
759 

NOAA Technical Report NMFS SSRF-759 

Catch Temperatures for Some 
Important Marine Species 
off California 

James L. Squire, Jr. 

August 1982 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service 



NOAA TECHNICAL REPORTS 

National Marine Fisheries Service, Special Scientific Report- Fisheries 

The maJor respons1bil1t1es of 1he Nauonal Manne F1Shene, Service (NMFSJ are to mon,lor and asses; the abundance and geogn1ph1c d1s1nbu11on of fishery 
resources , to understand and predict nuctuation, m the quanllt) and d1stribuuon of these resources, and to establish leveh for opumum use of the resources 

NMFS is also charged with the development and 1mplementa1ion of policies for managing nauonal fohing grounds, development and enforcemenl of domeM1c 

fishenes regulauons. surveillance of foreign fishing off Unned States coastal waters, and the development and enforcement of international rishery agreement, 

and policies NMFS also assist- the fishing industry rhr'Jugh marketing service and economic analy";, program, and mongagc insurJnce and vessel construc-

1,on subsidies. h collects . analyze, . and publishes ,1a11st1cs on vanou, phases of 1he industry. 
The Special Sc1ent1fic Report- Fisheries senes wa, establ1,hed 1n 1949 . The ,enc, came, report, on \C1cn11f1c invesugauons tha1 document long-1erm 

continuing programs of NMFS. or ,nrensive scientific reports on studies of reslncted ,cope The reports may deal w11h applied fishery problems. The series is 

also used as a medium for the pubilcarion or bibliographies of a specialized scientific nature 
NOAA Technical Reports NMFS SSRF are available free in hm11ed numbers to governmental agencies, both Federal and State They are also available in 

exchange forother sc1en11fic and technical pubhcauons m the marine science, Individual cop1c, may be obtained from D822. u~er Services Branch Environ

mental Science lnformauon Center. NOAA . Rocl.,· 11le , MD 20852. Recem SSRF'> are· 

726 The Gulf of Maine temperature structure between Bar Harbor. Mame, and 
Yarmouth , Nova Scotia . June 1975- November 1976 . B} Robert J. Pawlow,k1. 

December 1978. iii + 10 p . 14 figs .. l table 

727 Expendable bathythermograph observattons trom 1he NMFS MARAD Ship 

of Opponumry Program for 1975 By Steven K . Cook . Barclay P. Collins. and 

Christine S. Can) January 1979. 1v+93 p . 2 figs . . t3'table, 54 app . figs 

728 Ven ical sections of semimonthl y mean 1emperature on the San Frani:i,i;o

Honolulu roule From expendable bathythermograph o bservations , June 
1966- December 1974 By J FT. Saur, L . E . Eber, D. R McLain , and C E Dor

man . January 1979, 111+35 p., 4 figs . , l table . 

729 References for the 1denttficat1on of manne mvenebratcs on the southern 
A!lantic coast of the United Stares B} Richard E . Dowds April 1979 , iv + 3 7 p . 

730 Surface c1rculat1on in the nonhwestem Gulf of Mexico as deduced from dnfl 
bottles. By Roben F Temple and John A. Manin . May 1979 iii + 13 p , 8 figs ., 4 

tables . 

731 Annotated bibliography and subJect index on the shortnose sturgeon. Acipen-
ser bre1·irosrrum By JamesG. Hoff. Apnl 1979. 1i1+J6 p. 

732. . Assessment of the Northwesl Atlan11c mackerel, Scomber scombrus . stoc~ . 
By Emory D. Anderson April 1979. iv+ 13 p . 9 figs ., I 5 tables. 

733 . Possible management procedures for increasing producuon of sockeye 
salmon smolts m the Naknek River system, Bnstol Bay, Alaska. By Robert J. Ellis 
and William J. McNeil April 1979 , 1ii+9 p . . 4 figs . , 11 rabies 

734. Escape of king crab, Paralirhodes camrscharica. fr9m derelicl pots. By Wil
liam L. High and Donald D. Worlund . May I 979, 1i1 + 11 p , 5 figs .. 6 tables. 

735. History of the fishery and summary s1atis1ics of the sockeye salmon, Onco
rhynchus nerka . runs to the Chignik Lakes, Alaska. 1888-1966 . By Michael L. 
Dahlberg. August l 979 , iv+ 16 p. , 15 figs., 11 tables. 

736. A historical and descriptive accounl of Pacific coast anadromous saJmonid 
rearing facilities and a summary of thelf releases by region , 1960-76 By Roy J. 
WhaleandRobertZ. Sm11h : September 1979, iv+40 p . . 15 figs. , 25 tables. 

737. Movemen1s of pelagic dolphins (Stene/la spp.) in the eastern tropical Pacific 
as indicated by results of tagging, with summary of tagging opera1ions, 1969-76. 

By W. F. Perrin, W. E. Evans. and D. 8. Holts. September I 979. iii+ 14 p., 9 figs., 8 
tables . 

738 . Environmental baselines in Longlsland Sound, 1972-73 . By R. N. Reid, A. 
B. Frame, and A. F Draxler. December J 979. iv +3 l p .. 40 figs .. 6 1ables. 

739 80110m water temperature trends m the Middle Atlanuc Bight dunng spnn 

and autumn I 964 76. By Clarence W Da\l, December l 979. 111 + l 3 p .• IO fjgs. 
9 table, 

740 Food of fifteen nonhl'est Atlantic gad1form fohes By Richard W Langtor 

and Ray E Bo" man February 1980, " + 23 p . 3 figs., 11 tables 

741 Distnbullon of gammandean Amph1poda ICrus1 .. cea1 m the Middle Atlant1, 
Bight region . B) John J. D,ckin,nn, Roland L. Wigley, Richard D Brodeur. an, 

Susan Brown Leger Ocrobcr 1980,, 1 +46 p .. 26 figs , 52 tables. 

74~ Water ,tructure a1 Ocean Weather S1a11on V. nonhwestern Pacific Ocean 
1966-7 l B, D. M Hu,by and G R Seckel Oc1ober 1980, J 8 figs .. 4 tables 

743 Averdge densit;- inde, for l'alle;e pollod , Theragra chalcogramma. in th, 

Benng Sea 8~ Loh-Lee Loi' and lkuo Ikeda. ovember 1980, iii T t Ip , 3 figs .. ' 
table, . 

744 . Tunas , oceanography and mete-1rology of the Pacific. an annotated b1bhogra 
phy. 1950-78, by Paul N Sund March 1981, iii+ 123 p 

745 Dorsal mantle length-total weight rela11onsh1ps of squids Loli go pea/ei an 
I/lex illecebrosus from the Atlantic coast of the United States. b} Anne M. T. Langi 
and Karen L. Johnson . March 1981. 11i+ 17 p .. 5 figs., 6 tables. 

746. Distribution of gammaridean Amphipoda (Crus1acea) on Georges Bank. b 
John J. DitlJ.nson and Roland L Wigley June 198 I. iii +25 p . 16 figs l 1able. 

747 Movemem. growth , and monahty of Amencan lobsters. Homarus ameri 
canus . tagged along the coast of Maine. by Ja) S Krouse. S~plember 1981. it1 +ll 
p . IO figs . 8 !ables. 

748 . Annotated bibliography of the conch genus Srrombus (Gas1ropoda, Strombi· 
dae) in the western A!lanuc Ocean, by George H Darcy. September I 98 I. iii+ 16 p 

749. Food of eight nonhwest Atlantic pleuronectiform fishes, b; Richard 
Langton and Ra) E. Bowman September 1981, i1i+l6 p., l fig .. 8 tables. 

