
MARINE FISH RESOURCES: 

Fish Species Biology 

307181



 

182



378

CALIFORNIA DEPARTMENT OF FISH AND GAME
December 2001

California’s Living Marine Resources:
A Status Report

Bank Rockfish
History of the Fishery

Most bank rocksh (Sebastes rufus) are taken commer-
cially by trawls, although gill nets were also impor-

tant early in the shery. Most of the catch occurs off 
California, although substantial landings are occasionally 
made off southern Oregon. Until the 1980s, bank rocksh 
were a relatively minor part of the commercial catch. 
However, as shing effort off California expanded into 
deeper waters, landings of this species sharply increased. 
From 1981 to 1992, banks ranked among the top 10 rock-
sh species taken in California, averaging 1,115 tons annu-
ally, and ranked among the top three rocksh species 
landed at Monterey and Morro Bay. In general, catches 
after 1992, though variable, have remained somewhat 
steady. Since the 1970s, there has been a decrease in 
both age and length of individuals in the shery. In 1998, 
about 450,000 pounds of bank rocksh were caught in 
the California commercial shery; these were valued at 
about $207,000. 

While bank rocksh are rarely caught in the recreational 
shery north of Pt. Conception, California, they are a 
frequent catch of recreational anglers in deep waters off 
southern California.

Status of Biological Knowledge

Bank rocksh are oval-shaped sh with small head 
spines. They are dusky red or red-brown, often with a 

clear pinkish-orange zone along the lateral line and black 
spotting on the body and spinous portion of the dorsal 
n. However, some individuals may not have spots. This 
species reaches a maximum length of 21.7 inches.

Bank rocksh are found from Queen Charlotte Sound, 
British Columbia to central Baja California and Isla Guadal-
upe (off central Baja California). They are abundant from 
the southern Oregon-northern California area to at least 
southern California. They live in depths between 100 and 
1,500 feet, but most commonly between 300 and 800 feet. 

Juveniles and sub-adults tend to be found in shallower 
waters than adults are.

Demersal juveniles and adults often are found over high 
relief boulder elds or steep cliff faces with plenty of 
crevices and caves. They also are found over cobblestones 
or on mixed mud-rock bottoms, where they shelter near 
or beneath the hard substrate. Small numbers have been 
observed around the bottom of deeper offshore oil plat-
forms. Banks usually are found either alone or in small 
groups of up to 30 individuals, often hiding in, or very 
close to, sheltering sites. It is also possible that this 
species previously formed large schools before it was sub-
jected to intense shing pressure. In southern California, 
banks are often found with blackgill rocksh.

Bank rocksh live to at least 53 years. They are among 
the slowest growing of the rockshes. Females grow larger 
than males and, at least among older sh, appear to be 
larger at a given age. Males reach maximum length at a 
slightly faster rate than females and mature at a smaller 
size than females. A few males are mature at 11 inches 
and 10 years, and all are mature at 14.8 inches and 
20 years. Off California, banks release larvae from Decem-
ber to May (peaking in January and February) and from 
January to April off Oregon. Individual females produce 
between about 65,000 and 608,000 eggs. Off southern 
California, females release larvae in several batches per 
season, although this is not the case further north. Little 
is known of their food habits, although krill and gelatinous 
zooplankton have been found in their stomachs.

Status of the Population

In 2000, a partial stock assessment was made on bank 
rocksh. This assessment implied that there has been 

a substantial decrease in the bank rocksh population, 
particularly in the 1990s.

 

Milton Love
University of California, Santa Barbara

Diana Watters
California Department of Fish and Game

Bank Rockfish, Sebastes rufus
Credit: DFG
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Commercial Landings 
1916-1999,
Bank Rockfish
Data Source: CalCom, a cooperative 
survey with input from Pacific Fish-
eries Information Network (PacFin), 
National Marine Fishery Service 
(NMFS), and California Department 
of Fish and Game (DFG).  Data are 
derived from DFG commercial land-
ing receipts with expansions based on 
port samples collected by PacFin sam-
plers. Expansion data not available 
for years prior to 1978.
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Chilipepper
History of the Fishery

The chilipepper (Sebastes goodei) is one of California’s 
most important rocksh species; it is a major con-

tributor to commercial and sport landings. In fact, from 
1996 through 1998 chilipepper was ranked rst in state-
wide commercial rocksh landings, with an annual aver-
age of over 3.8 million pounds. Important ports of landing 
are throughout central and much of northern California, 
including Fort Bragg, Bodega Bay, San Francisco, Princ-
eton, Monterey, Moss Landing, and Morro Bay. Chilipepper 
also contribute to southern California rocksh landings, 
although not so heavily.

In the late 1800s, chilipepper and most other rocksh 
were caught by Portuguese longline shermen who shed 
Monterey Bay from small two or three-person vessels. 
Longlines provided most, if not all, rocksh landings until 
the mid-1940s. Improvements in otter trawl technology 
subsequently led to trawl gear replacing longlines as the 
primary gear used to catch rocksh. Trawl gear enabled 
shermen to make much larger landings with larger ves-
sels. Trawlers have since accounted for the great majority 
of chilipepper landings, followed by set gill net and hook-
and-line gears. During the 1990s, gill net landings have 
declined to very low levels, whereas hook-and-line gears 
have comprised a relatively higher portion of the catch.

Historically, chilipepper was not considered an important 
component of the party boat angler’s catch in central 
and northern California due to its deep offshore distribu-
tion. In the early 1980s, Monterey and Santa Cruz party 
boat skippers began shing chilipepper schools in the 
vicinity of the Monterey underwater canyon in late spring 
through summer. In contrast, southern California chilipep-
per partyboat landings peak during the winter months. 
Chilipepper was ranked third among rockshes taken 
off central and northern California in 1989-1990, but its 
relative importance in the recreational shery has dwin-
dled throughout the 1990s. Since 1995, sport landings 
have comprised less than two percent of the total 
chilipepper catch.

Status of Biological Knowledge

Chilipepper range from Queen Charlotte Sound, British 
Columbia to Magdalena Bay, Baja California. Adults are 

found on deep rocky reefs, as well as on sand and mud 
bottoms, from 150 to 1,400 feet; juveniles school and are 
frequently found in shallow nearshore waters, particularly 
in kelp beds. Spawning occurs from September to April 
with a peak occurring in December and January. About 
50 percent of female chilipepper are sexually mature at 
four years when they are between 11 and 12 inches, while 
males mature at two years and between eight and nine 
inches. Chilipepper attain a maximum age of 35 years 
and a size of up to 23 inches, with females growing 
substantially larger than males.

Adults feed on krill and other small crustaceans, squid, 
and a variety of small shes. Probable predators of chili-
pepper include marine birds and mammals, king salmon, 
lingcod, Pacic hake, sablesh, and other rocksh.

Status of the Population

T he last stock assessment of chilipepper, conducted in 
1998, indicated that unlike most other rocksh popula-

tions, the stock was in quite good condition. At that time, 
the population size was determined to be 35,000 tons, 
which is about 50 percent of the unexploited level. The 
healthy status of the chilipepper stock has been due to 
a very strong 1984 year-class that supported the shery 
throughout the 1990s, although recent recruitments have 
been lower and the stock is slowly but steadily declining. 
Based on the assessment, the Pacic Fishery Management 
Council set the acceptable biological catch at 4,100 tons, 
although the Council lowered the total allowable catch 
(TAC) to 2,000 tons out of concern for bocaccio bycatch in 
chilipepper sheries. Even with the lower TAC, the various 
sheries have not been catching the quota.

Stephen Ralston
National Marine Fisheries Service

Kenneth T. Oda
California Department of Fish and Game

Chilipepper, Sebastes goodei
Credit: DFG
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Commercial Landings 
1916-1999, 
Chilipepper Rockfish
Data Source: CalCom Database 
utilizing DFG commercial land-
ing receipts. Expansions of port 
samples are conducted by Pacific 
States Fishery Management 
Council with input from DFG.
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Commercial Landings 
1916-1999, 
Bocaccio/Chilipepper 
Rockfish
Data Source: DFG Catch Bulletins 
and commercial landing receipts. 
The market category Bocaccio/
Chilipeper Rockfish were aggre-
gated within the market 
category Rockfish prior to 1979.
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Yellowtail Rockfish
History of the Fishery

Yellowtail rocksh (Sebastes avidus), frequently called 
“greenies” by commercial shermen, are a major com-

ponent of the groundsh shery. Over the period from 
1983 to 1998, yellowtail rocksh accounted for 13 percent 
of all rocksh landed on the U.S. West Coast and six 
percent of all groundsh, exclusive of Pacic whiting. 
Among the rocksh/rockcod, only widow rocksh have 
supported a greater West Coast harvest. The center of 
yellowtail rocksh population abundance is off the states 
of Oregon and Washington, with lower abundance off 
California. Even so, from 1980 to 1998, the total combined 
landings among all yellowtail rocksh sheries in the state 
have ranged from 370 to 2,460 tons per year, with an 
average catch over that period of 1,080 tons per year. 
Catches exceeded 2,200 tons per year during 1982 and 
1983, declined to 550 tons per year through 1988, rose to 
levels above 1,100 tons per year from 1989 through 1992, 
and then declined to about 550 tons per year thereafter. 
After bocaccio and blue rocksh, yellowtail rocksh was 
the third most abundant rocksh taken in the California 
recreational shery for several years.

