlde'\. value was about 1.00: It 

was the last year sardines were caught In any quantlt) off southern 
California, In 1965. the index level declined to a very low leyel and 

has remained at a 0 ,00 level since. No indi\idual schoob of sar­

dincs have been recorded since 1973 , 

Pacific Bonito 

Morro Bay to San Nicolas Island.-1962-65. Fig, 20. 1966-

69. Fig. 2\: 1970-73. Fig . 22: 1974-78. Fig. 23. 
The geographical di~tribution of PaCific bonito Slghtlng\ In thiS 

area changed little during thc survey period, The) were frequentl) 
sighted along the coast from east of PI. Conception to ncar Ventura. 

around Anacapa bland. Santa Cruz Island . and ncar the ,outhea,t 
side of Santa Rosa bland . The) were more frequentl) obscn ed 

along the south side of anta Cruz Island. During 1974-78. the fre­

quenc) of sightings decreased. but the general distnbutlon of \Ight­

ing' remained the same, 

Pc Huen eme to San Diego.-1962-65. Fig, 24: 1966-69. Fig. 

25. 1970-73. Fig . 26: 1974-78. Fig, 27. 
The geographical dlstnbutlon of Slghtlngs changed little III this 

area from 1962 to 1978 . As in the case of the northern anchO\ y. the 
distribution pattern of Pacific bonito since the mld-1960-" ha\ 
become more restricted . \\ Ith sighllng~ being found closer to the 
maliliand coa~t and 1,land\. The frequenc) l)f ,ightlllgs peal..ed dur­

Ing I 966-6q . \\ Ith the maJor Slghtlllg area belllg In)1ll the Cornnadl) 
Islands. In,ico. to Dana POIllt. In 1970--'3. ho\\ e\ er. the) \\ ere 
more common I) obsen ed off an Diego, Sightings ,)1' Paclfl,' 
bonito were lewer III number dunng 1974-78. and the I q 7 8lght­

lng' \\ ere pnmaril) olT Dana POlllt. !\ie\\ port Beaeh. and Pt. 
Dume , 

l nde" Trends.-Paclfic bonito IIlcrea cd III abund,ln,'e \)ff Call 
1'0 l' III ,I dunng the \\arm )l'ars \)1' lq:'-5, and \Ia, IlShed Itghtl) 
bem een thaI t line and 1 qO) Due to dl, rea,e. III th,' :1\ JII:lbl\tl) or 
abundance l)fthe Pacltl, ard\l1e. Pa,lft, ma,'l..erel. :lndJJck mad,­
erel. Pacific bl)nll\) b" ame J t .. rget peCI" ateh" off Jltf, rn,;J 
m,)re than dlublcd bel\\ een I qo: Jnd I qt>t>. IX:I Ing \1 Ith ,';n,'h of 
JbOUI q 2 10' t. 

pennd 'n doJloJ \loJ J\ t1.lOle for lun I 
I IN hJII-yc;Jr data (norm 11\ 10\1) mdl h 

nh en "d The mdc m rca d to pcJI.. 01 I II In I ) 2 

[0 t Jc\ el and rCIl1.tlned 11m. w uh J ( altlllrlllJ 

011.2 10' t reported In 197 

The maJnf 'Ighllng area., lor P.lCllll \)onllo (h' 29, \\ n:: Ih 

BarnarJ COJ,t and Ch,JI1ncl r LlIld, (LOnl Jnd DJ and th l 

In 1978. the night mde\ Illcn:J,"d tn () Y4.1 I'd iiI. bOlllh) I n: 
ob,erved III greater quanti lie ~t night than dunng the da\ .1 IlU Ilion 

lhat occurred onl) m one other) ear. 19n 

Pacific Mackerel 

lorro Ba~ to ' an ,\icola, 1,land.-Il/h2 h- II' 0 IQhh 

69. Fig. 31. 1974-78. hg 32 
In the :lrea 01 t\.lorfll B~) II) ".In "'ILl 1.1,1 land 1'.ll.Il I, III I.. d 

\\ ere cOlllmnnl) 'Ighted In Ih, \,II11a Barh,tr:l ( han'l I Jr I nd 
abllut the Channel Island, dunng IYh2-h5 (on "Illr tlilll Wl:n 

sighted along the (,)a,t from e,lS[ II PI IIn .. lplion tin Ir \ ntur I 

\\ nh a center nl ighllng near <;Jnta Burh,lr.J Some. .h 101 \1 n:: 
'Ighled along Ihe nnrth (oa. t 01 ,Jnt" Cnll I I nd Jnd th th Id 
01 :\n~capa. and nn the north Ide 1\1 Solll 

19b6-69. onl) 21 ,ehool, or .. hllol group 
\\ hlch \1 ere along the <)antJ Barhara loa o .. h 
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Table 3.-Annua l indice, of 'lbundance for du) and nighl nil,"", <llion \. \ du\h ( .. J ineii tu tt \ no ni J.! hl IIh, cnulio,,\ In 111\ 11111(', n.no ,neil! al"~ flb"nali,," ,·rr"rl in 
'flur pl .. n" 

Zone 1962 

NORTHERN A CHOVY 
A 
B 

D 
E 
F 

G 
H 

K 
L 
~1 

1\ 

o 
P 

Average 

all 

Jone:-. 

Average 
D+ . 

PACIFIC BOi\ITO 

051 I 22 
3.25 ~ 18 
005 O<lQ 
0.00 2 97 

-,0.00 
- 000 
-/100 

I 79 I 99 

A 0.00 000 
B 0.01 000 
C 0620.25 
D 0.83 0.63 

E 000 
F - 000 
G -0.00 
H 

K 

L 
~1 

:-.; 

o 
P 

Average 

all 

zones 

Average 

D+N 

02310 19 

JACK MACKEREL 
A 0.000.08 
B 0.02'000 
C 1.59,0.45 
D 0.0011 45 
E -'0.00 
F -'2.91 
G -1-

H -I-
I -1-

K 

L 
M 
N 

o 
P 

Average 

all 
zones 

Average 

D+N 

-1-
-1-

0.51 /0.46 

196 .. 

10.98 13 28 
6 17 1302 
0.401 2 70 
I 2411002 
0001 I 05 
~.6t)l I 71 
0.51 I 81 
0.14 0 12 
0,14 000 
078 0 n7 

0.00 

0.00 000 
000 0 01 
3 63 I 51 
0.65 I 88 
0.02 1 15 
000000 
0.310.17 
0.85022 
000 0.45 
3.070.23 
o 13 -

1.62 '0.68 

1.811 0.00 
3 48, 1 37 
0.% 0.49 
1.79 1377 
0.27 4 74 

11.163970 
1.23 1.76 
0.56 I 34 
2.11 5.53 
0.671 0.54 

0.001-

1.41 12.98 

1970 

1965 19M 1'167 1'!Io8 1969 (Jan Ihru June) 

() 2!Wl - [) 00 0 00 o 80n 32 
4 08 ~ 08 

0.90285 
0.21'475 
non ~ 14 
5.75 037 
054 021 
o ~x I on 
0050, II 
(1 X5 0 ox 

2 51 2 4X 
I ~5 5 75 
I R2,XI>" 

{) 48 ~ 1>7 
000 Il 12 
(lOO () 58 
I 42 ~.2~ 

II U5 1.<10 
0.02 0 ~4 
000, (Hl 

000 

2 02 I> ~.~ 

029 15 ~ I 
() 271 2 79 
o 141 6 7~ 

15' 
0281 [J. ~() 