750. World literature 10 fish hybnds with an analysis by family, species, an 
hybrid: Supplement 1, by Frank J. Schwanz. November 1981, iii +507 p. 

751. The barge Ocean 250 gasoline spill, by Carolyn A. Griswold (editor) 
November 1981, iv+J0p .. 28 figs .. 17 tables. 

752. Movements of ragged summer flounder. Paralichrhys denrarus, off souther 
New England, by F. E. Lux and F. E. Nichy. December 198 I. iii+ 16 p., 13 figs., 
tables. 

753. Factors innuencing ocean catches of salmon, Oncorhynchus pp .. off Wash· 
ington and Vancouver Island, by R A. Low, Jr. and S. B. Mathews. January 1982 
iv+ 12 p., 6 figs .. 7 tables. 



~of,.TMOSPf.tt:. 
~e,I" '9tc, 

,%.~ -?o 
u I • • ~ 

MENTOf 

~ 
~ 
0 

NOAA Technical Report NMFS SSRF-759 

Catch Temperatures for Some 
Important Marine Species 
off California 

James L. Squire, Jr. 

August 1982 

U.S. DEPARTMENT OF COMMERCE 
Malcolm Baldridge.Secretary 

National Oceanic and Atmospheric Administration 

John V. Byrne, Administrator 

National Marine Fisheries Service 
William G. Gordon, Assistant Administrator for Fisheries 



The National Marine Fisheries Service (NMFS) does not approve, rec
ommend or endorse any proprietary product or proprietary material 
mentioned in this publication. No reference shall be made to NMFS, or 
to this publication furnished by NMFS, in any advertising or sales pro
motion which would indicate or imply that NMFS approves, recommends 
or endorses any proprietary product or proprietary material mentioned 
herein, or which has as its purpose an intent to cause directly or indirectly 
the advertised product to be used or purchased because of this NMFS 
publication. 



CO ITE iT 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 
Part I-Catch and temperature ob erved for everal recreational and commercial pecie ff central 

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Central California (Monterey Bay, San Franci co, and Bodega Bay) . . . . . . . . . . . . . ... 
Southern California (Point Conception to Coronado Islands. Mexico) ........... . 

Yellowtail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ . 
Pacific bonito . . ... .... . ... ..... ............................. . 
Pacific barracuda ....................................... ........... . 
White seabass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. 
Albacore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... , . . ..•.... 

Part Il-Sea surface temperature and its relation to the catch of the pelagic migratory specie:. ol yellowta1l, p 
Pacific barracuda off San Diego . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 

Results . . .... ..... .... ...... .. .... .. ...................................... . 
Catch temperature variation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 

Analysis and conclusions-parts I and IL ............... ............................ . 
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Literature cited ...... ... ...... ... .................................•... 

Figures 

1. Airborne infrared sea surface temperature survey tracks ....... , . . . . . . . . . . . . . . 
2. Distribution of salmon catch off northern California (Monterey Bay to Bodega Ba)) . . . . . . .. 
3. Catch and temperature data by block area for salmon caught off northern California ....... . 
4 . Distribution of catch by temperature for salmon . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 
5. Distribution of yellowtail catch off southern California and northern Mexico b) month ... . 
6. Catch and temperature data by block area for yellowtail caught off southern Cahforma . . . . ... 
7. Distribution of catch by temperature for yellowtail . . . . . . . . . . . . . . . . . . . . . . . . . . 
8. Distribution of Pacific bonito catch off outhern California and northern Mex.JCo by month . . ... 
9. Catch and temperature data by block area for Pacific bornto caught off southern California . . . 

10. Distribution of catch by temperature for Pacific bonito . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
11. Distribution of Pacific barracuda catch off southern California and northern Mexico b) month .. 
12 . Catch and temperature data by block area for Pacific barracuda caught off outhern California ... . 
13. Distribution of catch by temperature for Pacific barracuda . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
14. Distribution of white seabass catch off outhern Califorrua and northern Mexico b) m nth 
15 . Catch and temperature data by block area for white seabas caught off southern Cal1tornia 
16. Distribution of catch by temperature for white seabass . . . . . . . . . . . . . . . . . . 
17. Distribution of albacore catch off southern California and northern Mexico b) month 
18. Catch and temperature data by block area for albacore caught off outhem Cahfi rrua 
19. Distribution of catch by temperature for albacore ........... . 
20 . Survey flight track pattern flown during the 3-yr tud) of sea utface temperature 
21. Plots of CPUE and temperature by weekly period for yellowtail ..... . 
22 . Plots of CPUE and temperature by weekly period for Pacific barra uda . . . .. 
23. Plots of CPUE and temperature by weekly periods for Pacific boruto .. 

Tabl 

1. Breakdown of percent catch to temperature ob en.eel from Kolm goro\ • numo graph 
2. Mean temperatures forlarge cat he . . . . . . . . . . . . . . . . . ... 
3. Nonparametric correlation for ea urfa e temperature and catch of all pc 1e 

Ill 



Catch Temperatures for Some Important 
Marine Species off California 

JAMES L. SQUIRE, JR. I 

ABSTRACT 

Airborne sea surface temperature surveys using infra red techniques were conducted monthly off the central and 
southern Californ ia coas_r- 1963 through 1968, by the National Marine Fi heries Service in cooperation with the U.S. 
Coast G~ard . The re ulung temperature data were matched to commercial sporrfishing boat catch data to determine 
the relat1onsh1p between catch and temperature fo r the following maJor sport species: chinook and ilver salmon, 
Oncorhynchus tshawyrscha and 0. kisw ch ; yellowtail , Serio/a dorsalis ; Pacific bonito, Sarda chiliens,s; Pacific bar
racuda , Sphyraena argenrea; white seaba s, Arracroscion nobilis; and albacore, Thunnus alalunga. 

Parr I presents graphs fo r each of the above species for area havi ng high catches. the month during which most 
fi sh were caught , sea urface temperature at which most fish were caught, mean catch temperature and its standard 
deviation , and temperature range. 

_ Parr II describes how catch and catch-per-un it-effo rt (CPUE) are related to temperature. A senes of weekly 
airborne temperature surveys were flown over a high catch rate area off San Diego, Calif.. April through October. m 
1972, 1973, and 1974. These temperature data were compared with catches of yellowtail, Pacific barracuda and 
Pacific bonito by the sporrfishing fl eet within the survey area . Graphical Kolmogorov-Smirnov cumulative p;efer
ence curves of catch versus temperature for yellowtail. Pacific barracuda, and Pacific bonito show increased catch 
rates through the midrange temperatures 17.8° to 20.0°C (64° to 68°F) with a reduction in rates above 20.5°c 
(69 °F). 

For a 3 1-wk period tarring on I April 1972 , 1973 , and 1974, the temperature at the 20th percentile of the catch 
temperature curve wa slightly above the 20th percentile of the cumulative temperature curve, indicating that fewer 
fish were taken at the very lowest temperatures; otherwise, catch for the three pecies appears representauve of the 
temperature distribut ion. The average yearly temperature for large catches of Pacific barracuda, yellowtail. and 
Pacifi c bonito (30 % or more above mean) fluctuated from 16.2°C (6 I.2 °F) 10 23.0°C (73.5°F), with a mean val ue of 
19 .5°C (67. 1 °F) for Paci fic barracuda, 18.5°C (65.4°F) for yellowtail. and 19 .6°C (67.4°F) for Pacific bonito. 
Nonparametric rank correlation tests (Spearman and Kendall) for catch and CPUE versus temperature showed consis
tently higher co rrelations fo r catch than fo r CPUE , indicating an increase m effort with increasing catch. In analyses 
of temperature and CPUE by species and year for 12-. 17-. and 31-wk penods, about one-half of the individual case 
tested were, on the average, tatis ticaJJy significant at the .05 level 

Temperature distributions with in 20th percentile ranges of the cumulative CPUE curves obtained for the three 
spec ies combined ind icate that the lowest temperature range , 12. 7° to 15.5°C (55° to 60°F), i the only area where 
catch rates were lower than expected. 