Over the last two decades, the recreational shery has 
been responsible for a substantial portion of the yel-
lowtail rocksh catch in California, accounting for over 
one-third of all landings. Among the commercial sheries, 
trawl shing has produced the greatest catch (28 percent 
of total landings), but hook-and-line and setnet sheries 
have also been important, accounting for 24 percent and 
13 percent, respectively. Thus, yellowtail rocksh have 
been harvested in signicant quantities by all groundsh 
sheries in the state, perhaps more so than any other 
species, with the exception of bocaccio.

The northern distribution of the yellowtail rocksh stock 
is distinctly evident in the commercial landings statistics 
compiled from each port of landing within the state. Of 
the combined “greenie” catch, 94 percent has been taken 
from Monterey north. Similarly, in the recreational shery 

86 percent of the catch has come from northern California 
waters. There are, however, differences in the types of 
commercial shing conducted at each port. For example, 
from Fort Bragg north, trawling has been the primary 
method of harvesting yellowtail. In contrast, commercial 
sheries in San Francisco, Bodega Bay, and Monterey have 
relied more heavily on hook-and-line and setnet xed 
gear to capture this species. In recent years, the setnet 
shery has declined to negligible quantities, but from 1983 
to1986 large quantities of yellowtail rocksh were taken in 
the gill net shery that operated between Monterey and 
San Francisco.

Status of Biological Knowledge

Yellowtail rocksh are found from Kodiak Island, Alaska 
to San Diego, although they are rare south of Point 

Conception. They are wide-ranging and are reported to 
occur from the surface to 1,800 feet and are known to 
form large schools, either alone or in association with 
other rocksh, including widow rocksh, canary rocksh, 
redstripe rocksh, and silvergray rocksh. They are pri-
marily distributed over deep reefs on the continental 
shelf, especially near the shelf break, where they feed on 
krill and other micronekton.

There is some controversy about the existence of distinct 
stocks of this species. Some allozyme and parasitological 
evidence supports the view that multiple stocks exist, 
whereas other genetic data indicate one single coastal 
stock. Within U.S. waters, the species is currently man-
aged as two stocks, with a separation at Cape Mendocino, 
although that boundary is purely based on human consid-
erations, including differences in shing patterns and data 
availability.

Like many other species of rocksh, yellowtail are long-
lived. The age distribution of sh sampled in commercial 
sheries off Oregon and Washington can span six decades, 
with the oldest known specimen a 64-year-old male. They 
typically reach their maximum size at about 15 years of 
age and the largest recorded specimen was a 28-inch 
female. Females begin to mature at 10 to 15 inches, with 
half reaching maturity by a size of 15 to 18 inches; males 
do not grow quite as large as females.

Yellowtail Rockfish, Sebastes flavidus
Credit: J. Mello DFG
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Status of the Population

A recent assessment of the northern portion of the 
population indicates that unlike many of our rocksh 

stocks, the resource is very healthy. Based on a wide 
variety of information collected over the last 30 years 
or more, population abundance is currently believed to 
be about 77,000 tons, down to 60 percent of the virgin 
population size, but still well above the target population 
size, which is 40 percent of the unexploited level. 

Stephen Ralston
National Marine Fisheries Service
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Yellowtail Rockfish
Data Source: CalCom, a cooperative 
survey with input from Pacific Fish-
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of Fish and Game (DFG).  Data are 
derived from DFG commercial land-
ing receipts with expansions based 
on port samples collected by PacFin 
samplers. Expansion data not avail-
able for years prior to 1978.
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California Scorpionfish
History of the Fishery

The California scorpionsh (Scorpaena guttata) is a 
valuable commercial sh in southern California. For 

many years, the shery experienced a long decline, with 
peak catches of 223,000 pounds in 1925 and uctuating 
catches thereafter. However, the rise of the live sh 
shery in the 1990s led to the shery’s resurgence, as this 
species’ bright red color and hardiness after capture has 
made it a favorite target. Today, about 85 percent of the 
commercial California scorpionsh catch goes to the live 
sh shery. Catches in 1998 totaled about 75,000 pounds 
valued at $175,000. Most sh are taken in traps or by 
hook-and-line. 

California scorpionsh are a moderately important part 
of the sport shery in southern California. They are 
taken primarily from party boats and private vessels, and 
occasionally from piers and jetties, mostly from Point 
Mugu southward. 

Status of Biological Knowledge

California scorpionsh are easily distinguished from 
most other California shes. They are a relatively 

heavy-bodied species, with strong head and n spines, 
ranging in color from red to brown, often with purple 
blotches and always covered with dark spots. They reach 
a length of 17 inches.

California scorpionsh live from tide-pool depths to about 
600 feet (usually in about 20-450 feet) from Santa Cruz to 
southern Baja California, and in the northern part of the 
Gulf of California. Preferring warmer water, the species 
is common as far north as Santa Barbara. While they are 
most abundant on hard bottom (such as rocky reefs, sewer 
pipes and wrecks), they are also found on sand.

California scorpionsh grow to 17 inches and some live 
at least 21 years. After four years of age, females grow 
faster than males and reach a larger size. Although a few 

sh mature at six inches (one year), over 50 percent are 
mature by seven inches (two years) and all reproduce by 
nine inches (four years). Spawning occurs from April to 
August, peaking in June and July. Scorpionsh are ovipa-
rous, have external fertilization, and females produce 
eggs imbedded in the gelatinous walls of hollow, pear-
shaped “egg-balloons.” These paired structures, each ve 
to 10 inches long, are joined at their small ends. The walls 
of these “balloons” are about 0.1 inch thick, transparent 
or greenish in color, and contain a single layer of eggs. 
Each egg is about .05 inch in diameter. The egg masses 
oat near the surface and the eggs hatch within ve 
days. Very young sh live in shallow water, hidden away 
in habitats with dense algae and bottom-encrusting organ-
isms. Small crabs are probably the most important food 
of California scorpionsh, although other items, such as 
small shes, octopuses, shrimps and even pebbles are 
sometimes eaten. These animals are primarily nocturnal 
and feed at night. Octopuses prey on small individuals. 
California scorpionsh make extensive spawning migra-
tions in late spring and early summer, when most adults 
move to 12 to 360 foot depths, forming large spawning 
aggregations on or near the bottom. During spawning, 
these aggregations rise up off the bottom, sometimes 
approaching the surface. Spawning occurs in the same 
areas year after year, and it is likely that the same 
sh return repeatedly to the same spawning ground. 
When spawning ends, the aggregations disperse and many 
(though not all) of the sh move into shallower waters. 

The sharp spines on the dorsal, anal and pelvic ns are 
poisonous. The toxin is produced in glands that lie at 
the base of each spine and run up to the tip through a 
groove. A wound, although painful, is seldom fatal, and 
bathing the wound in hot water can reduce the pain. The 
heat alters the toxin’s structure making it harmless. One 
should be careful not to make the water so hot as to 
damage tissue.

Status of the Population

No population estimates exist for California scorpi-
onsh. However, data from trawl studies conducted 

by the Los Angeles County Sanitation Districts, Southern 
California Coastal Water Research Project and the Orange 
County Sanitation District from 1974-1993 show that there 
are substantial short-term uctuations in California scorpi-
onsh abundance within the Southern California Bight.

California Scorpionfish, Scorpaena guttata
Credit: DFG
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California Scorpionfish

Management Considerations
See the Management Considerations Appendix A for 
further information.

Milton Love
University of California, Santa Barbara

References
Love, M. S., B. Axell, P. Morris, R. Collins and A. Brooks. 
1987.  Life history and shery of the California scorpi-
onsh, Scorpaena guttata, within the southern California 
Bight. Fish. Bull. US 85(1):99-116.

Stull, J. K. and C.-L. Tang. 1996.  Demersal sh trawls off 
Palos Verdes, southern California, 1973-1993. Calif. Coop. 
Oceanic Res. Rep. 37:211-240.

