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Introduction 

The relationship of sea surface tem- 
peratures to the availability of striped 
marlin, Tetmptunrs a h ,  off southern 
California has interested both fishery 
researchers and recreational billfish 
fishermen. The establishment of a rea- 
sonable correspondence would provide 
an indicator of variations in catch result- 
ing from anomalous environmental 
conditions. 

Uda (1957) outlined the basic biolog- 
ical principles of the association be- 
tween the environment, as represented 
by one parameter, sea surface temper- 
ature (SST), to the catch of tunas, Scom- 
bridae; and billfishes, Istiophoridae. In 
his paper, he discussed some of the pM- 
ciples of fish distribution for such larger 
pelagics as tunas and billfishes, in- 
cluding the one which states that "ma- 
rine organisms are distributed according 
to the variable environment (hydrobio- 
logical) conditions which they require 
for successful development." This paper 
describes one such association between 
the distribution of striped marlin and sea 
surface temperature. 

Many researchers have reviewed the 
migration of pelagic species off the 
North American west coast (yellowtail, 
Seriola lalandei; Pacific bonito, Sarda 
chiliensis; Pacific barracuda, Sphymena 
argentea; white seabass, Atractoscion 
nobilis; and skipjack tuna, Euthynnus 
pelamis) into more northern latitudes 
during years of anomalous warm sea 
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surface temperatures (Hubbs and 
Schultz, 1929; Walford, 1931; Radovich, 
1961). The number of studies comparing 
the catches of coastal northeast Pacific 
pelagic species to SST changes is limit- 
ed and the more recent ones are by 
Radovich (1961, 1975) and Squire (1982). 

Several studies relate striped marlin 
catch to SST. Squire (1974) made a com- 
parison of striped marlin catch rates in 
southern California from 1963 through 
1970 for periods with either continuous 
or discontinuous 68°F (20.0"C) and 
70°F (21.1"C) isotherm extensions into 
the southern California area from the 
south or southwest. Bimonthly temper- 
ature charts produced by the NMFS 
Southwest Fisheries Center, La Jolla, 
Calif., were used in the 1963-70 analy- 
sis. The current analysis extends the 
hypothesis which was first described in 
the 1974 study. In that study, Squire 
speculated that the continuity of iso- 
therm patterns crossing the Pacific 
Ocean from the west and recurving 
northward into southern California 
waters may have a greater influence on 
the catch of striped marlin than sea sur- 
face temperature observed in fishing 
areas off southern California. 

SST Climatology vs. 
Striped Marlin Catch 

Uda (1957) provided a range of sea 
surface temperatures for a number of 
oceanic pelagic species of tunas and bill- 
fishes, including those for striped mar- 
lin. Optimum SST's for striped marlin, 
determined from commercial longline 
catch data, ranged from 18.5"C (64.4"F) 
to 24°C (75.1°F), with a minimum and 
maximum range of temperature from 

16°C (60.8"F) to 29°C (84.2"F). 
Studies of SST associated with catch 

of striped marlin off southern Califor- 
nia (catch temperature) in the early 
1970's were made by Squire (1974) and 
Talbot and Wares (1975). These studies 
used SST measurements from airborne 
infrared equipment or nearshore and 
shipboard measurements, and the 
striped marlin catch off southern Cali- 
fornia as recorded by the major billfish 
clubs. Striped marlin catch data for both 
studies were obtained from the records 
of one or more of the following organ- 
izations: The Tuna Club, Avalon, Cata- 
lina Island, Calif.; Balboa Angling 
Club, Balboa, Calif.; and The Marlin 
Club, San Diego, Calif. 

Mean catch-temperature for striped 
marlin landed at San Diego was calcu- 
lated by Squire (1974) based on temper- 
ature data derived from monthly air- 
borne infrared SST surveys of southern 
California waters in 1963-68 (Squire, 
1971) and catch location data for the 
same period obtained from records of 
The Marlin Club, San Diego, Calif. 
Catch-temperature for a sample size of 
3,595 fish ranged from 61°F (16.1"C) to 
73.O"F (22.8OC) with a mean catch tem- 
perature of 673°F (19.9"C) and a stan- 
dard deviation of 0.5"F (0.9"C). This 
temperature is slightly below the mid- 
point (69.7"F or 203°C) of the optimum 
temperature range for striped marlin as 
defined by Uda (1957). 