2 91/ ~ 03 
Oh.~1512 

~ 15' 0 II 
(J [JO () [JO 

2 40 S 32 
5 45 I f>O 
2 7 (J 71 
(1 1620 16 
II 00 0'0 

()7~461 0017'000 0071 41-

(1 lKl 

1m .. <10 

o 50 n 00 
II III. t) 01 
'41111 1 

I 411 11 12 
050 Il 00 
041 000 
0.30000 
2 12 0 53 
~ 401154 
I 100.00 
000 

I 620.2b 

8 32 2.89 
665 6.67 
0.83 0.56 
2 72 5.36 
0.9312.31 

1.6312.3 1 
0641099 
0.01 1 11 
o 17 1.86 
0.72/1 .51 
0.001-

1.62/2.18 

(J ().t 76 I 7h.l7 () H761J I '1387 0 3240 0 63117 

() 04U" 241R 
I ()<) () 21 o 1 1'0 12 

(J ~ 124 I 9662 0 031JOI () 163 
0121 06701 o 66M.1 () 00 

() ()O 261 
2 241 I 7x 
2 2M I 41 
() 2 2 ~~ 
II 15 I ~~ 
II IKJ () n 

() fXl () 600() 

I) 551 12 10~6 

o rJO '0 00 0 00 
501451357KO 31 7112 17 ~166 

" 35'17 3 21lO4 
071>204971 
o ~53h 3'1 9 
1100 ono 

0'104 I 1 7 4 30 I 1274 I ~C,,' 1 1 1 4 1~62 b 6325 )41 

007 

11 71 

o 0()9q 

Ol 
o 1617 1 1601 

o ~2 50 I '9 
I] 00 0022" 
000 000 

o 0 
o [) 000 
0299402715 
() 2 33 0 23 
000 000 
000 000 

1.1 
000 0006 
0005' 05 6' 
000 000 

- 0 00 

000 00 
002 D 00 
2 I 040 
0.5010 
o 1 OLIO 
()OOOOO 
() <;0001 

2 On 0 32 
II 40 II 11 
I 71 (146 

000 

01).1000 
041000 
1 1 0 1 

I 2' 0 <;4 
4 UlOOO 
0011000 
I 1'10 In 
001000 
() Do 002 
4 '10 ( II 
UOOuUO 

o ()' () 00 
OS.11l2 
01 0 0 

000000 
000001.1 
u bON 
000 0 Q~ 
OIZOOO 
1 ~" C 12 

o 125 0 1666 0 

.j<; '1000 

o 0'10' 0 0607 
o 0~03 005'4 

I "03 0 0 '2 0 Mo.: 0 051 
02666 0 00 0 54" 0 00 

1 260 19 I 340.15 I 35 U 34 04325034'17 0 ~o 20 I 15 0.00590 1000 

0.78 167 
1.03 I 22 
o 14 0.33 
1.44 140 
0.72 155 
000.1741 
0.02 0.29 
071 0.43 
135 0.75 
0.86 0.96 
0.00:-

0.71 136 

4 29 25 72 
0.74 8.7 
0.06 003 
0.24 I 62 
0.16 738 
000127 91 
0001 I 05 
0.04 2 18 
0.19 237 
0.00 0.06 
0.00 0.00 

0.28,1.94 

6 

o 1-
0.7 I 34 
004 0.33 
041 0.24 
000 ~ 15 
000 384 
000 0 10 
0.011 033 

0.04 3 27 
0.001 003 
0.001 I 75 

0.20,1. 41 

0.56 

105 

091-3 -
00966 -
01319 0.023 
02064 0 1962 
02475 4091 

10.8714277731 
0.0239 0.0072 
000 0.2665 
0.0045 1.2164 
0.0855 I 0799 
000 I 0937 

0.3044 2.2488 

0 .9754 

02359 

0.0~90 000 
0.00 0.00 
0.1150 0 1725 
o 1544 03300 
0.00 441 5 
3.5696 13 0 33 
0.1394 0267) 
000 0.599 
0.0489 1.5 33 
0.06 16 03058 
000 000 

0. 111 90.6562 

0 .3143 

000 
0.3065 0 3225 
0060 0 Ii 5 

000 000 
- 1~ 31 4 

0.0339 00119 
0.0172 03045 
0 .4090 0 7432 
0. 64 10 2. 1129 

-1-

0 . 1648 '0 .58·B 



zone but no fish sighted. Indices given as dayl night. 1962 to 1967 data inconsistent regarding number of decimal places, all to 1\\0 places plu,; after 1968 all carried In 