There is little ev idence fo r a preferred temperature within the range of 15 .5° to 21 . J °C (60° to 70°F Conclu
sions fro m this study indicate that fis hery data are by no means optimal for exammmg the hypothesis of preferred 
temperature, due to confoundi ng of cause and effect between catch and effort. Lack of simultaneous observation of 
the spatial distribution of species and environmentaJ measurements over the extent of distribution over ume are ltm1t
ing factors in determining the true relationship of species to the environmental factor of sea surface temperature 

INTRODUCTION 

Normal and anomalous changes in the ocean environment , as mea
sured by sea surface temperature (hereafter referred to as "tempera
ture"), produce a variety of effects upon the apparent abundance and 
g~ographical distribution of coastal and oceanic pelagic marine spe
cies. The coastal marine environment consists of biological, chemi
cal, and physical factors which may independentl y, o r in 
combination, influence the abundance and distribution of fishery 
resources. Although temperature is a commonly observed environ
mental variable, only limited statistical information is available com
paring the catch of fish in waters of different temperature. A recent 
comparative temperature study in the northeast Pacific was prepared 
by Radovich (1975) . 

Development of management programs for coastal pelagic fish
eries requires knowledge of the distribution of pelagic species, with 
regard to natural fluctuations in the physical marine environment. It 
may be possible to use environmental information to improve esti-

1Southwest Fisheries Center La Jolla Laboratory, National Marine Fisheries 
Service. NOAA, P.O. Box 271 , La Jolla, CA 92038 . 

mates of population size and distribution, and to evaluate the effect of 
environmental changes on catch. Howevei; in order to apply fully 
effect.Ive resource management, we must learn more about how 
coastal species respond to changes in their environment. 

Temperature is one physical variable which is relatively easy to 
mea ure. The ocean's surface layer temperature reflects the exchange 
of thermal energy from solai; atmospheric, and subsurface ource 
The relationship between temperature and the distribution and migra
tion of marine and anadromous fishes has long interested researchers 
Along the west coast of the United States and Canada during years of 
unusually warm surface water, pelagic species common to the lower 
latitudes in the northeast Pacific have been recorded far north of therr 
normal range, and, in some cases, change in coastal migratory pat
terns have been recorded (Hubb and Schultz 1929; Walford 1931; 
Radovich I 961; Royal and Tully 1961). Since a relationship eXJ ts 

between anomalous temperature and the occurrence of pelagic pe
cies, temperature may provide a means of predicting, within easonal 
and statistical limits, the occurrence or di tribution of coastal marine 
and anadromou species. The objective ofth1 study was to define the 
relationship between catch (as a measure of apparent abundance), 
and temperature, for selected specie m different geographical and 

environmental areas. 



Part I of this paper uses data from monthly airborne infrared tem
perature surveys off central and southern California conducted dur
ing the 5-yr period 1963-68, and catch data from sportfishing boats as 
collected by the California Deparonent of Fish and Game (CF & G), 
to determine the temperature at which several important species were 
caught by the recreational fishery fleet. 

Part II describes the results of a more detailed airborne temperature 
study which took place at an important recreational fishing area off 
San Diego from April through October in 1972-74. This second 
series of airborne surveys used increased survey intensity (weekly 
vs. monthly) over a high catch rate area for the sportfishing fleet, in 
order to determine the correlation of catch-per-unit-effort (CPUE) to 
temperature and the statistical significance of differences in 
temperature-<lependent catch rates. The stati tical analysis of the data 
collected off San Diego is presented in the analysi and conclusions 
s;:ction of Part II. Data presented in Part II apply to the general 
temperature-catch relationships in Part I. 

PART I-CATCH AND TE1\.1PERATURE OBSERVED 
FOR SEVERAL RECREATIONAL AND 

COMMERCIAL SPECIES OFF CENTRAL AND 
SOUTHERN CALIFORNIA 

In August 1963, the National Marine Fisheries Service (then the 
U.S. Fish and Wildlife Service, Tiburon Marine Laboratory, 
Tiburon, Calif.) initiated a program m cooperation with the U.S. 
Coast Guard to conduct monthly airborne temperature survey:; u ing 
infrared techniques to measure temperature over three important 
coastal fishing areas off the west coast. These airborne temperature 
surveys were continued by the U.S. Coast Guard into 1979. Results 
of the first 5 yr of surveys (1963-68) , in the fonn of individual survey 
and monthly average temperature charts for the three areas, were 
published by Squire (1971). Although those airborne infrared tern-

I 
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perature surveys are useful tp many fields of environmental research, 
lhey were primarily intended to develop temperature data which 
could be analyzed with catch data to provide insight into catch tem
perature relationships for some of the more important coastal pecies. 

The central urvey area off the California coast from Point Arena 
to Point Sur and offshore about 50 nmi (Fig. la), and the urvey area 
off southern California (Fig. I b), supplied the temperature data for 
this papet The southern area extended to about 110 nmi offshore at 
its widest point, and from off the coast of Point Arguello, Calif., to 

Point Sal ipuedes, Baja California, Mexico. Data from the northern 
survey area, which covered the co~tal waters from Cape Flattery, 
Wa h. , to Cape Lookout , Oreg . . for about 50 orni off: hore, were not 
included . From lhe publi hed monthly urvey data, lhe temperature 
wa obtained for each CF & G block area (IO' long.nude x JO' lati
tude geograplucal area) by month, and these data were used in the 
calculauons for Part I. 

Monlhly catch data recorded by the commercial portfishmg fleet 
for the period Augu l I 963 through July 1968 were obtaJJled through 
the cooperation of the CF & G, Manne Resources Laboratory, Long 
Beach, Calif Fi he selected for study included two species of 
salmon (chinook, Oncorh)nclws tshawylscha, and ilver salmon, 
Oncorhynchus kiswch), which enter the catch off the San Francisco, 
Bodega Bay, and Monterey Bay area . Data on these pecies were 
combined in the CF & G portfi bing boat catch records. Off south
ern California and northwestern Mexico, catch data were obtained 
for ye11owtail , Serio/a (U)r a/is; Pa ific bonito, Sarda chilien.sis; 
Pacific barracuda, Sphyraena argentea; albacore, Thunnus a/a
/unga; and white seabas , AJrac10scion nobilis. All of the latter group 
are irnponant to the marine pon and/or commercial fishing industry 
of the Uruted States. and some are important to Mexico. Albacore is 
taken in ubstantial quantities by the southern California sportfishing 
fleet , but most of the catch is taken outside the boundaries of the area 

Figure 1.-Airborne infrared sea surface 
temperature survey tracks: left, central 
survey area; right, southern survey area. 



surveyed. Only catch temperature data for albacore catches within 
the survey area are given. 