In their study on striped marlin catch- 
temperature, Talbot and Wares (1975) 
used SST data recorded at Scripps Pier, 
located at the Scripps Institution of 
Oceanograpby, ka Jolla, Calif. They 
made three statistical tests from the data. 
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Landings of striped marlin during the 
month of August from 1960 through 
19K) at Avalon, Balboa, and San Diego 
were compared with sea surface tem- 
peratures at Scripps Pier. Correlation 
coefficients (6) (Snedecor, 1956) be- 
tween SST and landings were 0.39 for 
Avalon, 0.26 for San Diego, and 0.35 for 
Balboa landings. Only the correlation 
for Avalon landings was significant (1 
percent level). 

In the second approach, Talbot and 
Wares (1975) used mean monthly SST's 
determined from Scripps Pier data for 
June through September (1960-70) and 
landings at Avalon, Balboa, and San 
Diego. Correlation coefficients were 
0.47 for Avalon, 0.39 for Balboa, and 
0.50 for San Diego. Correlation with the 
Avalon data was significant at the 1 per- 
cent level, and with San Diego data at 
the 5 percent level. Balboa catch data 
were not significantly correlated with 
Scripps SST data. 

In the third test, Talbot and Wares 
(1975) used SST data developed bi- 
monthly from 1947 through 1966 by the 
National Marine Fisheries Service, La 
Jolla, Calif., for three areas of 2" longi- 
tude by 2" latitude off southern Califor- 
nia. The three areas included the major 
striped marlin catch areas off southern 
California. Correlation coefficients be- 
tween SST and catches for the three 
areas were 0.42 for Avalon, 0.42 for 
Balboa, and 0.32 for San Diego. None 
of the coefficients was significant at the 
5 percent level. Based on the available 
data, Wbot and Wares (1975) found that 
only 15-25 percent of the variation in 
striped marlin catch was related to SST 
changes off southern California. In the 
discussion, they stated that since a small 
amount of variation could be attributed 
to SST changes, other factors were more 
important than local water temperatures 
in determining catch of striped marlin 
in southern California waters. 

Important Fishery 
Characteristics 

catch rates in this area are 4-5 times 
lower than those observed about the 
southern tip of Baja California Sur, 
Mexico, where striped marlin are 
caught during all months of the year by 
both sportfishermen and commercial 
longliners. 

High catch rates for striped marlin 
have been recorded by Japanese long- 
line operations off the southern portion 
of the Baja California Sur, Mexico, 
peninsula during all months of the year. 
Japanese longline data from commercial 
and exploratory operations show low 
hooking rates for striped marlin west 
and southwest of southern California 
within the California Current region 
during all months of the year (Anony- 
mous, 1964-80). 

The results of tagging striped marlin 
in the recreational fishery about the 
southern tip of Baja California Sur, 
Mexico, indicate some movement from 
this area toward the northwest or south- 
ern California in early summer. Some 
of the striped marlin tagged off the east 
coast of the southern tip of the Baja 
California peninsula have been recover- 
ed off Magdalena Bay, Mexico, north- 
west of the southern tip of Baja Califor- 
nia Sur, and off southern California. 
The precise migration route of these 
tagged fish is unknown; however, the 
relatively short period of time between 
tagging off Baja California Sur, Mexico, 
and recovery off Magdalena Bay and 
southern California indicate movement 
to the northwest during the late spring 
and early summer season. 

Important Oceanographic 
Characteristics 

The ocean off southern California, 
sometimes called the Southern Califor- 
nia Bight, supports a major sportfish- 
ing area for striped marlin. The general 
boundaries of the Bight extend from 
Point Conception to near the northwest- 
ern border of Baja California, Mexico. 
The marine environment of the Bight is 
different from the areas along the west 

that in the Bight a counterclockwise cur- 
rent pattern was sometimes evident. The 
southern California Bight has numerous 
eddies due to the effects of the chain of 
offshore islands. 

Studies of sea surface temperature 
using an airborne infrared radiometer 
off southern California from Point 
Arguello to F'ta. Salsipuedes, Mexico 
(near lat. 32"N), were conducted from 
1963 to 1979 by the NMFS in coopera- 
tion with the U.S. Coast Guard (Squire, 
1971). These temperature surveys cover- 
ed the major fishing areas for striped 
marlin off southern California. During 
the late summer and early fall months, 
the period when striped marlin catches 
are made, temperature survey data in- 
dicate the warmest temperature to be in 
the Gulf of Santa Catalina. Based on 
catch records from 1960 to 1981, Sep- 
tember is the month of greatest striped 
marlin catch in numbers. Airborne SST 
survey results showing a typical distri- 
bution of SST isotherms off southern 
California for September 1966 (from an 
airborne survey on 9-14-66) are shown 
in Figure 1. The 5-year average temper- 
ature isotherms observed in 10" longi- 
tude by 10" latitude areas for September 
airborne surveys (1963-67) are shown in 
Figure 2. Included in Figure 2 is an 
outline of the major striped marlin 
fishing areas off southern California. 