1971 

-1-
0 .2592 /0.00 

0.6580 /3. 0459 

0.1368 /2. 1839 

0 .229510.00 

0.00 10.00 

6.5099 /8.7620 

3. 1002/1.1379 
0.3917 /0 . 1228 

0 .7907 /0.0555 

0 .00 1-

1.189312 .3 107 

1.5962 

-1-
0 .00 10.00 
0.197110.8846 
0.1732/0.0324 

0 .040910.00 
0.00 10.00 

0.1627/0.0094 

0.00 10.0029 
0.0 128/0.00 

2.6452 /0.8333 

0.2857 /-

0.553010.1516 

0.4073 

-1-
0.00 I 0.00 

0.02671 0.0600 

0.06321 0.0216 

0 .00 I 5.4017 
3.3700110.4297 
0.0 18010.1581 
0.00 I 1.3275 
0 .0 1281 1.1978 
0.01481 0.00 

0.00 1-

0.044910.9225 

0.3633 

1972 

-1-
0 .00 10.00 

0.8916/1.9063 
0 .3668/0.7927 

0.00 10. 1346 

0.00 10.0674 

5.72 11 /3.5333 

0.77 1110.0522 
0.537 I 10. 1363 
1.5934/0.00 

0.00 10.00 

1.3155/1.4058 

1.3486 

-1-
1.7 808/0.00 
2.0008 /0.6135 

0.4746/0.1506 

0.00 /0.061 

0.00 10.00 
0.0036/0.003 I 

0.00 10.0672 

0.00 10.0239 
0.0102 /0 .00 

0.00 10.00 

I. 11 71/0. 1993 

0.7807 

-1-
0.00 10.00 

0.0024 /0.0050 

0.007 I 10.2349 
0.00 /0.0961 

0.00 /6.4061 
0.0036 /0.0534 

0.00 10.34 I 7 
3.5087 /0.3480 
0.020510.00 

0.0641 10.00 

0.132510.7388 

0.6983 

1973 

0.2857/-

I. I I III 7.6222 
0.54491 8.0520 

1.83841 1.7935 
0.12001 0.00 

16 .25531 0.00 
8.0516125.7464 

6.5606/18.8580 
2. 11851 7.2598 
0.42071 9.2647 

0.27321 0.00 

0.19961 0.00 

0.00 I 0.00 

0.00 1-

-1-
0. 1273 /-

2.44011l4.9912 

5.8869 

0.00 1-

0.5158/0.00 

1.0244/0.9090 

1.3562/0.8664 

0.00 10.00 

0.00 10.00 
0.1318 /0.0707 

0.022010.0453 
0.0098 /0.0196 

0.8039 /0.0490 

0.00 10.00 

0.1068/0.00 

0.00 10.00 

0.0056 /-

-1-
0.00 1-

0.3944 /0 .3902 

0.3932 

0.00 1-

0.00 10.00 
0.0018 /0.00 

0.00 10.00 
0.00 10.00 

0.372310.6862 
0.0156/0.0415 
0.00 10.0075 
0.00 11.0669 

0.0012 /0.00 
0.0206/0.00 
0.00 10.00 

0.00 10.00 
0.00 1-

-1-
0.00 1-

0 .0066/0.0603 

0.0213 

1974 

0.00 1-

0.00 1-

0.29831 7.1637 

1.413915.22 12 

0.70101 0.00 

6.32351 1.3113 
7.5068111.3228 
4 .7 102 /6.8398 

0 .35641 2.6627 

1.32351 0.1707 

0.14031 4.0588 

0.00 1-

0.00 1-
0.3216 /-

0.00 1-
0.00 1-

2.044317.9060 

3.8738 

0.00 1-

3.5294/-
0.8467 / 1.0172 

0.0776/0 .0075 

0.00 10 .00 

0 .00 10.00 

0.0043/0.0098 

0.005110.0 I 88 
0.0166/0 .00 

0 .397510.00 

0.0054/0.00 

0 .071010.00 

0.00 1-

0.1444 /0 .00 

0.00 1-

0.00 1-

0.2492 /01775 

0.2268 

0.00 1-
0.00 1-

0.00 10. 0948 

0.0032 /0.0151 

0 .00 /6.1830 
1.3088/3.3473 
0 .0172 /0.0984 

0.0357 /0.1190 

0.0367 /0.9224 
0.005110.00 
0.00 10.00 

0.00 1-
0.00 1-

0.00 1-

0.00 1-
0.00 1-

0 .0274/0.4350 

0.1546 

7 

1975 

-1-
0.12501 0 .00 

4.17901 5.3511 

1.66211 4.035 I 
0.00 I 0.00 

0.00 I 0.00 

10.9772118.18 I I 
1.48561 2.0287 

0.25141 0.00 

0.90501 1.3255 

0.00 I-

1.30751-

0.00 1-

0 .00 1-

-1-
0.00 1-

3.9212/11.3889 

6.0923 

-1-
0.00 10.00 

0.43 19/0.00 

0.400510.0067 

0.00 10. 00 

0.00 10.00 
0 .0014 /0.0035 

0.00 10.00 

0.00 10.00 
0.003510.00 

0.00 1-

0.00 1-

0.00 1-

0.00 1-

-1-
0.89281-

0.086010.0027 

0.0608 

-1-
0.00 I 0.00 
0.00 I 0.0413 

0.00 I 0.0067 

0.00 I 0.6250 
0.00 137. 5000 

0.00 I 0.0172 

0.23961 2.0881 
0.68141 5.7410 

0.00 I 0.00 
0 .00 1-
0.00 1-

0.00 1-
0.00 1-

-1-
0.00 1-

0.076110.4013 

0.1708 

1976 

0 .00 I 0.3030 

3 69301 4 0366 
12133 /4. 1187 

0.00 I 000 
0.00 I 0.00 

3.38941 8.4065 

2.29031 3.0512 

0.00 I 0.8730 

0.4436/10.0188 

0.00 I 0.0952 

0.00801 0.0615 

0 .00 1-

0.32651 0.00 
-1-

0.02931 0.00 

1.5046/5.3696 

2.2860 

-1-
0.00 10.00 

0.2324/0.0076 

0.159510.00 

0.00 10.00 

0.00 10.00 
0.0118/0.00 

0.0067 '0.00 
0.012910.00 

0. 1817/0.00 

0.00 10.00 
0.0013/0.00 

0.00 1-

0.00 10.00 

-1-
0.00 10.00 

0.0748/0.0021 

0.0602 

-1-
0.00 10.00 

0.00 /1.4669 
0.311011.2332 
0.00 10.00 

0.7614,4.0483 
0.0768/0.1725 
0.027111.5528 
0.107711.6349 
0.1362/0.00 
0.00 10.00 

0.00 10.00 
0.00 1-
0.00 0.00 

-/-

0.00 0.00 

0.0817.0.8735 

0.2406 

1977 

0.304 1000 

4.23 '2.913 
4.678 6.34 
0.00 10.054 

0.00 10.00 

3.794 16.68 17 

1.408 /2.059 
0.4216/0.1498 
1.301512 .253 
0.028 ,-
0.1430'2.307 
0.00 1-

0.9308/0.6909 
-1-

2.76510.2413 

2.1849/4.639 

3.4003 

-1-
0.00 10.00 

O. 174 I 10.00 

0.00 10.00 

0.00 0.00 
0.008 10.0253 

0.0109/0.00 
0.0109/0.00 

0.00 10.5381 

0.102010.053 
0.00 1-

0.00 10.00 

0.00 
0.00 10.00 

0.00 10.00 

0.039010.0386 

0.0388 

0.00 I 0.00 

0.0223. 0.5589 
0.2959 3.1454 
0.00 1.3949 
0.00 '27.2615 
0.33591 1.5846 

0.2008. 3.6547 
0.7458. 0.7779 
0.12751 0.2298 

0.0354'-
0.00 I 0.00 
0.00 1-

0.00 0.00 
-1-

0.00 I 0.00 

0.19442.7751 

1.4n6 

1978 

0.00 
0.3478 8 3585 
7.5962, I 9864 

0.8298/000 

0.00 000 
I 3494 1. 1229 
1.3961'01747 
I 6298/0 5993 
2 3 I 55/0 0354 

0.8249 -
3. I 106/-

0.00 1-

0.00 
-I 

0.00 

2.0742.1.9153 

2.0118 

-1-
-,-

0.10850.00 
0.00 /I 9514 
0.00 000 
000 10.00 
0.1039/0.6735 

000 0.0075 
0.00 10.0177 

0.845162247 
0.00 
000 
0.00 
0.00 ,-

-I-
000 ,-

o 1268/0 9380 

0.4455 

-1-
-/-

0.0089 0.00 
0.1687 I 8643 
000 09315 
9 1818.146290 
2.4415 49477 
2.3239 10 8547 
5.2704 1 8989 
000 000 
0.00 
000 1-

000 ,-
000 
0.00 
000 

I. 1847 4 2077 

2 3724 



Table 3.-Colllilllled. 

PACIFIC MACKEREL 
A 000, 000 
B 0.30 Ol)3 

0.00 3 l'i 

D 0.501 0 ~O 
E -I ~ 7'i 

F • 000 
G ,,8 75 

H 

" L 
~1 

N 

o 
P 

A\erage 

all 

I' 

o 17 I 26 

PACIFIC SARDI"E 

A 000 000 
B 005 2 I ~ 
C 0.0-\ 000 
D 000 02'-
E 12 SO 
F 0.00 
G 000 
H 

" L 
\1 

" o 
P 

A\erage 

all 

Average 

D+1'< 

004 1.00 

PACIFIC BARRACCDA 

A 0.00:000 
B 000.0.00 
C 000.0.00 
D 0.00/0.00 
E ·,0.00 
F ·10.00 
G ·,000 
H ·1· 
I .1. 

K 
L 

M 
N 
o 
P 

Average 

all 

zones 

Average 

D+N 

.1. 

-I-

0.00/0.00 

0.00/000 
0.00 I 'i6 

0.2.1 0.17 
I 41 2 20 
OUOo7 
'i 4(l 6 5Q 

0.7Q 046 

2 III I 02 

0.76 (lAO 

l),g.1 144 
I 114 

11 74 () 91 

I 40 3 7, 
01 000 
002000 
o 07 2 16 

~ ~2 (} -' 

UOOOOO 
O.O~ 0 30 

006067 

OliO 0 00 
o 120.05 
0.00 

a 22 0 50 

000 0 00 
000 000 
034 043 
000,000 
000,000 
0.00 '0.00 
000'0 II 

0.00,0.00 
o 150.00 
0.04 '0.00 
000-· 

0.08/0.15 

191>4 

nooo O(] 

OOOOllO 

00.10:\0 

04902.1 

11 02 '0 7·1 

1 15 1 1>2 
o 7R 0 1/1 

o 14 II 11l 

0010" 
II 75 (] 2'1 

000 

01111 11 

I 220 II' 

026 I 0.\ 
OIlOOll' 

0211100 

I 7, 7 • 

I •• 17 I 1,2 
11 170 Il 

000227 
( (\0 ( 00 
o 22 01)\ 
0\1() • 

o 27 I 01 

000,000 
000000 
045 0 4~ 
000001 
0.00,0.00 
000:000 
000000 
0.000.00 
0.00.031 
0.000.00 
0.00/· 

0.08/0.12 

11/1>'\ 

oon () 00 

() (~)IO 00 

(1).1 02X 
() 050 OM 

omo()o 
() (l()U 21 
() IX) 0 44 

000002 

/) 00 (l II 

11 IWIIi 11> 

(J 1M) 

Oo-\U()(l 
o 1000 

o t)7 0 112 
000000 
000000 
01)() 000 

0 1)1 000 
( )() 0 I)() 

( ')() 0 I)() 

;)I) I ()Q 

000 

002 005 

O(W)OOO 

0000 I~I 
0250 ()() 
000000 
000000 
000000 
0.02000 
0.00 0 00 
040000 
0000 00 
0.00,· 

0.1010.00 

8 

o IX) () IX) 