Each sportfishing boat operating for hire from California is 
required by CF & G to maintain a daily fishing log of the catch by 
species, location of catch (block area number), and number of fisher
men on board. Catch records do not indicate species targeted by 
anglers, or the fishing technique used. A species-preference order is 
known to exist with the coastal recreational fishermen ; in the north, 
salmon is a highly desirable species, and off southern California, 
albacore, yellowtail, Pacific barracuda, and white seabass are high 
on the preference list. In addition, species-specific lures and/or live 
bait are fished near the surface, in midwater, or close to the bottom. 
The lack of detailed catch data prevents the allotment of "effort" to 
the catch of any one species. However, the catch and numbers of 
anglers participating may be related , particularly for those species 
that are of high priority to the marine angler. Reports of better-than
average fishing, whether true or not, usually result in increased fish
ing effort; therefore the catch may or may not be a reflection of 
increased availability in localized fishing areas. The relationship of 
catch to number of anglers for data collected in 1972 through 197 4 is 

discussed in Part II. 
Basic environmental data for the analysis involved monthly tem

perature measurements derived from isotherm charts drawn from air
borne infrared temperature data for the period August 1963 through 
July 1968. The surveyed region included 40 block areas off central 
California having a reported catch of salmon (2,460 temperature 
observations) , and 130 block areas off southern California in which 
catches of either yellowtail, Pacific bonito, Pacific barracuda, alba
core, or white seabass were reported (7 ,800 temperature observa
tions). Temperature data developed from continuous analog 
measurements in degrees Fahrenheit are given as Celsius and Fahren
heit. 

Monthly catch locations for the 5-yr period were obtained from the 
CF&G sportfishing boat log records for catches of347,867 salmon, 
161 ,375 yellowtail, 4 ,047,292 Pacific bonito, 2 ,439,512 Pacific bar
racuda, 129,535 albacore, and 42 ,328 white seabass. 

Results 

Data on catch by species for each month from August 1963 
through July 1968, and monthly temperature data for the 5-yr survey 
period, were processed by the Northwest Fisheries Center, Seattle, 
Wash. A computerized data analysis determined the following : the 

h X
-_E(jl x l+fl. x 2+ ... ).th dard 

mean catc temperature, - ..., (fl fl ) , e stan ,., + + ... 
deviation about the catch temperature mean (a); and the array of 
catch by temperature as well as the number of fish in each sample for 
each species by total area, and by individual block area, month , and 
year Temperature ranges, means, and standard deviations were cal
culated for the same geographical areas_ and time groups as the spe
cies data. 

Data are presented for salmon off central California, and for yel
loWtail, Pacific bonito, Pacific barracuda, white seabass, and alba
core off southern California (Fig. 2-19c) . These illustrate catch, 
catch temperature, and temperature range on a regional geographical 
basis (central California and southern California) . 

Central California (Monterey Bay, San Francisco, and 
Bodega Bay) 

The ocean temperature of the major fishing area for salmon (from 
Monterey Bay to off Bodega Bay) ranged from 9.4 ° to 16. 7°C (49.0° 

3 

to 62.0°F) . Waters in this area are coolest during January through 
May or June, with the lowest temperature recorded in April . Temper
atures increase slightly from June through September when the peak 
average temperature occurs, then drop again after Septembet 

Major peaks in the salmon catch for the fishing area off San Fran
cisco occur in March and July (Fig. 2). To the north of Bodega Bay, 
the peak catch is in July, and south of Monterey two catch peaks 
occur, one in May and one in July. Chinook are the salmon m0st often 
caught, because as the Sacramento River system holds spawning chi
nook salmon during most of the year and these pass through the major 
ocean fishing areas off central California. However, the fall run of 
chinook salmon is the largest, and fish congregate off the San Fran
cisco Bay area for the spawning migration. 
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Figure 2.-Distribution of salmon catch off northern California (Monterey 
Bay to Bodega Bay) by month, August 1963-July 1968, for total catch, catch 
temperature, and sea surface temperature range and means, and the standard 
deviation about the means. 

The catch temperature mean for all salmon catches off San Fran
cisco for the 5-yr period is greater than the sea surface temperature 
mean, except for November (Fig. 2). The monthly catch temperature 
mean is equal to or greater than the temperature mean from January 
through October, which indicates that more salmon were caught 
when the temperature was greater than its monthly mean. The catch 
temperature mean was below the temperature mean during Novem
ber; however, this was a period of near zero salmon catch. Figure 3 
indicates those blocks having a recorded catch of 1,000 salmon or 
more during the survey period, the month having the greatest catch, 
the temperature at which most salmon were caught, the mean catch 
temperature, and the number of salmon in the sample. 

The major fishing area off San Francisco early in the year is in the 
vicinity of Point Reyes, south of Drakes Bay and Duxbury Reef 
(March/blocks 447,448, and 449). The major fishing area moves to 
near the Farrallone Islands and the San Francisco Light Buoy during 
the summer (June-July/blocks 456, 457, 458). In late summer the 
fishing area moves closer to the Golden Gate (August-September' 
blocks 446, 455). Mean catch temperature ranged from 11.2° to 

13.6°C (52.2°-56.5°F). 
The review of the three leading block areas (448. 446, 457) in 

catch is given in Figure 4a, b, c, showing for each block area the dis
tribution of catch by temperature and by month for catch, tempera
ture at which most salmon were taken, the monthly mean catch 
temperature, and standard deviation of the mean catch temperature . 
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Southern California (Point Conception to Coronado 
Islands, Mexico) 

During the surveys, temperatures off southern California ranged 
from 9.4° to 23 .3°C (49.0°-74.0°F). The coldest temperatures 
were in areas near Point Conception and the Santa Barbara Channel 
Islands, and the warmest temperatures occurred offshore southwest 
of Dana Point. Mean temperatures ranged from 12.0°C (55 .1 °F) off 
the Point Conception-Santa Barbara Channel Islands area, to 20.8 °C 
( 69. 5 °F) off Dana Point. 

Yellowtail.-The yellowtail is a pelagic coastal migratory species 
and commonly ranges from the southern tip of Baja California , Mex
ico, to near Point Conception, Calif. It is one of the most important 
sport fishes in southern California and an important commercial spe
cies in Mexico. The major sportfishing areas for yellowtail at the 
northern portion of their range are the Coronado Islands, Mexico, the 
kelp bed off Point Loma and La Jolla, Calif. , and Catalina Island . 
These fish are caught off southern California in quantity only during 
the summer migration north from off the Baja California coast. The 
distribution of yellowtail catch and temperature off southern Califor
nia (Fig . 5) show that the catch temperature mean is higher than the 
sea surface temperature mean in all months except Septembei; Octo
ber, and November. These results indicate that greater catches are 
made in months when temperature is above the mean . 

75,-i---'-----,Mc----.-• --',M---i'---i--'i----ii-----,-0 --;--.:;..o __,,,.e.s,;E~!"'~AR"'-,E 

10 
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Figure S.-Distribution of yellowtail catch off southern California and north
ern Mexico by month , August 1963-July 1968, for total catch , catch tempera
ture, and sea surface temperature range and means, and the standard 
deviations about the means. 