1916 1920 1930 1940 1950 1960 1970 1980 1990 1999
0

50

100

150

200

250

C
al

if
or

ni
a 

Sc
or

pi
on

fi
sh

th
ou

sa
nd

s 
of

 p
ou

nd
s 

la
nd

ed

Commercial Landings 
1916-1999,
California Scorpionfish
Data Source: DFG Catch 
Bulletins and commercial 
landing receipts.
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Recreational Catch 1947-1999, California Scorpionfish
CPFV = commercial passenger fishing vessel (Party Boat); Recreational catch as reported 
by CPFV logbooks, logbooks not reported prior to 1947.
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Barred Sand Bass
History of the Fishery

Barred sand bass (Paralabrax nebulifer) are commonly 
caught by anglers in California. Since the late 1970s, 

this species has consistently ranked among the top 10 
species in the southern California marine sport sh catch. 
The major barred sand bass shing sites include the Silver 
Strand, Del Mar, San Onofre, Huntington Flats area off 
Orange County, the inshore portion of northern Santa 
Monica Bay off Pacic Palisades and Santa Monica in Los 
Angeles County, and the Ventura Flats area off northern 
Ventura County. Barred sand bass are targeted exclusively 
by sport anglers; the commercial harvest of this species 
has been illegal since 1953. Throughout the 1930s and 
early 1940s, sand bass, as well as kelp bass, were not con-
sidered to be quality angling fare but gained tremendously 
in popularity as game shes by the mid-1950s. At that 
time, concern about the resource by sport shermen and 
shery managers resulted in the initiation of life history 
studies and the formulation of conservation measures. By 
1959, a 10-sh bag limit and a 12-inch minimum size limit 
had been imposed on all three kelp and sand bass species, 
measures designed to counteract the declining numbers, 
and shrinking size composition of the bass catches. The 
commercial passenger shing vessel (CPFV) bass shery 
responded positively to this management regime, and 
landings of kelp and sand bass increased substantially 
through the 1960s and early 1970s. From 1975 through 
1989, the CPFV barred sand bass catch expanded threefold 
to a peak of 400,000 sh in 1988. Although lacking some 
of the sporting qualities of kelp bass, barred sand bass 
are much more susceptible to hook-and-line gear and are 
somewhat easier to catch. When CPFV skippers target 
barred sand bass aggregations, they can usually produce 
substantial catches for their passengers, even for novice 
anglers possessing minimal shing skills. In 1985, 1987 and 
1988, barred sand bass was the leading bass species in the 
CPFV catch exceeding kelp bass landings for the rst time 
since 1961 when kelp bass and sand bass landings were 
rst reported separately. Estimates of annual barred sand 
bass landings from all sport shing activities (shore, pier, 

private boat, CPFVs, etc.) ranged as high as 1,940,000 in 
1988. The CPFV landings of barred sand bass remained 
stable at around 600,000 sh from 1993 to 1996, but 
declined dramatically thereafter. On average, landings of 
barred sand bass in the 1990s were about 40 percent 
lower than those in the 1980s.

Status of Biological Knowledge

Barred sand bass range from Santa Cruz south to Bahia 
Magdalena, Baja California, Mexico. They are rare 

north of Point Conception. Sand bass chiey inhabit the 
shallow waters near the southern California mainland, but 
have been captured at depths as great as 600 feet, but 
the greatest concentrations are found in depths less than 
90 feet. Young sand bass are abundant in very shallow 
water (ve to 30 feet). The name “sand bass” is somewhat 
unfortunate since they are usually closely associated with 
sand/rock interfaces of deep reefs and articial structures 
and are rarely found out over sandy expanses.

Barred sand bass feed mainly on small shes (including 
anchovies, sardines, midshipman), and invertebrates such 
as crabs, clams, and squid. The largest barred sand bass 
on record measured 26 inches in length, and the maxi-
mum-recorded weight was 11.1 pounds. Like their sympat-
ric congener the kelp bass, barred sand bass are also 
relatively slow growing. A juvenile barred sand bass is 
approximately six inches long after one year, and reaches 
sexual maturity between seven and 10.5 inches in length 
and about three to ve years. The oldest known barred 
sand bass was found to be 24 years old.

Barred sand bass form large breeding aggregations over 
sandy bottoms at depths of 60-120 feet in the summer 
months. Spawning occurs in these aggregations from 
April through November, usually peaking in July. During 
spawning, high-contrast, gray and white individuals with 
large golden-yellow crescents under their eyes are usually 
males. Sand bass produce a large number of small pelagic 
eggs that enter the plankton in coastal waters. Young-of-
the-year sand bass begin appearing in shallow, nearshore 
waters in the early fall.

DFG tagging studies have revealed that barred sand bass 
are capable of movements of from ve to 40 miles. In the 
early 1970s, evidence was presented that tumors, defor-
mities, and other anomalies found in barred sand bass may 
have been linked to industrial and domestic wastes dis-
charged into the nearshore environment. Reports of such 
abnormalities have decreased in the past two decades.

Barred Sand Bass, Paralabrax nebulifer
Credit: DFG
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Status of the Population

The barred sand bass catch rose steadily in importance 
from 1975 to late 1989, to the point where sand bass 

are rivaled only by kelp bass in the nearshore recreational 
catch off southern California. From 1975 to 1978, barred 
sand bass ranked in the top ten in CPFV catch. By 1986 
to 1989, barred sand bass consistently ranked in the top 
three species and was the top ranked species in CPFV 
catch in 1988. CPFVs and private boats take the majority 
of sand bass while shing the summer spawning aggrega-
tions. Several factors seem to account for the upward 
trend. Most signicantly, CPFVs, which account for the 
greatest portion of the barred sand bass catch, have 
begun to target them more frequently, especially during 
the summer spawning period. The sh are concentrated at 
that time, usually in well-dened areas along the coast. 
Also, new barred sand bass spawning sites have been dis-
covered over the last 20 years and are now being exploited 
by CPFVs and private boats. As shing effort targeting 
barred sand bass has increased, there has been concern 
that the stock may become over-exploited. Although, 
more information must be collected before the impacts of 
this intense shing on barred sand bass populations can be 
determined, landings have recently begun to decline and 
there is cause for concern.

Management Considerations
See the Management Considerations Appendix A for 
further information.

Larry G. Allen
California State University, Northridge

Tim E. Hovey
California Department of Fish and Game
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Blue Shark
History of the Fishery

Blue sharks (Prionace glauca) are not a major target of 
California’s recreational or commercial sheries. Urea 

stored in their blood system quickly turns to ammonia 
when the shark dies, thus rendering the meat unpalatable. 
Development of a quality meat product has been the 
limiting factor in creating commercial interest. Only two 
serious attempts at developing a quality food product in 
California have occurred. The rst took place in 1979 and 
1980 when one vessel shed blue sharks experimentally 
with longline gear. Product quality was judged to be good 
enough to establish blue shark as a viable alternate sh-
ery, and 150,000 pounds dressed meat were sold at about 
$0.25 per pound. Although market interest developed in 
several western states, a steady demand could not be 
assured and the shery was discontinued.

The second attempt at developing a food product began 
in 1988 with an experimental longline shery directed at 
shortn mako and blue shark. Participants in the shery 
were required to develop a market for human consump-
tion with the bycatch of blue sharks, which were not 
released alive. In 1989 and 1990, a total of 54,000 pounds 
of blue shark was sold for making jerky and “sh and 
chips.”  It was clear from these attempts, however, that 
a quality food product and related market had not been 
achieved. Participants in the shery substantially reduced 
the incidental mortality of blue sharks by developing a 
hook removal tool, which allowed up to 88 percent of the 
blue shark catch to be released alive. As a result, the 
requirement to develop a wholesale market for blue sharks 
was dropped in 1991. Between 1991 and 1999, the com-
mercial harvest of blue sharks dropped to 37,500 pounds.

The recreational catch of blue sharks grew tremendously 
throughout the 1980s. Estimated annual catch increased 
ten-fold between 1981 and 1988 with over 400,000 angler-
trips on private boats, which had “sharks” (including 
mako sharks) as the primary or secondary target species. 
Although angler effort for “sharks” remained high through-

out the 1990s, blue shark harvest continually declined. 
This may be due to the fact that most blue sharks 
are released alive. Shark shing trips aboard commercial 
passenger shing vessels (CPFVs) are offered from most 
southern California sport shing landings from two to 
seven nights per week during the summer.