() IX) () 110 

o III () ,5 

() IXI 0 01 
() (X) IJ 1M) 

o ()() 2 <15 
OIXIIII).1 

II IW/IJ 02 
o IXI \lIN 

11000 ()I> 

1l0(l\l()() 

00001 

OOOOC)() 

01 01 

000000 
Ol)()OOO 
o I)() OOU 
o no OIM) 

000009 
II 10 I XI 

I O(H v.: 

(10001"1 
II 14 0 00 
o U2 ono 
() 01 UOO 
o (XI 0.00 
000000 
0000.00 
0000.00 
002 000 
000000 
000000 

0.03/0,00 

11/(,7 

II IXI 

II IMI I) IMI 

I) lXII/ IXI 

IIIMI 1/ IXI 

1/ 000 00 
II I~I () IKI 

II llO I) IX) 

000 n IXI 

000002 
II 00 (I 0(1 

o llO 0 00 

{IO r ()() 

00020 

000 

(100000 
() 000 

I) 00 I) 00-

lllXI 

II ()() iJ LX 

II 02000 
IlI)() 000 
000000 
000000 
0.00 0.00 
0.11000 
001 0.00 
000000 
0.00 0.00 

0.00,0.00 

0.0035 

1')70 
I'JIJ·' (Jan IhllJ June) 
~------~ 

IJ Oil, 

o (XI 

II 1)0 0 IXI 

000000 
o IX) 0 In(,/, 

IJ (1) () 01151 

() 110 0 IK) 

001) 0 0042 
() 00000 
0000 IX) 

nOOooo 

() Oil 0 00 

olIO 
000 00 

00000022 0 00'1 

o ooo~ 

o 
000000 
)00000 

00000213 
000000 
000 00 
OOO~OO 

000(10022 

00007 

000 
000 
o 0.1 ~ U 0119 
000 000 
o DO OeM) 
Ol)() 000 

000 000 
0.00 000 
000 000 
000 000 
0.00 000 

o lh 

0(01)00 

(100000 

00000 

0(1() 000 
o ()() t) 00 

004220.00 
000 000 
000 000 
000 000 
000 000 
000 0.00 
000160.00 
00429000 
000 000 

0.0077 0 0016 0.0183'0.00 

0.0056 0.0115 

()OOOOO 
OOOOO(J 
000000 
onoooo 
IJ (X) 0 (j() 

0000 
000 0 OO~O 
o !) 0 01 0 
000 0 (j(1 

o (j( 0002 

o - 0 00 

000 
o 0191l 0 ()() 
000 0 ()() 
000 000 

·0.00 
000 000 
000 000 
000 0.00 
000 000 

0.0084000 



197 1 

-1-
0.00 1-
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.6744/0.00 
0.00 10.00 
0.099010. 1315 
0.0025/0.045 1 
0.0005/0.00 
0.00 1-

0.0042/0.0028 

0.0233 

-1-
0.00 10.00 
0.00 10 .00 
0.00 10.00 
0.00 10.00 
0.00 10.1000 
0.00 10 .00 
0.00 10.00 
0.00 10.00 
0.0207/0.00 
0.00 1-

0.003010 0008 

0.0023 

-1-
0 .00 /0.00 
0 .0 125 ' 0.00 
0.00 0.00 
0.00 /0.00 
0.00 /0.00 
0.00 /0.00 
0.00 000 
0.00 0.00 
0 .00 /0 .00 
0 .00 

0.00550.00 

0.0035 

1972 

-1-
0.00 /0.00 
0.00 /0.00 
0.00 10.00 
0.00 /0.00 
0.00 10.2932 
0.00 /0.00 
0.00 10 .0047 
0.00 10.0492 
0.0041 /0.00 
0.00 10.00 

0.0003 /0.0338 

0.0126 

-/-

0.00 /0.00 
0.00 /0.00 
0.00 10.00 
000 10.00 
0.00 /0.00 
0 .00 10 .00 
0.00 10.00 
0.00 10 .00 
0.0205 /0.00 
0.00 10 .00 

0 .0015 /0.00 

0.0010 

-/-

0.00 0.00 
0 .00 /0.00 
0.08560 .00 
0.00 /0 .00 
0 .00 /0.00 
0 .00 '0 .00 
0 .00 0.00 
0.00 '0 .00 
0.00 '0 .00 
0.00 0.00 

0.01900.00 

00120 

1973 

0.001-
0.0010.00 
0.00.000 
0.001000 
0.0010.00 
0.00/2 2058 
0.0010 .00 
0.00/0 .00 
0.0010.00 
0.00/0.00 
0.0010.00 
0.00/0.00 
0.00/0.00 
0.001-

-/-

0.001-

0.000010.0282 

0.0077 

0 .00 /-
0.00 10.00 
0.00 /0.00 
0.00 /0.00 
0.00 10.00 
0 .00 10.00 
0 .00 /0 .00 
0.00 10 .00 
0.00 10 .00 
0.0102 /0.00 
0 .00 10 .00 
0.00 10.00 
0.00 10.00 
0.00 /-

-/-
0.00 /-

0.019'0.00 

0 .0013 

0 .00 /-
0.00 /0 .00 
0 .0037 000 
0.00 0.00 
0.00 /0.00 
0.00 /0.00 
0 .00 0.00 
0.00 0.00 
0.00 

0.00 
0.00 000 
0.00 0.00 
000 /-

-/-

0.00 

O.OOO-l'O.OO 

00003 

1974 

000.-
000/-
000,000 
000'0.00 
000000 
0.00/000 
000000 
000000 
000.0.00 
0.00/0.00 
0.00/0.00 
000.-
000 -
0.00. -
0.00/-
000.-

0.00/0.00 

0.00 

0.00/-
0.00.-
0 .00/0.00 
0.00/0.00 
0.0010.00 
0.00/0.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.000.00 
0.00/0.00 
0.00/-
0.00/-
0.00'-
0.00/-
0.00/-

0.00'0.00 

0.00 

000 /-
0.00 
0.2688 '0.00 
0.00 '0.00 
0.00 0.00 
0.000.00 
0.00 0.00 
000 000 
0.00 '0.00 
0.0068000 
0.00 '0.00 
0.00 
000 
000 
000 
0.00 

00407000 

0.0260 
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1'175 

_/-

000 10.00 
000 000 
000 000 
000 000 
0.00 10.00 
000 /0.00 
000 '0.00 
0.04461000 
0.00000 
000 
000 
000 
000 

-/-

000 

0.0035 '0.00 

0.0025 

-/-

0.00000 
000000 
0000.00 
0.00'0.00 
0.00'000 
000'000 
0.0010.00 
000'000 
000/000 
000 -
0.00.-
o OO!-
000-

0.00-

000.000 

000 

000 
0.0252000 
0.00 000 
000 000 
000 0.00 
000 000 
0.00 0.00 
0.00 000 
0.00 000 
000 
000 
000 
000 

0.00 

0.0030000 

0.0021 

1'1711 

000 000 
000 lUK) 
000 00394 
o 1292 0 00 
000 000 
000 000 
000 000 
04707000 
{j 0068,0 00 
0.00 1000 
000 0.00 
000 
000000 

000 /000 

00285 '0.0066 

0.024 1 

-/-

000/0.00 
000000 
000.000 
000.0.00 
0.000.00 
0.00.000 
0.00.0.00 
0.00.0.00 
0.00 0.00 
000000 
000.0.00 
0.00/-
0.00000 

-,-
000.000 

000000 

0.00 

-/-

000 0.00 
0.0396000 
uOO 0.00 

0.00 000 
0.00 000 
000 0.00 
000 000 
000 0.00 
0.00 0.00 
0.00 000 
0.00 000 
000 
0.00 (J 00 

000 000 

00053 000 
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Table 3.-Colltillued. 