Figure 6a and b give the following information by block area for 
those areas having a catch of 1,000 or more yellowtail during the sur
vey period : the month of the greatest total catch ; temperature at 
which most yellowtail were caught; the mean catch temperature; and 
the number of yellowtail in the sample. The yellowtail 's seasonal 
migration northward can be detected by examining the dominant 
catch by block area by month . Near the Coronado Islands (block 
916) , the first catch peak is recorded in June (block 860). The catch 
peak is also in June off Point Loma and La Jolla ; however, yellowtail 
is taken for a long period during the summer months in this nearshore 
area. For block areas 761 and 762 north of Catalina Island , the peak 
catches are in June and July. Fishing along the coast near the greater 
Los Angeles area (block 720) peaks in October, as it does along the 
coast we t of Los Angeles and off Santa Barl:>ara. There is evidence 
of a late summer southward migration, as a second catch peak occurs 
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Figure 6.-Catch and temperature data by block area for yellowtail caught off 
southern California. 

off the Coronado Islands in September. The shift of the catch temper
ature mean to less than the sea surface temperature mean indicates 
greater catches during the late summer months, when temperatures 

are slightly lower than the mean. 
Graphs of the temperatures and catche of yellowta.1I m the three 

leading block areas (916, 860, 761) are provided in Figure 7a, b. c. 
These graphics show the distribution of catch b} temperarure and b) 
month for catch, temperature at which mo t yello\\."tail \\ere taken, 
monthly mean catch temperature, and standard de\ iation of the mean 

catch temperature. 

Pacific bonito.-Bonito is a specie that 1s known to rrugrate con 
siderable distances along the coasts of Baja Cal1forrua, • 1exico, and 
into southern and central Califorrua. Like the ) ellowtail. these fi h 



.<: 

"' ;;:: 

0 
0 
C 

J: 
u 
f
<C 
u 

u 
!., 

'-" a: 
::::i 

~ 
a: 
w 
CL 
::. 
w 
f-

_,:; ., 
;;: -0 

0 
C 

:r:: 

5 

w 
a: 
::::i 

~ a: 
w 
CL 
::. 
w 
f-

0 

YELLOWTAIL 
BLOCK NUMBER 916 

DISTRIBUTION Of CATCH 
BY TE MPERATURE 

200 

TEMPERATURE AT 
WHICH MOST FISH 
WERE CAUGHT 

l - . 
- " 

238 
40,000 

32,000 

24.000 

16,000 

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV 

ti t 
+ I ti l I 

+t +• + +/ •m•-- ,-j ....... 
' 

CATC,-t sn TE"PERATIAIE 

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

7 2 ('Cl 

YELLOWTAIL 
BLOCK NUMBER 860 

10.0 150 

.,.,,,._-, 
.,. ' , ' 

CATCH /MONTH I 
I 

I 
I 
I 

I 
I 

I 
I 

) 
✓ 

✓ _....,, 
FEB MAR APfl MAY JUN JUL 

+t 

200 238 
4,000 

1,600 

BOO 

0 
AUG SEP OCT NOV OEC 

H 

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

:c: 
E 
0 
ci ..s 
:r 

~ 
u 

~ 

0 
0 
C 

I 
u ..... 
<C 
u 

Figure 7 .-Distribution of catch by temperature and by month for catch, tem
perature at which most yellowtail were taken, mean catch temperature and its 
standard deviation , and sea surface temperature range and means for the three 
major block areas having yellowtail catches. Top left, block 916; bottom left , 
block 860; top right , block 761. 

6 

2 
!!! 

0 
0 
C 

I 
u 
~ 
u 300 

u 
!., 

w 
a: 
::, 
I-
ct 
a: 
w 
0. 
::. 
w 
I-

OISTA19UTlON 
OF CATCH 

8Y TtMPERATUAt: 

100 

,' I 
, I 

, I 
CATCH/ MONTH ( • 

I 
I 

£8 

t I 

Fffl \IAR APR lolA 

YELLOWTA IL 
BLOC~ NIJMIIEII 761 

:,e 
• IXJO 

,200 

TEMPEAAT\JM 
AT ""HIC>O "'OST 

FISH .,ER CAUGifT 
1,(>IX) 

800 

2 .. 
0 
0 .s 
l: 
u .. 
"' u 

h 11. a IJrgc m, rca • in their n ,nhcrn lat1tud111.:tl distnbuu n dunng 
..cason, "hen an malou " rm-11,,atcr conJ1ll( n, e. 1~1 in the north
ca,t P LtlK(RaJo\11.:h 19 I) Fnrullbl karea 111,outhemCahfor· 
ma ,1 hen: bonito are t:aught, the mean monthl) c-,11ch temperarure · 
h1ghcr than the ea ,urtacc tcmpcrJture mean, e ept for Februar}, 
O.:t, ber, and • \,,ember (Fig I ugu,1 t the peak c-utch penod, 

,, q It II ll •t 
I t 

0 •• 

"' 
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northern l\lexko b) month , August 1963-JulJ 1968, for total catch, catch tem· 
perature and ea urface temperature range and means, and the standard de,i· 
ation about the means. 

and block 860 located off Point Loma/La Jolla in cbe San Diego area 
has the largest recorded annual cacch. Figure 9a and b give the fol
lowing infonnation for block area having a catch of20,000 bonito or 
more during the survey period : the month having the greatest total 
catch , temperature at which mo t bonito were caught, the mean catch 
temperature, and the number of bonito in the sample. 
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Figure 9.-Catcb and temperature data by block area for Pacific bonjto caught 
off southern California. 

Graphs of the temperatures and catches of bonito in the three lead
ing block areas (860 , 720, 756) appear in Figure IOa, b , c for distri
bution of catch by temperature and by month for catch , temperature 
at which most bonito were taken , the monthly mean catch tempera
ture, and standard deviation of the mean catch temperature. 

Pacific barracuda.-Barracuda are caught mainly off Point La 
Jolla (block 860) , near the city of San Clemente (block 756), and off 
Huntington Beach (block 718). Catch peaks occur off La Jolla during 
August and in Huntington Beach in September, with a few barracuda 

7 

taken off S~ta Barbara and the Channel I lands from August to 
October. In Figure 11, the catch temperature mean i lugher than the 
sea surface temperature mean in all months except January and Feb
ruary; the means are about equal in tho e months. 

Figure 12a and b show, for block areas having a catch of 5,000 bar
racuda or more during the survey period: the month havtng the 
greatest total catch, temperature at which mo t barracuda were 
caught, the mean catch temperature, and the number of barracuda in 
the sample. 

The catch and temperature data for the three leadmg block areas 
(860, 756, 718) are given in Figure 13a, b, c for distribution of catch 
by temperature and by month for catch, temperature at which mo t 
barracuda were caught. mean catch temperature, and standard devia
tion of the mean catch temperature. 

White seabass.-All six major block area for white seabass 
catches are along the coast from Point Loma to Dana Point, with the 
greatest numbers of white seabass recorded near Oceanside, Calif. 
(block 80 l). August is the peak catch period for the three major block 
areas, which are located off the coast from near Oceanside to Dana 
Point. There is still much to learn about the migratory habits of the 
white seaba s, whether inshore, offshore, or alongshore The catch 
temperature mean is higher than the sea surface temperature mean 
(Fig. 14) in all months except March. April, and November. 

Figure 15a shows block areas having a catch of 500 or more white 
seabass during the survey period, and Figure 15b shows block area 
with catches greater than 100 fish: both show the month having the 
greate t total catch, temperature at which most wh.tte seabass were 
caught, mean catch temperature, and the number of white seabass in 
the sample. 