Sea surface temperatures within the 
Southern California Bight are usually 
warmer during the summer, when com- 
pared with sea surface temperatures to 
the area north of Point Conception or 
south of the area near the U.S.-Mexico 
border. On many of the airborne in- 
frared monthly charts (Squire, 1971) and 
the 5-year average chart, colder temper- 
atures have been recorded (Fig. 1 and 
2) denoting significant upwelling to the 
north and south of San Diego. 

SST Isotherm Patterns and 
Their Relation to Catch 

Talbot and Wares' (197.5) study dealt 
with the correlation between the catch 

The southern California sport fishing coast immediate to the northwest and the 
season for striped marlin extends from southeast. From studies of current pat- 
late July to early November, the months terns off southern California using drift 
of latitudinal warming. Normally, no bottles and cards by Tibby (1939), 
catches are recorded for the period from Schwartzlose (1963), Reid et al. (1958), 
December through early June. Angler and Squire (1977), it was determined 

in the high catch rate areas and the sea 
surface temperatures at Scripps Pier as 
an indicator of the trend of temperature 
in the major fishing areas. Temperatures 
observed at Scripps Pier, LA Jolla, 
Calif., were in most cases not the same 
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Figure 1.-Infrared sea surface tem- 
perature isotherms off southern Cali- 
fornia typical of those observed by 
airborne infrared sea surface surrv9 
during the late summer. Survey is for 
14 September 1966. 

Figure 2.-Five-year mean sea tem- 
perature distribution ("F) for -m- 
ber airborne surveys conducted 
1%3-67 with outline of normal and 
high catch areas for striped marlin. 

Figure 3.-Biweekly sea surface isotherm charts issued 
by the NMFS Southwest Fisheries Center showing ex- 
amples of interception of isotherms at lat. 32"N for 16-30 
September 19n and 16-30 September 1981. 

as those observed in the major fishing 
areas for striped marlin as shown in 
Figure 2. Since comparisons of SST 

data and catch for the southern Califor- 
nia area have provided a rather incon- 
clusive correlation, it was evident that 

striped marlin catch off southern Cali- 
fornia should be examined in relation to 
other environmental features. Thus, I 
decided to study the relationship be- 
tween variation in catch and the changes 
in climatology of the ocean area off 
northwestern Baja California. 

Sea surface temperature isotherm 
charts in 2°F (l.l°C) increments repre- 
senting boundaries of areas having a 
mean temperature range for biweekly 
periods from July through November 
1960-81 were used to determine the 
climatology of the area. These charts, 
which were published by the NMFS 
Southwest Fisheries Center, La Jolla, 
Calif., were examined to determine the 
warmest isotherm that extends contin- 
uously into southern California waters 
from the area south and west of a line 
extending offthe coast at lat. 32"N (near 
Pta. Salsipuedes, Mexico). Examples of 
the warmest continuous isotherm are 
found on the charts for 16-30 September 
during 1973 and 1982 (Figure 3). That 
period in 1973 (Fig. 3) was character- 
ized by low temperatures during the 
tishing season. For the same time period 
in 1981 (Fig. 3), very warm sea surface 
temperatures were observed. For the 
1973 chart (Fig. 3) an example of the 
warmest continuous isotherm extending 
into southern California from the south 
or southwest at lat. 32"N is 64°F (18"C), 
and for the 1981 chart (Fig. 3), the 
warmest continuous isotherm observed 
was 72°F (22.2"C). 

Catch data by biweekly periods from 
June through November 1960-81 were 
collected from The Marlin Club, San 
Diego, Calif. A total of 10,807 striped 
marlin were recorded during the 22-year 
period. Striped marlin landed during 
periods when isotherms of 62" - 72°F 
(16.7" - 22.2"C) were observed to be 
continuous into southern California at 
lat. 32"N were recorded. The frequen- 
cy of striped marlin landings during dif- 
ferent isotherm regimes for each 2-week 
period 16-31 July through 16-31 October 
1960-81 is given in Table 1. 