Zone 196~ 196} 1964 1965 

YELLOWTAIL 

A 0.00'000 0,00000 000000 o OOiO 00 

B 000'000 0,00000 o OOiO 00 000000 

e 0,00'000 003004 000'000 000'000 

D 0,00'000 036000 000000 0,00000 

E -'000 0,00000 00010 00 000,000 

F -10,00 0.00/000 000/000 000,000 

G -'000 000,000 000'000 001000 

H -I- 000'000 0001000 000,0,00 

-1- 055064 o 13'004 034 007 

-1- 0630 10 000000 0, II> (Joo 

K _1- 0,001- 000- 000 -

L 

M 
N 

0 
P 

Average 

all 
zones 0,00 000 ° 19 0,06 0,01 000 006 0,00 

Average 

D+i'< 

increase in sightings occulTed in thiS area dunng 1976-78. In 1976. 
II sightings were made about San Clemente hland. and 3 
northwest of San Diego. In 1977. 'Ightlngs totaled 210 \\ Ilh con­
centratIOns about Catalina and San Clementc bland, . .tnd .t ,mall 
group of "ghtings about Cortez Ban}.. and along the Cl)a,t nt:ar Pt 
Dumc. 1\lost of the lI1t:rease 111 numbers 01 Slghllng' occurred in tht: 
late summer and fall of 1977. In 1978,321 sightings were made. 
and were concentrated about the snuthern Caltrornia ISland,. 
lI1c1uding Santa Barbara Island. An Increaslllg number of sightlngs 
occurred in the Catalll1a Channel south nf Long Beach. and along 
the coast both east and west of Pt Dumt: 

In recent jears. PaCific mac}..erel ha\e been Sighted In man) 01 
the same areas as dunng the 1962-65 period. the e"\ccptlon bell1g 
that sightings are not as common In the San Diego to Oceanside 

area. 

Index Trends_-The aerial pelagic resource mOllltlmng program 
was started after the major decline of the Pacific mac}..ercl fisher) 
had occurred. However. about the time the survey program \\ as 
started (1963). and in the) ears follow lIlg. a sequencc of se\ere 
recruitment failures helped reduce the population to a very 10\\ 
level (MacCall et al. 1976) . The biomass estimate in 1962 wm, 
about 99.8x 10' I. By 1963. it had declined to about 54.4 ><. 10' t. 
and to a level of about 7,3 x 10' t in 1967, A catch moratorium \\ as 
pl aced on the commercial fishery in 1970, In later years. this was 
modified and catches off California in 1977 and 1978 amounted to 
3.8 and 13.2 x 10' t. respectively. The night index (Fig. 37) 
declined from about 0.91 in 1963 to 0.00 in 1967 and remained at a 
very low level through an 8-yr period. from 1967 to 1975 . The 
catch also declined sharply from 18.1 x 10' t in 1963 to about 
2.3 x 103 t in 1965. Historical records would indicate the Pacific 
mackerel is subject to rather severe fluctuations in recruitment. In 
1976, a small increase in the index level was evident, and in 1977 
the index level had increased dramatically to a level of about 2.62. 
In 1978, the 1977 level increased 2.8 times. to a level of 7.46. 
Within a 3-yr period. the Pacific mackerel went from zero observa­
tions of pure schools in 1974, to a condition in 1978 where it was 
one of the species frequently observed in substantial tonnage. 

1970 

1966 1'11>7 1 'lhK 19h9 !Jan lhru June) 

000,000 O,()(),' 000 1- o OOi() 00 I 

007000 0,00'0,00 000 1- 00010 00 000-

000000 000000 000 1000 000000 0,00/000 

000000 0,001000 000 1000 000000 000000 

000000 (J,OO/Ooo 000 1000 000000 0,00/000 

000 ODD 0,00/000 000 1O'lO 000000 -/0,00 

000000 (),00/0,00 000 1000 000 ()OO 0001000 

0,000,00 () IXI 0 1M) 000 '000 000000 0001000 

o 39 0,00 00<1 n IHI 000 noo 000/0,00 000000 

000000 O(JO O(j() o (JOn 0 00 000000 0,00'000 

0,00000 O(JO OlX) 000 O(j() 000000 

004 000 lUlll O()O 0000,) o LXI om Ii flO 000 (J 00 

0002, o lXlO2 o {)()(JO 

Jack .\Iackerel 

\Iorro Ba~ to ~al1 '\i c() la~ hland.-19h2-65. Fig 38. 1%6-
bY.hg 3Y.IY7(J"'~ Fig 4{).IY74-7 .Fig 41. 

Jad mad,t:rt:! \\t:re freljul;llll} "ghtt:d along tht: coa t frnm AI iia 
north\\ ard III Pt Sur . .tnd from Pt Conct:pllnn t:as[\\ ard in the 
Santa Barnara Ch,lI1nt:!. 1\ ilh Lt:nlt:rs 1I1 "ghllngs In the Channel 
~outheasl 01 Sanla Barnara annut Iht: eastern half nf Santa Cruz 
hland . and nacapa 1 land On't:nation~ on the night log chart . 
fn)m J96~ through 196Y. ~hll\lt:d littk t:hangt: in area\ and num­
nt:r'> sightt:d Ft:\\ t:r ,ighung, \\ t:rc made during 1970-73 anout thc 
Santa Barbar.t coast. Channel. and I land\. and thl mal ha\ e bt:en 
rt:lated to the ntl dlschargt: In thL Santa Barnara hannel 111 earl) 
1470. During thl' pt:nnd. k s \earch etll1rl \\as e"\pt:ndcd north of 
Pt Conct:puon. nut tht: .::fll1rl thaI \\ a. e"\pt:ndt:d talkd to nntc an) 
u)nccntration, During 1976-78, .lac}.. mac}..ert:! \\erc sighted in 
increa~ing number'> at the t:a,tern end of the Santa Barbara Chan­
nel. and about Santa Cruz and Anacapa Island,. 111 the same areas as 
obsened during 1962-69 

Pt. Hueneme to San Diego.-1962-65. Fig 42 : 1966-69. Fig. 
43,1970-73. Fig. 44: 1974-78. Fig. 45 

For the area from PI. Huencme to San Diego. there ha~ been little 
change in the major sighting areas since 1962. Sightmg decltned 
dunng 1970-73. as m the Santa Barbara Channel area. In 1976-78. 
the ~Ightmgs increased along the coast and about the i ' Iands and on 
Cortez Ban}... Dunng this penod. the coastal area from southwest of 
PI. Dume to PI. Hueneme appeared to have a greater number of 
sightings than during 1962-65 . 

Index Trends.-The aerial night index level (Fig. 46) was about 
2.98 in 1963 . with a catch of 42.6 x 101 I. In 196-+-67. the catch 
declined about one-third. but the aerial index did not show a declin­
mg trend. In 1969. the index dropped sharply to a 0.65 level and 
continued to decline through 1975 (0 .40) . In 1976, a mall increase 
in the index was noted (0.87). rising to 2.77 in 1977. It then 
increased 1.5 times in 1978 to a record high of 4.20. The substan­
tial increase in index level in 1977 and 1978 parallels, but does not 
equal in magnitude, the increase in the Pacific mackerel index. 
Both day and night indices for jack mackerel increased in 1978. 
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1971 

-1-
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.001-
0.0010.00 

0.0010.00 

\ 
0.0000 

Bluefin tuna 

A 

B 
C 

D 
E 
F 

G 
H 

J 
K 
L 
M 
N 

o 
p 

Q 

R 
Average 

all 
zones 

Average 

D+N 

Thnas 

1972 

-1-
0.00 10.00 
0.0664/0.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.010910.00 
0 .00 10.00 
0.00 10.00 

0 .003510.00 

0.0022 

0.00 1-
0 .00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.2667 /0 .00 
0.0408 /0.00 
3.0506/ 1.2878 
1.149910.5319 
2.9545 /0.00 
2.4402/-

-1-
16 .356 11 

0.9462/0.0276 

0.6940 

1973 

0.00 1-
0.00 10.00 
0.0074/0.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0 .00 10.00 
0 .00 10.00 
0 .046010.00 
0.00 10.00 
0 .00 10 .00 
0.00 10 .00 
0 .2847/-