Graphs of temperatures and catches for the three leading block 
areas (801, 756, 822) are given in Figure 16a, b. c for distnbution of 
catch by temperature and by month for catch, temperature at which 
most white eabass were caught, mean catch temperature. and tand

ard deviation of the mean catch temperature 

Albacore.-One of the most de irable species caught off southern 
California 1s albacore tuna. These fish are commercially important, 
and support an intensive sportfishery when they appear in fishable 
concentrations off southern California. The environmental data on 
which the albacore catch temperatures are based were collected over 
only the inshore portion of the albacore catch area off southern Cali
fornia and are valid only for the areas covered by the survey and for 

the sportfishery which provided the catch data . 
Figure 17 shows that the peak catch is made during the months of 

July and August, with minor catches in October and November. A 
comparison of the catch temperature and temperature means hown 
in the figure indicates that the catch temperature mean 1s higher than 
the sea surface temperature mean in June, but fall below the temper
ature mean during the peak catch period of August and September. 
These comparisons indicate that peak cati:hes in the survey area were 
made in months when temperatures were below the mean. 

Block 882 west of San Diego includes the 43 Fathom Bank and is 
the leading catch area within the area covered b) this study. Figure 
18a and b give catch and temperature data by block areas having a 
catch of 1,000 or more albacore. the month having the large t total 
catch. temperature at which mo t fi h were caught, the mean catch 

temperature, and the number of albacore m the sample 
Catch and environmental data are given for the three leading block 

areas (882,916 866) in Figure 19a. b, c. for di tnbution of catch b 
temperature and by month for catch. temperature at \\ hich most alba
core were caught, mean catch temperature. and standard deviaoon of 

the mean catch temperature. 
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Figure 12.-Catch and temperature data by block area for Pacific barracuda 
caught off southern California. 

PART II-SEA SURFACE TEMPERATURE AND ITS 
RELATION TO THE CATCH OF THE PELAGIC 

MIGRATORY SPECIES OF YELLOWTAIL, 
PACIFIC BONITO, AND PACIFIC BARRACUDA 

OFF SAN DIEGO 

The airl:>orne temperature surveys described in Part I were con
ducted monthly over a large geographical area. The urvey track 
Jines were not specifically de igned to cross the geographical centers 
of sportfishing. Sportfishing effort i concentrated in localized areas 
along the southern California coast and around the offshore islands 

0 

(Squire and Smith 1977). Two of the important marine sportfishing 
areas in outhern California are located off San Diego. The Coronado 
Islands, located southwest of San Diego in Mexico, are in block area 
916, a high catch area for yellowtail by the sportfishing fleet. The 
second high catch area for yellowtail is block area 860 off Point La 
Jolla. Block area 860 is also the leading catch area for the Pacific bar
racuda and Pacific bonito, while block area 916 is the third-ranking 
catch area for Pacific bonito. 

In order to examine the relation of temperature changes to catch, a 
series of weekly airl:>orne surveys, using an infrared radiometer to 
measure the surface temperature, were conducted over a 3-yr period, 
April through October 1972-74. The survey track lines (Fig. 20) 
were plotted to pass over the sportfishing area directly off Point La 
Jolla, and the heavily fished kelp bed ateas off Pacific Beach and 
Point Lorna. The flight track also passed over the kelp bed located 
nearshore just south of the United States-Mexico border. The e 
coastal kelp beds are important fishing areas for sportfishing. The 
survey track also passed near the north end of the North Coronado 
Islands, an intensively fished area, and over the kelp bed area south 
of the south Coronado Island (South Kelp). Track lines were flown 
out to 15 nmi offshore to obtain sufficient data to allow the drawing 
of isotherm charts. The charts depicted the temperature patterns 
observed within the coastal area off Torrey Pines State Beach Park, to 
about 8 nmi below the United States-Mexico border; and to about 15 
nmi offshore. Temperatures were calibrated to a "ground truth" mea
surement, obtained by a simultaneous sea surface temperature mea
surement made while passing directly over the U.S. Navy Undersea 
Center (NUC) Oceanographic Tower located about 1.5 nmi offshore 
from Mission Beach. The results of temperature observation made 
during the 90 surveys over the 320 nmi survey track conducted dur
ing the 3-yr period, and a review of isotherm patterns observed, were 
published by Squire (1978) . 

Results 

The average temperatures by month obtained over the Naval 
Oceanographic Tower (NUC) during the 1972-74 senes of surveys 
were irnilar to those observed in the same monthly time penod dur
ing the U.S. Coast Guard surveys in 1963-68 (Part n. The NUC 
tower was used as a "ground truth" calibration point during both sur
veys. Data pertaining to catch in numbers of fish, in numbers of fish 
per day, and effort in numbers of anglers per day, were obtained 
through the cooperation of the CF&G for the 31 wk from April 
through October 1972-74. 

The following is a general description of the temperature patterns 
from the areas where the fish catch and angler effort data for this 
study were taken. 

The area to the north and northwest of P01.nt La Jolla (blocks 842, 
843) usually has temperatures that are greater than tho e found in 
other locations in the urvey area. An area of upwelling with gener
ally lower temperatures than those observed to the northwe t occurs 
from off Point La Jolla to Pacific Beach, continuing offshore to the 
southwest (blocks 860, 861). This coastal upwelling area i al o indi
cated by a temperature decline west of the NUC tower (block 860). 
The kelp bed area west of Point Lorna (block 860) appear.; to be 
lightly warmer than the area to the north off Pacific Beach. South of 

Point Lorna and about the San Diego harl:>or entrance channel (block 
878). a significant drop in temperature is u ually ob erved. Tempera
ture outh of Point Loma peninsula tend to remain lower than tho e 
found to the we t, and remain lo~ to the · outheast of Point Loma and 
off the Coronado Strand. increasmg slightly inshore off Imperial 
Beach. 
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Figure 15.-Catch and temperature data by block area for white seabass 
caught off southern California . 

Along the coa t south of the United States-Mexico border, the 
northern boundary of an extensive coastal upwelling zone i fre
quently observed. The upwelling increase along the hore to the 
south and often extends further offshore_ Temperatures warmer than 
those found near the coast of Mexico occur offi hore about the Cor
onado Islands (block 916): these temperature are more C)pical of 
tho e found nearshore off Point La Jolla in the northern portion of the 
surve area . 

The 3-yr urve period off San Diego howed that 1973 was ooler 
than 1972, wh.i h wa a year with above-n rmaJ warming along the 
west oast of orth and South America ("El 100" year). The a,er-

11 

age temperature 10 1974 were warmer than tho m 197 3. but not 
warm as those in 1972. In 1974. h wevet an anomaJous h n-term 
warming penod occurred m earl} July ff uthern Cali~ rnta. and 
the h.ighe t temperature for the 3-yr penod "ere recorded at lh:it 
time . 

Specie ofyellowtail, Pacific barracuda, and Pacific boruto "ere 
elected for study. mce tatew1de maximum catches of the e three 
pecie were recorded m 1963..'.68 surve) s from bloc ~ "1thm 

the study area . These blocks gave the greate t catch sample. and rt a 
relation between catch and temperature exist. 1t may be evident in the 
data for these block areas. 

The temperature obtained dunng the urve s, atch in number., ot 
fish , and theCPUEare given by weeks m 1972-74 for pec1esot }el
lowtail (block 916). Pacific bonrto (bl k ). and Pac1fi barra
cuda (block 860) in Figure 21. 22, 23 a. b, c 

Catch Temperature Variation 

There is considerable variation in catch temperature relative to the 
geographical location of the temperature measurements The 
1963-68 ob ervations of yellowtail are one example. m the leading 
block area near the Coronado I lands (block 916). the mean catch 
temperature was 17 .5°C (63.6°F). while 20 mi away off the Pornt La 
Jolla-Pacific Beach area (block 860) it wa 17.9 C (64.2°F). Far
thernorth about Catalina Island (block 761 ). it wa 17.4 °C (63.4 °F), 
similar to that of the Coronado I land . However, 30 mi n rth of 
Catalina I land along the mainland coast off Point incentc (bl1 k 
720), the mean catch temperature roe to 19.0°C (66.2°FJ. 