A linear regression was fitted in 
which the predictor variable was iso- 
therm temperature (Table 1, column 1) 
and the criterion variable was mean 
number of striped marlin per 2-week 
period (Table 1, column 4). The results 
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Figure 4.-Average number of striped marlin caught during 
2-week periods (16-31 July through 16-31 October) and during 
periods when isotherms 62" - 70°F (16.7" - 21.2"C) were con- 
tinuous at lat. 32"N. Data for ?2"F (22.2"C) represent only one 
Occurrence (16-30 September 1981) during the 1960-81 period. 
Range of catch observed within 2-week period for each isotherm 
is given. 
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No. of 2-k Total no. Mean no. Of 
periods when of striped striped marlin 

Isotherm isotherms marlin per Z-week 
F(%) were present landed period 

82°(16.70) 4 27 6.8 

ssO(l8.9') ss 4.059 59.7 
esym.00) 37 3,192 86.3 

72°(22.20) 1 221 221 .o 

64'(17.E0) 32 766 24.6 

7Oo(21.l0) 20 2,522 126.1 

are presented in Figure 4. The relation- 
ship between mean catch data and the 
occurrence of progressively warmer isc- 
therms is linear (9 = 0.99). However, 
the variation in catch (criterion) was 
substantial during periods when the 
62" - R " F  (16.7" - 22.2"C) isotherms 
were continuous. 

Examination of catch and temperature 
data of some of the larger pelagic fishes 
@ellawtail and Pacific bonito) off south- 
ern California by Squire (1982) indicates 
that the migration of fish northward 
from off Mexico during late spring and 
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Figure 5.-Average number of striped marlin caught dur- 
ing 2-week periods, (1-15 August through 16-31 Septem- 
ber) minimum and maximum number of striped marlin 
landed during each temperature, calculation of exponen- 
tial curve and standard deviation of the mean catch ob- 
served for each temperature. 

early summer is more related to in- 
creasing sea surface temperatures than 
is movement south out of southern Cali- 
fornia during the fall period of de- 
creasing sea surface temperature. 
Therefore, the relationship between the 
catch of fish latitudinally or north-south 
along the coast may be more related to 
warming during the first part of the fish- 
ing season. To examine this possibility 
for striped marlin, isotherm data were 
plotted for the biweekly periods 1-15 
August through 16-31 September (Fig- 
ure 5 ) .  The curve of catch vs. temper- 
ature (Fig. 5 )  increases at an exponential 
rate, indicating that for isotherms 64°F 
(17.8"C) through 72°F (22.2"C) average 
catches increased from 46 to 208 striped 
marlin per period, respectively. How- 
ever, the variation about the isotherm 
mean temperature (Fig. 5 )  is consider- 
able. Therefore, results from the use of 
the isotherm position as a predictor of 
catch during any 2-week period (1-15 
August - 16-31 September) could be 
highly variable. 

Summary and Conclusions 
The sport fishery catch of striped 

marlin off southern California during 
the period July through October appears 

to be related to sea surface temperatures 
observed off the Pacific coast of north- 
western Mexico. Isotherms that are con- 
tinuous into southern California waters 
from the west or southwest at 68°F 
(20.0"C) and above tend to be accom- 
panied by an increase in catch; the peak 
continuous temperature isotherm ob- 
served in 1981 ( n ° F  or 22.2"C) was ac- 
companied by an increase in catch. Data 
also show a high variability in catch 
relative to any continuous isotherm dur- 
ing the 2-week periods. Therefore, any 
short-term prediction of catch based on 
continuous isotherm data may yield 
highly variable results. 

Striped marlin are common to sub- 
tropical and tropical waters of lower 
latitudes than southern California. Sea 
surface temperatures in these high catch 
rate areas (commercial and recreational 
fisheries) are higher than temperatures 
observed to the south of the Southern 
California Bight. From available catch 
and temperature data (1960-81) and ob- 
servations of the temperature range of 
striped marlin, it is reasonable to as- 
sume that the Ocean temperatures, as 
deiined by continuous isotherms extend- 
ing into southern California from the 
south or southwest, never attain values 

46 Marine Fisheries Review 



that would result in a maximum catch 
off southern California because catches 
appear to be increasing at the peak con- 
tinuous isotherm recorded ( n ° C  or 
22.2"C j. 
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