-1-
0 .00 1-

0.0213 /0.00 

0.0155 

0.00 1-
0 .00 1-
0.00 10.00 
0.0226/0 .00 
0.0257/0.00 
0.612710.0449 
0.0797 /0.0410 
0.0306/0 .00 
0 .2603 /0 .00 
0.7556/0.00 
1.9407/0 .00 
1.97791-

0 .001-
5.3768/-

0 .001-
14 .3 1811-

0.7972/0 .0202 

0.5547 

1974 

0.00 1-
0 .00 1-
0.0044/0.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0 .00 10.00 
0 .00 10.00 
0 .00 10 .00 
0.2364/0.00 
0.00 10.00 
0.0106/-
0.00 1-
0.00 1-
0.00 1-
0 .00 1-

0.047010.00 

0.0323 

-1-
0 .00 10 .00 
0.00 10 .00 
0.038610.00 
0 .3281 /0 .00 
0 .00 10.00 
0 .0241 /0 .00 
0 .027910 .00 
0 . 1228/0.00 
0 .077910 .00 
0 . 1034/-
0 .36421-
0 .00 1-
0 .7735 /-

-1-

0 .00 10.00 

0.1324/0 .00 

0.0938 

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 Cruz and Santa Rosa Islands, with a few sight­
ings made near San Nicolas Island 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 

11 

1975 1976 

-1--1-

0.00 10.00 
0.00 10.00 
0.00 10 .00 
0 .00 10.00 
0.00 10 .00 
0.00 10.00 
0.00 10.00 
0.0047/0 .00 
0.00 10.00 
0.00 1-
0.00 1-
0.00 1-
0.00 1-

0.00 10.00 
0.00 10.00 
0 .0014/0.00 
0 .0873/0.6451 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 10.00 
0.00 1-
0.00 10 .00 

-1-
0.00 1-

-1-
0 .00 10.00 

0 .0004/0 .00 0 .0015 /0 .0056 

0.0003 

-1-
0.00 10.00 
0 .00 10 .00 
0 .00 10.00 
0 .0545 /0 .00 
0 .0458/0 .7258 
0 .00 10 .0021 
0 .0067/0 .00 
1.2857 /0 .0396 
0 .733010.00 
1.6140 /0 .2380 
1.619010.00 
0.00 I-
1.796110 .00 

-1-
0.2495/0 .00 

-1-
24.7204/0.00 

0 .8766/0 .0091 

0 .7026 

0.0024 

1977 

-1-
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010 .00 
0 .0010.00 
0.0010.00 
0.0010.00 
0.001-
0.0010.00 
0.001-
0 .0010.00 

-1-
0 .0010.00 

0 .0010.00 

0.00 

-1-
0.00 10 .00 
0 .00 10 .00 
0 .00 10.00 
0 .00 10.00 
0.00 10.00 
0 .00 10.00 
0.007210.00 
0.034 10.00 
0 .00 10.00 
0 . 14 1-
0 .00 10.00 
0 .00 1-
4.44 10.00 

-1-

0.037/0.00 
-1-
-1-

0.424/-

0.2 139 

1978 

-1-
0 .001-
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.0010.00 
0.00100.0 
0.001-
0.001-
0.001-
0.001-
0.001-
0.001-

0.0010 .00 

0.00 

-1-
0 .00 10. 00 
0 .00 10.00 
0 .00 10.00 
0 .00 10 .00 
0 .00 10.00 
0.00 10 .00 
0 .00 10.00 
0.00 10.00 
0 .00 10 .00 
4.145/-
0.328/-
0.001-
9.4821-

-1-
2.142/­

-1-
-1-

0.7 183 /0 .00 

0.4361 

about San Clemente 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.-For the 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 sightings, Figure 50 gives 
locations for all years 1962 through 1978. Figure 51, 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. 50) , but few sightings were made north of this area. A 
total of 124 sightings were made during the survey peliod. Figure 
51 indicates that 76 sightings were made west to northwest of 
Ensenada, but few were made in this area south of a linc drawn west 
from Cabo Col nett, Mexico. 

Other sightings 

Although yellowtail, Pacific ban'acuda, white seabass, basking 
shark, and squid are not of primary interest to the commercial aerial 
fish spotter, records were maintained and are given for these species 
because they are of interest to the recreational or commercial fish­
eries of southern California. 

Yellowtail.-Areas of sighting were about the Coronado Island 
Mex ico, north to near Newport, along the northeast side of San 
Clemente Island (Fig. 52), and along the coast from Santa Barbara 
to Pt. Conception (Fig. 53) 

Pacific barracuda.-Small numbers of sightings were made 
along the coast, from north of San Diego to near Long Beach, and 
off the northeast side of San Clemente Island (Fig. 54). Barracuda 
were also sighted along the coast from near Pt. Conception to Ven­
tura (Fig. 55) . 

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

Observations of basking shark (Figs. 58, 59) and of squid (Figs. 
60, 61) are of interest to the commercial fishery and are give n. 
Index values are not given for these species. 

Basking shark.-Although many species of sharks were 
sighted. most were not indentified by the spotter pilots as to spe­
cies. The exceptions were the large sharks, such as the basking 
shark which was the subject of a commercial fishery in the late 
1940's and early 1950's. Aircraft were used in thi fishery to locate 
basking sharks and, on occasions, great white sharks were 
observed (Squire 1967). 

Basking sharks were quite common in coastal waters in the late 
1940's and early 1950's, and at that time were fished commercially 
in California. They were sighted frequently off Avila and Morro 
Bay (Fig. 58) along the coast south of Pt. Sur, but most frequently 
in the central and northern half of Monterey Bay (Fig. 59). Few 
were observed in the mid- to late-1960's and early 1970's. Recently, 
more basking sharks were being sighted north along the coast from 
the Santa Barbara area west to Point Conception. A total of 1,911 
basking sharks were recorded by the aerial spotters. 

Squid.-The only invertebrate animal reported as being sighted 
in surface schools was the squid. Schools were most common about 
the eastern half of Santa Cruz Island and Anacapa Island (Fig. 60), 
and in the coastal area from Pt. Hueneme to Pt. Dume. They 
appeared most common about Catalina Island (Fig. 61), with larger 
concentrations along the southwest side. Distribution of sightings 
about San Clemente Island were grouped at the northwest and 
southeast ends. 
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DISCUSSION 

Evaluation of Index Data 

The aerial observation program relies on the assistance of 
commercial aerial spotters who, for a 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 factor, some of wh Ich 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 location of area searched. In recent years, the 
demand for anchovy has increased and additional emphasis has 
been placed on searching areas where anchovy are commonly 
observed. However, these areas are frequently the same areas 
where other spec ies are observed. 

Table 4.-Ph) sical factor\ affecting the probabi lit) 
of ~ighting a school. X = important, - = less impor­
tant, and 0 = not a factor. 

Area ob,erved X X 
Angle OfvIC"'IOg X 
Sun p()I .. ulOn '\ a 
\loon ph"c a X 
School "ze X X 
School depth '( X 
School den"t) X 
BI<)lumlOcscence level, a X 
'Weather 

clear X a 
tWercaSI '\ a 
haze X 

Configuration of aircraft X X 
Ground 'peed dIfferences 

Identification.-The detection of near-surface schools during 
the day is dependent upon the pilot's abilit) to distinguish subtle 
color and light intensit] differences in the water. Detection of 
schools at night is possible onl] during the dark phase of the moon, 
and depends on the pilot's ability to discern gradation oflight inten­
sity. Bioluminescence of plank.tonic organisms agitated b) school­
ing fish indicates by a dull glow the location and ize of the school. 