Although catch temperature data are limited for the spon catch of 
albacore off southern California, catch temperatures west of an 
Diego averaged 18.3°C (65°F) to 18.9°C (66°F) Airborne temper
ature urvey off central California bserved that commen:ial alba
core fi hing operations were in waters of 16. I °C (6 l.0°FJ 10 I 7.2°C 
(63 .0°F) (Squire 1969). 

By u ing the block area contaimng maJor catch as ··J..cy area " for 
the pelagic pecies of intere t. it t Tea! onable t as ume that temper
ature and catch data could be u ed within staustical limit, to bett r 
define the relauon of environment to catch. The 1972-74 urve) 
were conducted for this purpo e and a detailed ana) I I madi: ot th 
catch, temperature, and effort data. 

ANALYSIS AND O LU IO, ' 
PART I ;'illll 

In natural populations where sampling i le u, e rnthcr than ran-
dom or systematic, It I extreme!) difficult to separate chan e e\en 
from fundamental or pemstent relauon hip Thi I pamcularl. tru 
of catch-environmental relauonslups be use IJ all org:uusms m 
to aggregate m time and space. 2) the nature of th I ctl\1!} {n n
randornne s of effonJ is itself envuunmentall related, and ) paual• 
temporal-ennronmental mteract1on; ma) c ,mpletel} ob re th 
matn effects. 

It I common for fishene re a.n::hi:rs to atte I ha re -
tionship beN.een catch and temperature In . 
important ons1derauons are lh:it l 
cal and monotorucall) 1 

paual-en\lronmental m 

populfition "ill be" thin 
to e. tabhsh e, iden e for temperatu 
mum. traof) eaten b) n 
of tempernture and catch r CP 
this kind of anal. ~1s I that. "1 
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Figure 17 .-Distribution of albacore catch off outhern California and north
ern Mexico b) month, August 1963-July 1968, for total catch, catch tempera
ture and sea surface temperature range and means, and the standard deviation 
about the means. 



Pl .... -,., 
34• 

i\ ALBACORE 
42.2 - •1tc• _ .. , 

..r~"' 
I - IIHIIII *1•1 •ott f11h ct .. 111 . 

l .t• - SST st -'IU ... , f11 fl .. n 
CHtflt (•C) 

~~ 
10.t•- 1 cetd - ,,., (0 c) 
1,HS- No et f1tll re,o,tN. 

0-Cttcll r-,or1ttl , .,_, < 1,000 fitll 

33• 

~ }\ ~ 

l ,,18806 \ o ... ,.~. 177° 
186° 
l,Hfi 

- r 
830 827 826 825 
8 8 8 ioo0 1ee0 177° 18 3° \ ... -18 7° 1eo0 18 9° 19 7° 
1,788 C"I 1,025 1,531 1,615 

' 6!~ 

8•8 8'7 846 
8 • 8 

18.3° 200° 20s• 200° 
} 360 IB.3° 19 3° 19 6° 19 6 ° 

6e62 1,73 4 3,326 2,400 
868 ~~ 866 865 864 863 

~ .200• 19.3° 
8 8 8 • 8 ..,.. 1,080 
18 3° 188' 188' 200' 1e e• 
1e s• 191° 190° 19 3° 190' on 01tQO 2 185 10,901 6 372 5,654 1846 
886 BBS 884 883 882 881 880 ~ 8 • 8 8 8 8 8 
172 18 3 18 8 19' 18 8 200 200 
186 18 3 18 . 18 4 ,0, 18 9 19 2 
1,841 5,948 8,0!0 7,076 18 ,027 5,221 2,370 

916 
7 

\ 18.3° 
1e e• 
12,425 

11 8° 117° 

~ l~to,,Ctlll- ALBACORE f'--.. -- r---.. 

34 

I\ :f . . 
.:::'I ~:=:if> r-... • 

Ir--?, r---- •~r---, \ ~ : 

~ 

(,.,e; 

• <t:: ~ 
412 

.. , .. _ ;,-
I --..i.-.,.,_,,,11A9fllt 

~ 1.-- sST-,_.kl,_111111•"' 
.... ,1~1 

IO.t • -1' wtc11 - ,,■, (•c ) 
1,nl-h 111"1111,- tH 

33 n - c,10,...,..-411i11 <1,ooo, ... h 
120• 

Figure 18.-Catch and temperature data by block area for albacore caught off 
southern California. 

usually small , minimizing the likelihood of significant statistical rela
tionships. It may well be the ca e that temperature preference can 
only be established either by 1) the preponderance of evidence in 
elective ampling investigations, as presented in this report, or 2) 

intensive investigations within part icular temporal-spatial strata. 
The catch and temperature data obtained during the I 972-74 sur

veys were stratified by year and pecies (Pacific barracuda, yellow
tail, and Pacific bonito). For each species, analy e were conducted 
using the 3 yr of catch in the block area (916 or 860) having the 
greatest catch for that specie . U ing data for all 3 yi; cumulative 
preference curves (Kolmogorov-Smirnov) of catch vs. temperature, 
and cumulative temperature curves were plotted. 
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In general , graphs show increased catch rates for all species 
through the midrange temperature' of 17.8° to 20.0°C (64.0° to 
68.0°F), with a reduction in rate above 20.5°C (69.0°F). Table 1 
lists the temperature at the 20th, 50th, and 80th percenWes of the 
catch preference curves for each species. The corresponding percen
tiles of the temperature curve for the 31-wk period are shown below: 

Block 
860 
9 16 

20% 
16.6°C(62.0°F) 
16.1 °C(6 1.0°F) 

50% 
18.6°C(65 .5°F) 
18.6°C(65.5°F) 

80% 
20.5°C(69.0°F) 
20.2°C(68.5°F) 

The average temperature at the 20th catch percentile is lightly 
above the 20th percenWe for temperature, indicating that fewer fish 
were taken at the very lowest temperatures; beyond that. catch 
appears representative of the temperature distribution. 

Large catches of 30% or more above the mean were identified, 
and the corresponding ea surface temperature for each wa 
recorded. The temperatures for all large catches were averaged by 
year and are given in Table 2. Overall, large catches ranged m tem
perature from 16.2°C (61.2°P) to 23.0°C (73.5°F), with a mean 
value of 19.5°C (67.1 °F) for Pacific barracuda, 18.5°C (65.4 °F) for 
yellowtail, and 19.6°C (67.4°P) for Pacific bonito. 

The relationship of catch and temperature may be examined u Ing 
Spearman and Kendall nonparametric rank correlation tests a urning 
fishing effort is equally distributed over the tetnpernture range .vithm 
any time period. The results of these two tests for the relation hips of 
1) temperature and catch of all species per unit effort, and 2) tempera
ture and catch of all species for the 31 wk. are shown in Table 3. The 
correlations are consistently higher for catch than for CPUE, indica
ting an increase in effort with increasing catch. Thus, the temperature 
and catch relationship will be confounded with changing levels of 
effort. Therefore, only the relationship of temperature and CPUE 
was tested in subsequent analyses. 

For the 31 wk being analyzed, one of the nine test was stati tically 
ignificant at the .05 level using the Kendall test, and two te ts were 

stati tically significant using the Spearman test. Since the as ·umption 
of equal distribution of effort over the temperature range became le 
likely as the fishing season progressed , similar test were carried out 
for a 17- and a 12-wk period. These result are shown in Tobie 3. For 
the 17-wk period , three Kendall and five Spearman tests we~ tatis
tically significant; for the 12-wk period, two Kendall and lx Spear
man tests were tatistically significant. The Kendall test is more 
conservative in all ca es. On the average, about one-half of the indi
vidual tests were statistically significant at the . 05 level. 