The greatest source of shing mortality for southern Cali-
fornia blue sharks in the past three decades probably 
occurred as a result of their incidental capture during the 
developing years of the drift gillnet shery for swordsh 
and thresher sharks. Annual estimated bycatch in the 
late 1970s and early 1980s was between 15,000 and 
20,000 blue sharks. Changes in season length, eet size, 
time-area closures and the use of large mesh nets substan-
tially reduced blue shark mortality, although there are no 
reported estimates of current mortality in this shery.

Status of Biological Knowledge

T he blue shark is an oceanic-epipelagic and fringe lit-
toral species with a circumglobal distribution. It is 

found in all temperate and tropical oceans and is thought 
to be the most wide-ranging shark species. Although this 
species can be found in oceanic waters between 43˚F 
and 82˚F, it is most commonly found in cooler water 
temperatures between 45 F and 61̊ F. In tropical waters, 
blue sharks show submergence and are typically found 
at greater depths. In temperate waters, blue sharks 
are caught within the mixed layer and generally range 
between the surface and the top of the thermocline, 
but have been documented as deep as 2,145 feet. In the 
Pacic, blue sharks are most predominant between 35˚N 
and 45˚N.

Age and growth studies of blue sharks indicate that they 
may reach maturity in six to seven years, although there 
may be regional differences in growth. They are thought 
to be opportunistic feeders at all life stages and prey 
primary on small pelagic shes, crustaceans, and ceph-
alopods. Blue sharks off southern California have also 
been shown to exhibit seasonal dietary shifts when 
prey such as squid become abundant during their mass 
spawning events.

The blue shark is viviparous with a yolk-sac placenta. 
Litter size is quite variable ranging from four to 135 pups 
and may be dependent on the size of the female. In 
the Pacic, it is thought that mating occurs during the 
summer months in the equatorial region from May through 
August. Gestation period is thought to range from nine 
to 12 months and may vary depending on location. Off 
California, mating occurs in late spring to early winter. 
The Southern California Bight is a major birthing area and 
is generally considered a nursery area for immature blue Blue Shark, Prionace glauca

Credit: DFG
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Blue Shark
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sharks. Female blue sharks have been shown to exhibit 
sperm storage, which may also explain variability in gesta-
tion period estimates. Late-term pregnant females are 
found in the northern Pacic in summer months where 
they give birth to large, well-developed pups averaging 14 
inches. This suggests that mature females in the Pacic 
may only reproduce every other year.

Seasonal migrations are thought to occur in the Atlantic, 
Pacic, and Indian Ocean populations with seasonal peri-
ods of sexual segregation. A shark tagging program 
recently initiated by the department may further elu-
cidate the migratory movements of blue sharks in the 
eastern Pacic. However, because no blue shark-tag and 
recapture programs have been initiated in the central 
Pacic, the extent of blue shark migration in the central 
Pacic is still unconrmed.

Blue sharks appear to aggregate in loose schools and are 
generally caught more frequently over depths greater than 
3,300 feet. They exhibit daily diving behavior similar to 
that of other pelagic shes and sharks and appear to 
show a fair degree of niche overlap with swordsh. Blue 
sharks are incidentally caught in pelagic longline tuna 
and swordsh sheries in the Pacic and can seasonally 
comprise the largest percentage of the catch in these 
sheries. In recent years, there has been an increase in 
the number of blue sharks taken in the tuna and swordsh 
longline shery in Hawaii, where sharks are “nned” at 
sea, and the ns are then sold to Asian markets. The 
meat is seldom landed and sold at market due its low 
commercial value.

Based on spatial and temporal changes in blue shark 
abundance in the Pacic, it is suspected that the north-
south difference in catch rates of blue sharks is mediated 
by the transition zone. This is the area of water between 
the cooler Aleutian Current and the warmer water from 
the North Pacic Current. This transition zone shifts from 
31° N and 36° N in the winter to 41° N and 36° N in the fall. 

Most of the larger catches of blue sharks have been made 
in or just south of this zone.

Diel movements of blue sharks acoustically tracked off 
southern California and in the North Atlantic indicate that 
adult blue sharks increase their activity at night and make 
shallower dives than during the day. Sharks tracked off 
southern California ventured inshore at night, presumably 
to feed on seasonally available spawning squid. The cycli-
cal diving behavior is thought to serve as a hunting, 
orientation, and/or thermoregulatory function.

Although adult blue sharks are opportunistic feeders and 
prey mainly on small pelagic shes, cephalopods, and 
crustacean, they have also been observed scavenging on 
marine mammal carcasses at sea. Unfortunately, there are 
few data on the diet composition of blue sharks in the 
central Pacic.

Status of the Population

T he size of California’s blue shark stock is unknown. 
Local abundance undergoes major seasonal uctua-

tions with juveniles to three year olds most abundant 
in the coastal waters from early spring to early winter. 
Mature adults are uncommon in coastal waters. 

Fishery-dependent data needed for determining abun-
dance, mortality, etc. are lacking because blue sharks 
are usually discarded at sea and the catch often goes 
undocumented. Local abundance depends on recruitment 
of juveniles and immigration of individuals from Mexico 
and offshore into California waters. Although there are no 
abundance estimates (local or Pacic-wide), some sher-
men and eld biologists speculate that there are fewer 
blue sharks than there were 10 to 20 years ago. The 
combined mortality from recreational anglers, commercial 
set net and drift net sheries, Mexican sheries and for-
eign high seas sheries undoubtedly has the potential 

Commercial Landings 
1916-1999, Blue Shark
Data Source: DFG Catch 
Bulletins and commercial 
landing receipts. All shark 
landings were aggregated 
under the market category 
“unspecified shark”  until 
1977.
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to impact the population and the local blue shark stock 
to an unknown extent. Currently though, all research 
and statistics indicate that blue shark populations within 
California waters remain within healthy levels.

David B. Holts
National Marine Fisheries Service

Carrie Wilson
California Dept. of Fish and Game

Christopher G. Lowe
Dept. of Biological Sciences, California State University 
Long Beach
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California Barracuda
California Barracuda

History of the Fishery

The California barracuda (Sphyraena argentea), also 
known as the Pacic barracuda, has played a signi-

cant role in the growth and development of California’s 
commercial and sport shing industries. Taken primarily 
off southern California and northern Baja California, 
Mexico, barracuda gured prominently in the development 
of the purse seine shery. Additionally, they have long 
been a major component of the southern California sport 
sh catch.

Annual records of commercial barracuda landings date 
back to 1889, but only nine years of intermittent records 
exist through 1915, and these are not specic as to catch 
areas. Commercial landings of barracuda in 1889 were 
0.5 million pounds, and by 1915 they were up to 3.6 mil-
lion pounds. Since 1916, landing records have differenti-
ated barracuda caught in California waters (essentially off 
southern California) from those caught in waters south of 
the international border with Mexico (northern Baja Cali-
fornia). By 1916, The southern California purse seine eet 
consisted of at least seven vessels by 1916. Inuenced by 
the economic impetus of World War I, the commercial bar-
racuda shery grew concurrently with the rapid develop-
ment of the purse seine eet.

Attempts to manage the barracuda shery began in 1915 
with a minimum size limit of 18 inches for hook-and-line 
caught barracuda. Since then, many commercial and sport 
regulations on gear, seasons, weight, size, and bag limits 
have been enacted, modied, or repealed. Today, most 
commercially caught barracuda are taken by gillnets with 
3.5-inch mesh, although some are taken by hook-and-line. 
The minimum size limit is 28 inches. May and June are 
usually the peak months of commercial shing activity 
for barracuda.

Between 1915 and 1970, commercial landings of barracuda 
harvested from California’s nearshore waters averaged 2.1 
million pounds annually, despite a gradual decline in land-
ings since 1925. Landings have remained relatively low 
since 1970, averaging about 113,500 pounds annually. Prior 
to 1926, California barracuda harvested south of the inter-
national border exceeded those catches made in Califor-
nia. Barracuda harvest from Mexican waters remained an 
integral part of the California shery until 1969, averaging 
over one million pounds annually. But over the past 30 
years, landings have been insignicant, averaging only 600 
pounds annually. The major cause for the decline was the 
imposition of increasingly restrictive commercial shing 
regulations by Mexico which became increasingly restric-
tive to California shermen over the years.

In general, commercial barracuda prices are a function 
of supply and demand. Historically, the price paid to 

shermen has been low. In 1999, commercial shermen 
received an average price of $0.70 per pound. 