Species are identified during the day on the basis of a combina­
tion of two or more of the following characteristics: color of school 
or individual fish, shape of school, and behavior and size of indi­
viduals within the school. At night, species identification is based 
on shape of the luminous area and behavior of the schooling fish 
under undisturbed conditions, or by the behavior of the school after 
being subjected to a stimulus from an external source such as a 
flash from the aircraft's landing light. A light flash causes a 
response or movement of the fish, which agitates the plankton, 
resulting in bioluminescence. The response of the fish to the light 
flash is species-distinctive and allows the trained observer to make 
an estimation of species. The level of bioluminescent plankton 
organisms, the schooling configurations, depth of school , and com­
position of the school (mixed species), are some of the variables in 
night identification. 

School size estimation .- The probabil ity of sighting, identify­
ing, and estimating school size, is affected by the training and abil ­
ity of the spotter pilot. It was recognized in the beginning of the 
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",.IICU Ih.11 l,trloIblillY In rl.'ponl.'u lonnagc, 1\01" high C\ 'n lor con 
SClUllIC fli ,hIS, gil Ing IIIUl.' LOllllucnlc II1lcnoll, I)f c II ilia I of 
'plllllllg pOI\cr .lIld u'lIl) I"h oIhund,lnlC ,\ long-Icrlll a\eragmg, 
hmlClt.:l, Iqll r"duLl'lhl.' 1,IIIoInlC IIll'sll"lolll.' olmc.m "hun I.!n c 
111l.'IJluallll g t.:!HlIpJraliIL' oh'l.'f\,IlIl)n .. hCI\ll.'cll pil ,1\ ,IS pn, cnlcd 
"llhc flighl Illg, Ill.' Ull nIH ".rlIl11 IllhC') IIl.'rc 1(IIlJ..II1I! ,lllhe .11111.' 
,<.:hool or ,"hool group.1I Ihc ,.11111. IIIIlC Illhl') Ilell' oh l'n 109 the 
,amI. \cho()1 01 'Lholll group, II i, pll\\lblc IhJI "'I11l' pc'nod III 11I11t.: 
l11a) hall.' l'lap\cd hct .... ccn nb"l.'r\alion .. , and 111l' ,II ,II Idbrl 1l) 1e1C'1 

<.: hang!.'d . E,lt malton .. alllc" h..:II\lTn plio" 111.1) ,r! \Ill h'lIlgc h) 'Pl' 
1.11.', r..:qllllil1g t.:()nl.'Llivc faLlor, h) prlol 1m CJ<.:h PClIl' "or 
C\Jlllpk, Ihc anlhm;. i\ ,01111.111111.' onc III Ihc 1111lrt' dllfl,'ull pc 
1.1":' 10 cI.r!UJIl.' anu e,llIllale tonnage heclu,l.' (II Ihe Llrgc , hool 

gr(lup\ Jnu l.rrgc lonllagl.'~ .II Jrlahle . 

Prlol e,lIlllall(ln ,alu~, lor ,lnch<1') 111.'1,' c.rkul.lled II Illg dJI.1 
lor Ihl' pellod 15 Scplemhcr 10 J 1 Dccelllher I lJ()() , 111119, 1974 , 

1l)76, and 1477. I'lrghl 10£' 011 \10 !If Ill,"l.' 'p"llCI prill" II crt' C, \Ill 
pared u'lng ob,..:n<lIlOn, IhoughllO hI. ne .. , Ihe ,.11111. gl."'grdphlL',t1 

locallon. for ellher da) or I1Igh!. Onl.' denal 'r"llCI, r,'u'gnll d 
alllong hl\ p..:er .. a, an able and l'IImpelClll nh,eller. II", 'Ck,lcd .. 
Ihe J..l') oh'cner and hi' oh,enJlion, \ll'I'" u,ed .. \ .1 rekrcnl'\' 
ha,c The re,ult, lor oh\erl .Ilion, rnr (Hh,'r 'p"ller prllll\ Indl~.ll~ 

Ihal, \Ih,'n (lIl1pared II Ilh Ihe ~C\ ~Il'rial 'I'''lll'r, III" pJinl' Ilcr,' 
":\1 I lila II ng I!earl) Ihe '''1111.' .1\ Ihc ~C) prinl, Ihre,' II r~ (l 0.111111," hi 
l"IIIll"le. 1110 Ilerl' () 45 Ilnll", and three ,Ihnlll (l.(), IIl11l" 1 h..: .III 
ferencl" III 'I'IHllng pOller .rPI'l.'ared It, h,' ,',"hl'll'nl hUlh d.l) .!nd 

night .• 1' '"und h\ 'ble,rll (Innll1nll' ~ l. 
\ellal 'PIHIL'I I'rlnl' lendeu I" lin e) l'"nUII!' IIr the ()~e n IlC.lr 

IhclI ha'L" or "peralllll\. "IIIlL'r Ihe £rC,lll'l [I" \ng'le .IIC" 0 Ih.: 
<';anl.1 B"rh~II,1 L'l',,\I.11 alea . I'rinh ('PCI~1I111g Il1lhl' "'.Inl,' ,Illoll,nd..:d 
III c'lil11ale Ihc ,II ,1I1.lhle tonnage In '"1111.11 .. mOllnl , Illr thc) Ire 
qUl'llIl) C(ll11l1llllllc'''ICd 11<1 rJdin ,IIlJ Icnded III ,"(lpL'raIC In Ih 
,,'arlhll1g ,Ind 'l,hIlH! "rer-III('n, In Ih"lr r,"p 1.'11\" ,',II' h ,Ind I,h 
111£ .Ire." \, Il1dlC,llL'd pr,'1 1"l"I), nOl'fI(,n 11.1 nudl Junn' Ih' 
p,'nlld III Ih,' 'lin ") III ,111":1111'1 I" Ill! 11Il'IICt' Ihe mdllldll,ll 'nal 
'PI 'llL'r'" It 11111,1 ~,' ,',II m.ll It 11\ \ ,llu,' .lIld I hc m.lJllr lOlllnhuh)f', In Ihl: 
1'1"11£1,1111 h,ll I.' p.lnlelp,llL'd Ihrtlllf:hl11l1 Il' 1 () ) rJx'nod 

COlllpari"OIl of \ppar~llt \bulldann' :\ka",urill1.! 
lechnique" 

\ pl"ll ,'ml.,l'lIr' 111,1 
("I11P(l'I1\('n I 1111,,1 de 

'1111: limp r.11 

Pal'iiil' :\ 1:1 hl'rd 

"III,thl'rn \nchm ~ 



Significant Spearman ranI,. corn:latlon, I\Crl' nol loulld 101 COIll 

parison of acrial to lar\'al ano acousllcal suncy dala lor 196.l 72. 

Compari~on of aenal ano acoustical ,urvc} IIldlce, lor Ihe pCllnd 
1972-78 gave a slglllficant correlation (I () Hln I' n ()'i) ()UI 

ing this pcnod. onl) three lanai ,Unl'\' wCle lOlldul'lld, not .111 

adc4uate~ampk rorl'a1culalinga clllTclation ,\1.1l( alll'l al (I(OCl) 

calculated a correlallon coefflcienl (11 + () ~n 101 I,ll \ oil' \S ,11'11.d 
(l1Ight) survey, dunng 1462 ()() and l(1r 19Mi alld J!)C1l) ~lolL 

recentl). an '1I1ch(1l) 'pal\ fling hlOlllaS\ eslimalL' ha'l'd on egg pro 
duetion has becn developed (~[,Il Cd I l't a I. IlIK2). rh .. ' (OITelalli HI 

between the aenal (l1Ighl) aflcho\ ~ Indl' \ \\ Ith Ihl' Ile\\ hll lIll'1'S C II 

male I .. ler) 11Igh (Fig 6-1). 
The aen;}1 nighl indl'\ appc;}1"\ hI h .. , Lln'L'I) CI'IT('I,l1Ld \lllh Ihe 

acousllcal inde\ de\elnped dunng IhL' )ears '"KL' 1<)71 Lan,d 'UI 
\ e), cover;} 1,lrgel g'::llgraphll'al area th,ln Cllhel'lhe deli,d III ;ltilUS 

tical sun C) s. generall) e\tending lunhel oll,holl' I hI.' ,Ienal 

,I n e) in\ll" es onl) the neal"\hole oIre,1 \1 herc 111l' pu res '1I1e II h 
ery I perates ThIS area CI1T1lnHlfll) hoi, IMg.C lIlIlLl'lltl,llllJllS of ne.1I 

surrace schooling li,h and ,ullahle ,ea-,talL' ,"\ildilll\l1~ lor pur e 

seilllng, condllion, \\ hlch are nnt L'(IIllIlHlIl in Ih,' III hhllrl' ,Ired' 