The di tribution of catch over the temperature range appeared di -
proportionate only in the lower temperature range. To examine the 
possibility of a similar relationship for temperature and CPUE, 
cumulative CPUE curves were obtained for the three species, and the 
temperature distribution withing each percenttle range (0-20. 2040, 
40-60 , 60-80. and 80-100) was recorded . The results for all data 
combined are shown below. umbers in parenthe es mdicate how 
often catche would be expected in a particular temperature ran e 1f 
temperature had no effect of CPUE. 
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15.6° 1 3°c 160°-05°FJ 
I 3°-21 I °C i65°-70'Fl 
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Figure 19.-Distribution of catch by temperature and by month for catch, tem
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standard deviation, and sea surface temperature range and means for the three 
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Figure 23.-Plots of CPUE and temperature by weekly periods, April through October 1972 (top). 1973 (middle), 1974 (bottom), for Pacific bonito catches made in 
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Table I .-Breakdown of percent catch to temperatures (° F- ° C) 
ob erved from Kolmogorov-Smirnov graphs. 

Catch 

Penod 20% 50% 80% 

17 Weeks 

Barracuda 
block 860 

1972 64 .5° F 67 .0° F 69 .0°F 
1973 63 .5 66.0 67 .0 
1974 63 .0 64 .5 66.5 
i 63 .72(17 .62) 65 82(18 .82) 67.52(19.72) 

Yellowtail 
block9l6 

1972 62 0 65 .0 68 0 
1973 62 .0 62 .5 64 .5 
1974 61.5 63 0 68 0 
i 61.82(16 .52) 63 5 2(17 .5 2) 66 .82(19.32) 

Bonno 
block 860 

1972 66.0 67 0 69 0 
1973 61.0 65 .0 67 .0 
1974 62.5 63 5 730 
i 63 .2 2(17 .3 2) 65 2 2(18.4 2 ) 69 7 2(20. 9 2) 

31 Weeks 

Barracuda 
block 860 

1972 64.0 67.0 69 .0 
1973 64 .0 66.0 67 .5 
1974 63 .0 64 .5 69.0 

.i- 63 7 2( 17 6 2) 65 .8 2( 18 8 2) 68 5 2(20.3 2) 

Yellowtail 
block 916 

1972 62 .0 65 .0 68 .5 
1973 62 .0 63 .0 66.0 
1974 62 .5 66.0 69 .0 
i 62 22(16 82) 64 72(18 .22) 67 82(19.92) 

Bonito 
block 860 

1972 64 .5 66.5 69 .0 
1973 63.5 65 .5 67 0 
1974 63.5 66.5 70.0 
i 63 .8 2(17 .7 2) 66 22(19 .02) 68 6 2(20 .4 2) 

Again there is trong evidence that the lowest temperature range, 
12.7° to 15 .6°C (55° to 60°F), is the only area where catch rates are 
lower than expected. 

While evidence of correlations between angler success and ocean 
temperature for species of yellowtail and Pacific barracuda have been 
reported by Radovich (1975), it is difficult to interpret data from 
investigations where sampling may be selective, especially if the 
election i temperature related. The obvious relationship of catch 

and temperature may simply reflect increa ed effort, or may be due 
primarily to sampling above and below the temperature range of the 
pecie . The data presented in this report suggest the laner; and there 

is little evidence to indicate a preferred temperature within the range 
15 .6° to 21. l °C (60° to 70°F). 

Again, it should be stre ed that fishery data are not optimum for 
examirung this hypothe i because of the serious confounding of 
cause and effect. Simultaneous ob ervations of the spatial di tribu
tion of the pecies, environmental mea urements over the extent of 
di tribution, and the change that occur over time, must all be con id
ered before the true relationship of these pelagic specie to the envi
ronmental factor of ea urface temperature can bee tablished. 
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Table 2.-Meail temperatures for large catches. 

Calculated Mean temperature for 
Species· Catch Mean catch large catch large catches I yr 
Penod I yr I wk I wk (of.oC) 

Barracuda 
block 860 

1972 3,245 107 .7 167 .5 '""'} 1973 13,303 429. 1 686.6 66.1 67 . 1° F(l9 .5°C) 
1974 13.109 422 .9 676.6 67 .8 

Yellowtail 
block 916 

1972 21 ,441 691 6 1,106.6 65 .2 } 1973 142 ,556 4,598 .6 7,357 .8 64 . 1 65.3° F ( I 8.5°CJ 
1974 63,470 2,047 4 3,275 .8 66.8 

Bonito 
block 860 

1972 51.148 1,899 4 3,031.0 66 9 
} 67A 0 F(l9.6°CJ 1973 104.790 3,380 .3 5,408.5 66 4 

1974 54 ,672 1,763.6 2,821.8 68 9 

i666° F ( l9 .2° C) 
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Table 3.-Nonparametric correlation for sea surface temperature and catch of all species per unit effort and catch 
of all species (no. of fish), 1972-74, for 31-, 17-, and 12-wk survey periods , and significance at the .OS level. 

KENDALL SPEARMAN 

Species SST SST SST SST 

Block oo. /CPUE /No. fish /CPUE /No. fish 

31 weeks 

Barracuda 
block 860 
1972 Corr. .031 .310 .018 .424 

Sig .. 05 No No No Yes 

1973 Corr. .465 .607 .643 .796 

Sig .. 05 Yes Yes Yes Yes 

1974 Corr. .035 . 173 .061 .263 

Sig .. 05 No No No No 

Yellowtail 
block916 
1972 Corr. -.070 - .081 -. 170 -. 131 

Sig .. 05 No No No No 

1973 Corr. . 100 .3 1 I . 159 .438 

Sig .. 05 No No No No 

1974 Corr. .208 .283 .280 .378 

Sig .. 05 No No No Yes 

Bonito 
block 860 
1972 Corr. - . 102 .000 -.098 .043 

Sig .. 05 No No No No 

1973 Corr. . 153 .363 .276 .537 

Sig .. 05 No Yes No Yes 

1974 Corr. .292 .481 .423 .646 

Sig . . 05 No Yes Ye Yes 

SQUIRE, J. L .. JR .. and S. E. SMITH . 
1977 Anglers ' guide 10 the United States Pacific coast. U.S. Dep. Commer .. 

NOAA , National Marine Fisheries Service, Seattle. Wash., 139 p. 
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KENDALL SPEARMAN KENDALL SPEARMAN 

SST SST SST SST 
/CPUE /CPUE /CPUE /CPUE 

17 weeks 12 weeks 

.558 .746 .472 .628 
Yes Yes No Yes 
.356 .498 .6 14 .769 
No Yes Yes Yes 

.602 .792 .384 .518 
Yes Yes No No 

-.069 -.076 .453 .625 
No No No Yes 

. 164 .202 .605 .761 
No No No Yes 

.390 .732 .837 .928 

Yes Yes Yes Yes 

.346 .582 .600 .771 

No No No No 

.347 .505 .290 .518 

No Yes No No 

.237 .313 .515 .699 

No No No Yes 

WALFORD, L. A. 
1931 . Northward occurrence of southern fish off San Pedro in 1931. Calif 

Fish Game 17. 401-405. 


	002
	003
	004
	005
	006
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026