The popularity of California barracuda as a game sh goes 
back to at least the mid-1920s, as is evident from photo-
graphs and newspaper accounts. However, the California 
Department of Fish and Game (DFG) did not begin collect-
ing records of commercial passenger shing vessel (CPFV) 
sport sh landings until 1936. Records from 1936 through 
1940 reveal that CPFV barracuda landings (in numbers 
of sh) exceeded those of other sport shes, and that 
they often equaled or exceeded commercial landings (in 
weight) for barracuda taken in California waters. Annual 
landings for these ve years averaged about 630,000 sh. 
Records were not kept from 1941 through 1946 due to 
shing restraints during World War II. As interest in marine 
sport shing grew in the post-World War II era, the sport 
take of barracuda greatly exceeded that of the com-
mercial eet in California waters. Between 1946 and 1971, 
CPFV barracuda landings ranged from 87,600 to 1.2 million 
sh, for an overall annual average of 447,000 sh. In 
1971, the current 28-inch minimum size limit for all sport-
caught barracuda became effective, causing an 86 percent 
decline in CPFV barracuda landings from the previous year. 
Since 1971, CPFV landings of barracuda have been increasing, 
ranging between 26,300 and 446,000 sh annually.

The Marine Recreational Fisheries Statistics Survey has 
shown that, on average, 54 percent of the total barracuda 
catch is from CPFVs, 45 percent is from private and 
rental boats, and one percent is from shore. In the late 
1980s, a DFG study determined that roughly 60 percent of 
CPFV-caught barracuda are released (almost all of which 
are less than 28 inches). The study also indicated Los 
Angeles County accounted for 58 percent of the CPFV 
barracuda landings.

Sport anglers, especially aboard CPFVs, usually use live 
anchovies or sardines to sh for barracuda. Anchovies and 
sardines are also used to chum and hold barracuda schools 
close to the boat. Metal or plastic articial lures in a 
variety of shapes and colors are also popular. Sport-caught 
barracuda are taken mainly near the surface. Most shing 
activity occurs from May through September, when surface 
water temperatures range between 62° and 70°F.

California Barracuda, Sphyraena argentea
Credit: DFG
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Status of Biological Knowledge

The California barracuda is a nearshore, epipelagic, 
schooling sh found from Cabo San Lucas, Baja Cali-

fornia to Kodiak Island, Alaska. Catch origins indicate 
the population is centered between San Quentin, Baja 
California and Point Conception, California. During warm 
water oceanic events, such as El Niños, a portion of 
the population may shift northward into central Califor-
nia. Frequently seen at the surface, barracuda have been 
taken at depths of 120 feet.

Growth in length is most rapid during the rst year of 
life. Barracuda reach a total length of 14 inches at one 
year. At two years, they have grown to 20 inches and 
weigh about one pound. However, the maximum growth 
by weight of nearly one pound per year is achieved by 
four- and ve-year-old sh. The minimum size limit of 
28 inches, approximately a three-pound sh, is near the 
average size for a four-year-old. At this age, females are 
about 0.75 inches larger than males, and the difference 
increases to about 2.5 inches in sh over six years old. The 
oldest sh aged was an 11-year-old measuring 41 inches 
and weighing about nine pounds. Larger and presumably 
older sh include the state angling record of 15 pounds 15 
ounces and a 17-pound sh caught off Carpenteria in 1958 
that measured 46.5 inches.

California barracuda produce pelagic eggs and larvae. Fer-
tilization takes place externally as the sexes simultane-
ously release their gametes. At two years, almost all males 
and 75 percent of females are sexually mature. All are 
mature at three years of age. Full sexual maturity occurs 
in males at a length of 20 inches and in females at 
22 inches. In a single spawning, a two-year-old female 
may produce 50,000 eggs, increasing to about 400,000 by 
age six. Individuals may spawn more than once during a 
spawning season. Off southern California, spawning takes 
place from April to September, peaking in June. 

Feeding habits of California barracuda are not well docu-
mented, but some potential prey species can be men-
tioned. During pelagic schooling movements, barracuda 
may feed on other open water schooling shes such as 

northern anchovy, Pacic sardine, Pacic mackerel, jack 
mackerel, and Pacic saury. In association with kelp beds 
or shallow water habitats, they may feed on topsmelt and 
California grunion. Opportunistic feeding on market squid 
made vulnerable during their spawning activity is likely.

Previous references to the predators that feed on Califor-
nia barracuda have listed sea lions, seals, porpoises, and 
giant sea bass. Analyses of the gut contents and scat 
from marine mammals have failed to discover barracuda 
remains. Observations of California sea lions and harbor 
seals opportunistically feeding on barracuda injured or 
entrapped by shing gear are common, but these animals 
more typically feed on the same size prey as adult barra-
cuda. Giant sea bass are more likely predators on juveniles 
and adult barracuda.

California barracuda have an inshore distribution during 
their early life history. Fish a few inches long are observed 
in protected bays and marinas. Larger young-of-the-year 
sh school below the canopy of semi-protected kelp-bed 
habitats. Older juveniles and adults form large schools 
that disperse widely in the open-water environment.

Movements of California barracuda have been studied by 
tagging. Fish tagged during May 1959 at locations off 
northern Baja California and off southern California were 
recovered at intermixed locations, indicating a single pop-
ulation. Movements of up to 100 miles north and south 
occurred during the summer, but a portion of the recover-
ies were at the release sites. However, a general migra-
tion pattern that was distinctly northward during the 
summer and less distinctly southward during the fall was 
indicated. Movements are presumably a response to sea 
temperature, and warm overwintering temperatures off 
southern California reduce the southward return. High 
catch success during spring and summer off southern Cali-
fornia has been correlated with warm sea temperatures 
the preceding winter.

Status of the Population

The status of the California barracuda population 
is unknown, because data concerning catch, shing 

effort, and age composition are scarce. Barracuda catches 
off California are variable for many reasons, one of which 
is that barracuda are migratory with a preference for 
warmer waters. During an El Niño event, when warmer 
than normal water masses move up the coast, barracuda 
are caught far north of their normal range and in greater 
than average numbers off southern California, suggesting 
a higher population level. This was apparent during the 
1957-1959 El Niño event, one of the most intense on 
record. However, during the similarly intense 1982-1983 
and 1997-1998 El Niño events, barracuda catches did not 
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increase appreciably. Assuming shing effort and the per-
centage of the population migrating northward were simi-
lar, the difference suggests that the barracuda population 
was depressed during the latter El Niño periods. Since the 
late 1980s, catches have increased but remain well below 
those reported prior to 1970. This is due to the fact 
sport anglers may no longer keep short barracuda as they 
were allowed to do prior to 1971. Only during one three-
year period, 1958 though 1960, has the number of bar-
racuda off southern California been estimated by the DFG. 
Estimates ranged from 1.6 to 2.9 million sh.

Because of uncontrollable factors such as migration, 
water temperature, and Mexico’s management policies, 
the DFG’s management policies for this species probably 
have a limited effect on its population level. Nevertheless, 
the regulations are intended to reduce the likelihood of 
overshing this valuable resource. 

Management Considerations
See the Management Considerations Appendix A for 
further information.

J.R. Raymond Ally and Ken Miller 
California Department of Fish and Game

Updated by Stephen P. Wertz
California Department of Fish and Game

California Barracuda

1916 1920 1930 1940 1950 1960 1970 1980 1990 1999
0

1

2

3

4
5
6
7
8
9

C
al

if
or

ni
a 

B
ar

ra
cu

da
m

ill
io

ns
 o

f p
ou

nd
s 

la
nd

ed

References
Ally, J.R.R., D.S. Ono, R.B. Read, and M. Wallace. 1991. 
Status of major southern California marine sport sh spe-
cies with management recommendations, based on analy-
ses of catch and size composition data collected on board 
commercial passenger shing vessels from 1985 through 
1987. Calif. Dept. Fish and Game, Mar. Resour. Div., Admin. 
Rep. 90-2. 376 p. 

Orton, G.L.1955. Early developmental stages of the Califor-
nia barracuda, Sphyraena argentea Girard. Calif. Fish and 
Game. 41:167-176.

Pinkas, L. 1966. A management study of the California 
barracuda Sphyraena argentea Girard. Calif. Dept. Fish 
and Game, Fish Bull. 134. 58 p.

Schultze, D.L. 1983. California barracuda life history, sh-
eries, and management. Calif. Coop. Oceanic Fish. Invest. 
Rep. 24:88-96.

Walford, L.A. 1932. The California barracuda Sphyraena 
argentea. Calif. Div. Fish and Game, Fish Bull. 37. 122 p.

Commercial Landings 
1916-1999, 
California Barracuda
Data Source: DFG Catch 
Bulletins and commercial 
landing receipts. 