The anchl)\) I1Ight al'n;!1 ahund,lnL'c Indc \1<1' lint \lnll u,lll) 

high dunng the fiN ~e;!1"\ (II the une), c,'mp,lred \\Ith 1.'\ I 
observed In 1471, 711 Th .. ' aen,1I ,un.:), \1 ere 1,lrtl'd aholll thL 

11T1ll' the anchll\) pnpuiulion \\ ,I' repnrtl'd h) '\hl Imlll (1l)6 ) 10 

hone reached a plateau In abllllt 14b2 rhL' .tnlho\) Idll.le Illd Ilr 

the centml subpllpu lallon declined dunng I lib) 72. IIll.rc<l d 
'lightl) 111 1975. then ueclined ,hMp) III 11)7 I hc a ndl und 

,nnar II1dlce~ ro,e I\'" or J1111re lillle Iheir lormer le\el w high I \ 

eb 111 1973 and IlI75. Ihen ueclllll'd. \1 Ilh Ihe 'll'fI,lllI1de J. 1111mb 
10 slighll) bel\l\\ pre-I q7~ Ie\ cis 

The geogmphie.ll area co\ernl h) th .. ' al'n,ll une) pro 'r:Whnn 

wined the ma llr coml11erclal r"hll1g gnlunds. High .Ihundanec 

le\ 1.'1 Indices fnll11 Ihe aenal 'p(lller d~lIa \\ l'le n(l( e"dcnt ~ r Ihl 

area. "hleh apparentl) did nlll bendll from the high 1,lJ"\.11 mde 

lelcis that ,tarleu In I Y62 anu rL'lIit.:d in pnpUIJIItli1 c IImal () 
.f 0 to 5.0)( lO'\ I (Ahbtrom IYflR) Ho\\e\l'r,.1 gnlillalll bUI 

lIne\plained change t(l high "elul Jnd .I .. 'lluslil. Indl' trend 
occurred in the fi,her) dunng I 97~· 75. pnl)r III U r.lpld dedll1l' dur­

II1g 1976-78 . in the lar\"al. 3COU'lIl31. and aenal II1dll~ 

Pacific Bonito 

Studies ha\'e been made using Ihe aeriJI da) II1dl'\ II! PilL"lrlL" 

bomto obser\'ed offsoulhern California. in cOrrelall\ln" IIh'ecrc;! 

tional part) boat CPUE. using yearl) lime-lag penod, ('\lalC;!11 el 

al. 1976) . The recreational tleet \\hilh rishe, nearshore generJlly 

catches younger fish than the commercial purse seine fIeeL The 

highest correlation between the recreational flecl CP E and the 

aerial apparent abundance inde\ for the commercial rISher) \\ a, for 

a 3-yr lag period (r= 0.69) \\hich is shown In Figure 65 We believe 

this correlation to be useful in predicting reeruitmcnt into the 

commercial fishery, based on party boat CPUE. 

SUMMARY 

The aerial index data is positively correlated with the trend of 

other measures of apparent abundance, particularly the acoustical 

survey (post-1971) for anchovy abundance. Forthe limited amount 

of comparable data available. the Pacific mackerel aerial inde\ 
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. 
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Illdex Irlild .. lor noth Ihl north.:rn ,lIlch vy, h glflI1lCl' In 1974, 

"lid I'dl'lfll hOllllo, In IlJh ,mil 1(J73, ,1I0w ,I pronolll1l.ed uown 

ward s lopl: Olll' III IWIl ye.tI h lOll: 1Jl<11or de IIIIC occurred In these 

I i,henes 

I hi, pro '1.1111 hol~ lIS'(/ III ,tv,lIlanle lalclIl' pi cIJlllTllercwl II h 
~P\IIICI \\ ho II~ t,md.wl \ ISlial IC hnlljllCs 10 n servc pcla'i 

sellnlllill' II h III r cellI }e,lrs, II ho rIlC IcctfOlIIC urv I!lancc 

S) 1,'111' Sf l cll I '«II) dt:\I 'lied tr) III ll~lJrC the eXlcnl 01 Ihe avallabl 

llL'oIl ,url,1 t: ~~h""lln' re\""rL~' III IIlghl h,lve hccn II v lupctJ 

I hes II \\ Iccllllllflll'\ II u d In clo e courulnallilll with 
cUlllinentl,tl "1k!r:IIIIlIIS and IC\ .If h lucile, could producc for Ihe 

[1111' ,1111 oJ IlIl1iC relined c tlnl,IIC (,f apr.lrent abund"n e, nOl nly 

Illr the 11~llIlIg ,lrc.1 cOl11monl) UT'c)l:d b) thc cornmer lal pol­

Icr hilI ,11\(1 fllr <Ire." 1.lIth r ofl~hore wherc re ourcc~ u(.h ,I Ihc 

pawn-

In • ~c."nn 

,\11 .tn.d) , III d.llc ha\c Invol cd onl) Ihe produl:llon of h II: 

.ll'parcnt ahund.m~1: mdl~c • dnd hd\ c not been funher adJu I d 10 

produ~ , more refill d mdc or 11m IC of hloma r hc nal 

"I'pantnl .lbUIl I.m e (Idl<l hould be funh r anJI) l.cd 10 provldc 

m nt r 'fmcd C 1111 IC of Jhunddntc f r Ih malor pcla 'I( petie 

IUd I .m; lIr nIl' m pm re 10 do IhlS 

\( K 0\\ LEI>(,;\1E:\l" 

r h' pcl1ll1 nand mtef' I of Ih mmen;I.:i1 acnal h h pol 

I '" Oh;' pcm>d of In)r I 10 erel) ... ppre~ldlcd b) Ih aUlh ( 

p'-lIkr p 101 \ho p.lrtlupalcd.n Ihe pm 'ram are mc oflhe be I 

t.llent 10 Ih~ pili Ion J hn F3 UrgOi. L Dc\ IIIIcr. Ed Dur­

den, Lcon Ilunkn. Jun fc:rren, R g r fhllhou c hank Ia ono, 

IJrd I\.h. Pa.tl lard.: Kh. Ion) ~ lann o\lch J~' IIle. 

Ro .:'" JJd. \\ halen .• md And) \\ 11m r 

ckn(m ledgm nl 'Ih:n 10 thc e<trh r re\lC" 

( qUIre ILJ7:!), I "(luld IIkc 10 kIlO" ledg Ih a I t.m e of Jim 

7\\CII I "ho g \e \aluahl Jd\ll:C relall\c 10 lall II al proc mg • 

,t'ld 10 ~lllh .. cI I..:hqx.'111 10f I:UnJudmg Ihe unal) I of trend for 

Ihc aLOU lIe,11 hiT' ,II and acnJI mulCc 
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Figure I.-Block areas from near Half Moon Bay, Calif., to Cedros Island , Baja California, Mexico, grouped in zones A to T as used in this study. 
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Figure 2.-Summary of observation effort, 1962-78, in terms of total day, night, and total overflights of block areas. 
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Figure 3.-Graphic description of positioning the center of sighting. 
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Figure 4.-Northern anchovy-location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-65. 
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Figure 7.-Northern anchovy-location of centers of sighting for school or school groups , Morro Bay to San Nicolas Island , 1974-78. 
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Figure 10.-'\orthern ancho, )-Iocat ion of centers of sighting for school or school groups, PI. Hueneme to San Diego, 1970-73. 
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Figure 64.-Comparison of the anchov) aerial index (night) and the anchov) 
spa" ning biomass. 
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