236



228

CALIFORNIA DEPARTMENT OF FISH AND GAME
December 2001

California’s Marine Living Resources:
A Status Report

History of the Fishery

The California corbina (Menticirrhus undulatus) is a 
nearshore croaker that is reserved for the recreational 

shery. It has been illegal to take corbina with nets since 
1909, and illegal to buy or sell them since 1915. This 
wary species is a challenge to anglers. Sometimes corbina 
can be seen in small schools, swimming slowly along the 
bottom seeking food. While feeding in this manner, it 
seldom takes bait. The corbina is considered one of the 
most difcult sh to catch in southern California, although 
on occasion it takes an angler’s bait without hesitation. Its 
temperamental behavior, ne ghting qualities, and tasty 
esh make it a popular sport sh.

Corbina can be taken throughout the year, but shing is 
best in summer and early fall. Most corbina are caught 
along sandy surf-swept beaches, but they are also taken 
from piers and jetties; anglers on private and rental 
boats, and commercial passenger shing vessels seldom 
take them. A 1965-1966 survey estimated that 30,000 
corbina were taken by southern California shore anglers 
along the open coast, making it the third most abundant 
species accounting for 13 percent of the surf-angler’s 
creel. Anglers use conventional, spinning, and y-shing 
gear. The best baits are soft-shelled sand crabs, mussels, 
bloodworms, and clams.

The annual number of corbina caught by anglers has 
been quite variable. Marine Recreational Fishery Statistics 
Survey annual catch-estimates for 1980 through 1998 
ranged between 17,000 and 75,000 sh; the average was 
44,600. Annual catch estimates were much lower in the 
1990s than during the 1980s; however, catches-per-unit-
effort were similar.

California Corbina
Status of Biological Knowledge

The California corbina is a slender croaker with a gray 
to bluish back and a white attened belly.  It has a 

short, stiff chin barbel and may have wavy oblique lines 
on its sides. The corbina ranges from Point Conception, 
California to the Gulf of California. It is found along sandy 
beaches and shallow bays to depths of 45 feet, but is most 
common in about six feet of water. It is usually found in 
small groups of several individuals, with larger sh being 
more solitary. 

Corbina can grow to 30 inches and weigh 8.5 pounds; a 
veried specimen measuring 28 inches and weighing seven 
pounds, four ounces was caught in 1955. Females grow 
faster than males, especially after two years, and reach 
a larger size. A three-year-old female is about 15 inches 
whereas a three-year-old male is about 13 inches. Appar-
ently, corbina residing in bays grow much faster than 
those on the open coast. A 23-inch female corbina caught 
on the open coast was eleven years old, whereas similarly 
sized females from the bay were aged at six years. More 
than 50 percent of females are mature at 12 inches (two 
years) and all are mature at 15 inches (three years). Males 
mature at about 10 inches (two years). The spawning 
season is from May through September and is heaviest 
from June through August. Spawning apparently takes 
place offshore, since running-ripe sh are not often found 
in the surf zone; eggs are pelagic. Small (1.5 to 3 inches) 
corbina have been captured inside the surf zone to 30 
feet of water.

The corbina feeds predominantly on benthic organisms. 
Individuals may be seen feeding in the surf, at times in 
water so shallow their backs are exposed. They scoop up 
mouthfuls of sand and separate out food by pumping sand 
through their gill openings. The diet of juveniles consists 
of clam siphons and small crustaceans. As they grow, they 
consume larger parts of clams and sand crabs. 

Limited tagging studies indicate that the corbina does 
not move around much; it has no discernible migratory 
pattern. The greatest distance traveled was 51 miles.

California Corbina, Menticirrhus undulatus
Credit: DFG
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Status of the Population

Population size, recruitment, and mortality of California 
corbina are unknown. Beach seine hauls along the 

open coast from 1994 through 1997 yielded slightly lower 
but similar numbers of corbina to those obtained during a 
similar study from 1953 through 1956. In addition, similar 
angler catch-per-unit efforts during the 1980s and 1990s 
indicate that the population is sustaining itself under pres-
ent recreational harvest levels. 

Management Considerations
See the Management Considerations Appendix A for 
further information.

Charles F. Valle and Malcolm S. Oliphant (retired)
California Department of Fish and Game
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California 
Spiny Lobster

History of the Fishery

Since the late 1800s, there has been a commercial sh-
ery for California spiny lobster (Panulirus interruptus) 

in southern California. Commercial shermen use box-like 
traps constructed of heavy wire mesh to capture spiny 
lobsters. Traps of other materials, such as plastic, are 
allowed, but wire traps remain the most popular. About 
100 to 300 traps per sherman is common, but some sh 
as many as 500 at the peak of the season. The traps are 
baited with whole or cut sh and weighted with bricks, 
cement, or steel. They are shed on the bottom, and 
each trap is marked with a buoy bearing the sherman’s 
license number followed by the letter P. High-speed boats 
in the 20 to 40-foot size range are popular in this shery, 
but everything from 15-foot skiffs to 50-foot shing boats 
are used. Most trap boats are equipped with a davit and 
hydraulics to assist in pulling the traps.

Commercial lobster shing occurs in shallow, rocky areas 
from Point Conception to the Mexican border and off the 
islands and banks (such as Cortes and Tanner banks) of 
southern California. Some marine life refuges and reserves 
are closed to the take of lobster, as are areas in Santa 
Monica and Newport Bays and at Santa Catalina Island. 
Sophisticated electronic equipment enables trappers to 
nd suitable lobster habitat and relocate their traps there. 
Traps are shed along depth contours in waters less than 
100 feet, or clustered around rocky outcrops on the 
bottom. At the beginning of the season the traps are 
usually very close to shore. By the end of the season they 
are in 100 to 300 feet of water. 

Seasonal landings in the 200,000 to 400,000 pound range 
rose following World War II and peaked in the 1949-1950 
season, with a record 1.05 million pounds landed. A gen-
eral decline followed for the next 25 years, reaching a 

low of 152,000 pounds in the 1974-1975 season. Landings 
started back up the next season, but remained between 
400,000 and 500,000 pounds for nine consecutive seasons 
from 1979-1980 to 1987-1988. The next nine years the 
landings ranged from 600,000 to 800,000 pounds with 
a peak of 950,000 in the 1997-1998 season. Landings 
dropped back down after that. The peaks and valleys that 
have characterized this shery are not unexpected in a 
shery that is strongly inuenced by the weather, El Niño 
and La Niña events, and the export market.

About 90 percent of the legal lobsters taken in the com-
mercial shery weigh between 1.25 and 2.0 pounds, which 
produces the size of tail desired for the restaurant trade. 
Most of the harvest in recent years has been exported 
to Asian countries and France. However, depressed econo-
mies overseas have resulted in an effort to re-establish 
domestic markets. The price paid to the sherman is in 
the range of $6.75 to $8 a pound. The largest portion of 
the commercial and sport harvest is always taken during 
the rst month of the season, October, which also is the 
highest month of trapping effort. The effort and catch 
drop off sharply in January through the middle of March 
(the season’s end). San Diego County, being the most 
central to the spiny lobster’s range, usually produces the 
highest landings, followed by Los Angeles/Orange, and 
Santa Barbara/Ventura counties.

Commercial and recreational lobster shermen are 
restricted to a minimum size limit of 3 1/4 inches carapace 
length (CL). Historically, the season for both has run from 
early October to mid-March. Since 1992, the sport season 
has opened the weekend before the rst Wednesday in 
October, the ofcial commercial season opener. Com-
mercial sh traps, including lobster traps, must have a 
destruct-device of a type approved by the Department of 
Fish and Game. This is to ensure that lost or abandoned 
traps do not continue to capture marine life indenitely. 
Since the 1976-1977 season, it has been required that 
lobster traps be tted with rectangular escape ports (2 
3/8 by 11 1/2 inches) to minimize the retention of undersized 
lobsters. This requirement has been credited with reversing 
the long downward trend in landings previous to that.

A formal commercial restricted access program was initi-
ated in April of 1997. All lobster shermen are required 
to have an operator permit ($285). Deckhands that assist 
them must have a lobster crewmember permit ($125).

Recreational harvesters need a valid sport shing license 
with an ocean enhancement stamp, and may use hoop 
nets or bare (gloved) hands when skin or scuba diving 
for lobster. No appliance, such as a sh spear or a short 
hooked pole, may be used to snag the animals from deep 
crevices or caves. The daily bag limit for sport shing is 
seven lobsters, reduced from 10 in 1971.

California Spiny Lobster, Panulirus interruptus
Credit: DFG
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California Spiny Lobster

Status of Biological Knowledge

The California spiny lobster ranges from Monterey Bay, 
California to Manzanillo, Mexico. There is also a small, 

isolated population of this species at the northwestern 
end of the Gulf of California. The majority of the pop-
ulation is found between Point Conception, California 
and Magdalena Bay, Baja California. Adult lobsters usually 
inhabit rocky areas from the intertidal zone to depths of 
240 feet or more. 

Spiny lobsters mate from November through May. The 
male attaches a putty-like packet of sperm, called a sper-
matophore, to the underside of the female’s carapace. 
When the female releases her eggs, she uses the small 
claws at the end of her last (fth) pair of walking legs to 
open the spermatophore and fertilize the eggs with the 
sperm inside the packet. Fertilized eggs are attached to 
the underside of the female’s tail primarily in May and 
June. “Berried” females are generally in water less than 
30 feet deep and carry their eggs for about 10 weeks. The 
larger the size of the female, the more eggs she produces. 
Females sampled at San Clemente Island carried between 
120,000 (2.6 inches CL) and 680,000 (3.6 inches CL) eggs. 

Spiny lobster eggs hatch into tiny, transparent larvae 
known as phyllosomas that go through 12 molts. They have 
attened bodies and spider like legs, and drift with the 
prevailing currents feeding on other planktonic animals. 
They may drift offshore out to 350 miles, and may be 
found from the surface to a depth of over 400 feet. After 
ve to nine months, the phyllosoma transforms into the 
puerulus or juvenile stage. The puerulus is still transpar-
ent, but now looks like a miniature adult with extremely 
long antennae. The puerulus actively swims inshore where 
it settles to the bottom in shallow water and starts to 
grow if the habitat is suitable. 

The spiny lobster’s outer shell serves as its skeleton, and 
is referred to as an exoskeleton. To grow, a lobster must 

shed its exoskeleton. This process of molting is preceded 
by the formation of a new, soft shell under the old one. An 
uptake of water expands the new shell before it hardens. 
Lobsters are vulnerable to predation and physical damage 
right after they molt, until their new shell hardens. 

Molt rates for the California spiny lobster are assumed 
to be similar to those of the Japanese spiny lobster. A 
0.24-inch CL specimen goes through 20 molts to reach 1.18 
inches CL at the end of its rst year. Four molts during 
the second year will result in a carapace length of two 
inches, and there are three molts in the third year. It 
takes a lobster from seven to 11 years to reach a legal size 
of 3.25 inches CL. Spiny lobsters molt annually, following 
the reproductive period, once they reach 2.5 inches CL. 
Growth rates, or the period between molts, are highly 
variable. They have been correlated with food availability, 
size, and sex. The larger an animal, the slower it grows. 
Injuries or disease will often result in a slowing or complete 
cessation of growth until the injury has been repaired. 

Juvenile lobsters usually spend their rst two years in 
nearshore surf grass beds. Sub-adults have also been 
found in shallow rocky crevices and mussel beds. Adult 
lobsters are found in rocky habitat, although they also 
will search sandy areas for food. During the day, spiny 
lobsters usually reside in a crevice or hole, dubbed a den. 
More than one lobster is usually found in a den. At night, 
the animals leave their dens to search for a wide range 
of food. Adult lobsters are omnivorous and sometimes 
carnivorous. They consume algae and a wide variety of 
marine invertebrates such as snails, mussels, sea urchins, 
and clams as well as sh, and injured or newly molted 
lobsters. Lobsters are eaten by sheephead, cabezon, kelp 
bass, octopuses, California moray eels, horn sharks, leop-
ard sharks, rockshes and giant sea bass.

A large portion of the spiny lobster population makes 
an annual offshore-onshore migration that is stimulated 
by changes in water temperature. During winter months, 
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male and female lobsters are found offshore at depths 
of 50 feet and deeper, although individuals of both sexes 
have also been found in shallow water in winter. In late 
March, April, and May, lobsters move into warmer onshore 
waters less than 30 feet. The higher temperatures on 
shore shorten the development time for lobster eggs. 
Nearshore waters also have a more plentiful supply of 
food. In late October and November, the onshore waters 
cool, and most lobsters move offshore. Winter storms that 
cause increased wave action in shallow water encourage 
this movement. Lobsters generally move after dark and in 
small groups across the sand.

California spiny lobsters of both sexes reach maturity at 
ve or six years and 2.5 inches CL. After maturity, male 
lobsters grow faster, live longer, and reach larger sizes 
than the females. Males can live up to 30 years, and 
females at least 20 years. There are records of male Cali-
fornia spiny lobster weighing over 26 pounds and attaining 
lengths up to three feet. Today, lobsters over ve pounds 
are considered trophy-size. Trophy-size animals are usually 
taken by recreational divers.

Status of the Population

Population size is unknown for the California spiny lob-
ster. Commercial landings have uctuated through the 

years and are inuenced by some factors that are inde-
pendent of the health of the population. 

The closed season protects egg-carrying and molting 
female lobsters. The size limit ensures that there will be 
several year classes of broodstock, even if all legal-size 
lobsters are caught each season. The escape port has 
been effective in reducing the capture and handling of 
juvenile lobster. An illegal market has always existed for 
“shorts” (undersized lobsters). Public education and ade-
quate warden enforcement are key elements in reducing 
this problem.

The Department of Fish and Game has had a commercial 
logbook system in place since 1973. Catch effort, the 
numbers of legal and short lobsters taken, number of 
traps shed, and depths where the traps are shed are 
required information on the logs. The presence of shorts is 
generally a good indicator of a healthy shery. 

Management Considerations
See the Management Considerations Appendix A for 
further information.

Kristine C. Barsky
California Department of Fish and Game
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Giant Sea Bass
History of the Fishery

Because giant sea bass (Stereolepis gigas) grow slowly 
and mature at a relatively old age, they are suscep-

tible to overshing. As a consequence, they have suffered 
a serious decline in numbers. Commercial landings from 
U.S. waters peaked in 1932 near 200,000 pounds before 
declining. Mexican waters were more productive (peaking 
at over 800,000 pounds in 1932) and did not permanently 
sink below 200,000 pounds until 1964. A few hook-and-line 
shermen targeted giant sea bass, but they were 
also caught incidentally by gillnets set for halibut and 
white seabass. 

Recreational landings, reported in numbers of sh rather 
than pounds, show a similar trend of peaking and perma-
nently declining. The peak in California landings occurred 
in 1963 while Mexican landings peaked in 1973. That these 
recreational sheries peaked after the commercial shery 
is due to the later development of the recreational shery 
rather than a reection of the giant sea bass population. A 
few boats developed a special recreational shery target-
ing spawning aggregations during the summer months. 
Trips made in July to certain reefs between Point Abreojos 
and Magdalena Bay, Baja California, consistently produced 
70 to 100 giant sea bass. One trip produced 255 in three 
days. Once these aggregations were exploited the shery 
disappeared with the sh.

In 1981, a law was passed that prohibited the take of 
giant sea bass for any purpose, with the exception that 
commercial shermen could retain and sell two sh per 
trip if caught incidentally in a gillnet or trammel net. This 
law also limited the amount of giant sea bass that could be 
taken in Mexican waters and landed in California. A vessel 
could land up to 1,000 pounds of Mexican giant sea bass 
per trip but could not land more than 3,000 pounds in a 
calendar year. The law was amended in 1988, reducing the 
incidental take to one sh in California waters. Although 
this law may have prevented commercial shermen from 
selling giant sea bass in California, it did not prohibit 
shing over habitats occupied by this species and probably 
did little to reduce the incidental mortality of giant sea 
bass, as giant sea bass that were entangled in the nets 
were discarded at sea. The 1981 rule changes were more 
effective in protecting giant sea bass in Mexico, since 
large landings had been historically made by hook-and-line 
shermen targeting grouper, cabrilla, and giant sea bass 
off the Pacic coast of Baja California. The banning of 
inshore gillnets displaced the California shery from the 
majority of areas inhabited by giant sea bass; it is reason-
able to assume that this closure signicantly reduced the 
incidental mortality of giant sea bass in California.

Status of Biological Knowledge

Although this species is most frequently referred to 
as black seabass in California, the American Fisheries 

Society has designated the common name as giant sea 
bass. Black seabass is an unrelated Atlantic coast species. 
Giant sea bass were originally assigned to the grouper 
family, Serranidae, but later placed in a new family, 
Percichthyidae. Although family placement has still not 
been resolved, similarities between larvae of wreckshes 
and giant sea bass seem to support placement in the 
family Polyprionidae.

Small juveniles are bright orange with large black spots. 
As they grow they lose the orange coloration and take on a 
bronzy purple color. The spots slowly fade as the sh gets 
larger and darker, with large adults appearing solid black 
to gray with a white underside. Giant sea bass are capable 
of rapid and dramatic color changes. Large sh retain the 
ability to display large black spots, can take on a bicolor 
appearance (light below, dark above), white mottling, jet-
black or light gray. As implied by the name, the most 
dramatic feature of giant sea bass is their large size. The 
International Game Fish Association world record for this 
species is 563.5 pounds, caught at Anacapa Island in 1968. 
Giant sea bass reach lengths in excess of seven feet, and 
are nearly as big around as they are long.

Despite the conspicuous size and protected status of giant 
sea bass, there are no published scientic studies to pro-
vide details of the biology and habits of this creature. In 
the eastern Pacic, giant sea bass range from Humboldt 
Bay to the tip of Baja California, and occur in the northern 
half of the Gulf of California. Some authors have stated 
that this species is also found along the coast of northern 
Japan and the Sea of Japan, but this may be a case 
of mistaken identity. Within California it is rarely found 
north of Point Conception. Adult giant sea bass seem to 
prefer the edges of nearshore rocky reefs. These reefs 
are relatively shallow (35 to 130 feet) and often support 
thriving kelp beds. Although the kelp may disappear due 
to a strong El Niño or overgrazing by sea urchins, giant 
sea bass remain at the reef. At certain times of the year, 

Giant Sea Bass, Stereolepis gigas
Credit: DFG

Giant Sea Bass
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Giant Sea Bass

adults can be found well away from the reef foraging for 
squid over a sandy bottom. 

The orange juvenile phase has been reported among drift-
ing kelp scattered over the bottom in 20 to 35 feet of 
water, over the soft muddy bottom outside of the Long 
Beach breakwater, and over at sandy bottom in Santa 
Monica Bay. Larger juveniles up to 31 pounds have been 

found over at sandy bottom and are sometimes caught 
over deep ridges (230-265 feet) off the coast of Del Mar by 
anglers targeting rocksh.

Given their depressed population and protected status, 
it is unlikely an aging study of giant sea bass will be 
completed in the near future. Although aging data are 
sparse, it is safe to say these sh grow slowly and live a 
long time. Estimated growth-rates are six years to reach 
30 pounds, 10 years to reach 100 pounds, and 15 years to 
reach 150 pounds.

Spawning has never been observed in nature, but gonad 
examinations suggest that it occurs between July and 
September. Male sh have been observed to be mature 
at 40 pounds, and females at 50 to 60 pounds. Anecdotal 
information suggests that giant sea bass aggregate at spe-
cic locations and times to spawn. Because of the large 
size of this species, females are capable of producing 
enormous numbers of eggs. The ovaries of a 320-pound 
specimen contained an estimated 60 million eggs. Fertile, 
hydrated giant sea bass eggs are relatively large for a 
marine species, measuring about 0.06 inch in diameter. 
The eggs oat to the surface and hatch in about 24 to 36 
hours. The larvae drift and feed in the plankton for about 
a month before settling to the bottom and beginning their 
lives as juveniles. Giant sea bass have spawned in captivity 
several times, most recently at the Long Beach Aquarium 
of the Pacic where a single pair spawned in two succes-
sive years, nearly weekly beginning in June and ending in 
August or September.

Examinations of sh caught in Mexico indicate that the 
principal prey items are sting rays, skates, lobster, crabs, 
various atsh, small sharks, mantis shrimp and an occa-
sional kelpbass or barred sandbass. Earlier analyses found 
blacksmith, ocean whitesh, red crab, sargo, sheephead, 
octopus and squid. Giant sea bass are not built for speed, 
and the majority of their prey consists of organisms that 
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live on the bottom. The vacuum produced when the huge 
mouth is rapidly opened draws such organisms into their 
mouth. Giant sea bass themselves are eaten by a variety 
of shes and marine mammals when they are small. In 
addition to humans, large sharks prey on adults.

Except for the short period of time they spend as plank-
tonic larvae, giant sea bass live in close association with 
the bottom. This way of life may become a problem for 
this species. The sediments along the coast of southern 
California carry high loads of toxins. In fact, an area off 
the Palos Verdes peninsula is thought to contain higher 
levels of DDE (a breakdown product of DDT) than any-
where else in the world’s oceans. PCB is another pollutant 
that is prevalent along the coast of southern California. 
Many forms of invertebrates live in these sediments, 
ingesting the pollutants along with the organic material 
they feed on to survive. These organisms occupy very 
low trophic levels, and the toxins are passed up the food 
chain in increasing concentrations. Long-lived, top level 
predators accumulate the highest levels of toxins. Giant 
sea bass caught in southern California have been found to 
have high body burdens of DDE and PCB. Fish collected 
200 miles south of the Mexican border were found to be 
free of toxins. Thus, California populations of giant sea 
bass may suffer from more than just overshing. These 
two toxins have been found to affect reproduction in 
other species of sh, as well as in amphibians, reptiles, 
and birds.

It is presumed that giant sea bass migrate to specic sites 
to spawn. This was almost certainly the case prior to 
the exploitation of the spawning aggregations, but it is 
not known how far individuals traveled to participate in 
the aggregation, or whether these migrations take place 
today. The process of site selection for spawning aggrega-
tions is not well understood, but experimental manipula-
tion of small aggregating reef species suggests that once 
a site is selected young sh learn its location from older 
sh. In this way, the same traditional spawning aggrega-
tion sites are used by subsequent generations of sh. 
Once the learning cycle has been broken it is not known 
how a new (or the same) spawning aggregation may form. 
The population may have to reach a particular density 
before the process of forming annual spawning aggrega-
tions becomes a possibility. Giant sea bass have been 
found in groups year round at a few locations in southern 
California. Although anglers that come across these areas 
and hook several giant sea bass in one day may be led to 
believe that this species is thriving, giant sea bass remain 
absent from the vast majority of our coast. It is likely that 
the sh are gregarious, and after heavy exploitation, the 
population has collapsed to a very few focal points where 
they can be found in healthy numbers.

Status of the Population

The California population of giant sea bass is well below 
historical highs. Anecdotal information suggests that 

numbers may be beginning to rebound under current mea-
sures. No hard data exist that provide actual or relative 
numbers of giant sea bass.

Management Considerations
See the Management Considerations Appendix A for 
further information.

Michael L. Domeier
Peger Institute of Environmental Science
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Grunion
History of the Fishery

The commercial use of grunion (Leuresthes tenuis) is 
very limited, this species forming a minor portion 

of the commercial “smelt” catch. Grunion are taken inci-
dentally in bait nets and other round haul nets, and 
limited quantities are used as live bait. In recent years, no 
commercial landings have been reported. However, since 
grunion usually are taken with other small sh and are not 
separated out, catch records would not show any landings.

The grunion’s principal value is as the object of a 
unique recreational shery. These sh are famous for their 
spawning habits, which are so remarkable as to arouse an 
“I don’t believe it” response from a person hearing about 
them for the rst time. They are the only species of sh 
in California to actually leave the water to spawn in wet 
sand on beaches. They are subjects of widespread popular 
interest, bringing thousands of people to beaches during 
night high tides in spring and summer months to catch the 
sh or just to observe them. Grunion hunting has become 
one of the famous sports of southern California. As the 
sh leave the water to deposit their eggs, they may be 
picked up while they are briey stranded. Racing for sh 
spotted far down the beach and clutching for the small 
bits of slippery, wriggling energy provide an exhilarating 
time for young and old alike. The attraction provided by 
grunion can only be realized when one sees the numbers 
of people lining the more popular beaches in the Los 
Angeles area on the night of a predicted run. Often there 
seem to be more people than sh, but at other times, 
everyone catches sh.

In the 1920s, the recreational shery was showing denite 
signs of depletion, and a regulation was passed in 1927 
establishing a closed season of three months, April 
through June. The shery improved, and in 1947, the 
closure was shortened to April through May. Grunion may 
be taken by sport shermen using their hands only. No 
appliances of any kind may be used to catch grunion, 

and no holes may be dug in the beach to entrap them. 
Anglers sixteen years of age and older must posses a valid 
sport shing license. Grunion may be taken June 1 through 
March 31. There is no bag limit for grunion.

Status of Biological Knowledge

The grunion is now classied in the family of New World 
silversides, Atherinopsidae, along with the jacksmelt 

and topsmelt in California. They are small, slender sh 
with bluish green backs, silvery sides and bellies. Silver-
sides differ from true smelts, family Osmeridae, in that 
they lack the trout-like adipose n. They normally occur 
from Point Conception, California, to Point Abreojos, Baja 
California. They are rarely found from San Francisco on 
the north to San Juanico Bay, Baja California, on the 
south. They inhabit the nearshore waters from the surf 
to a depth of 60 feet. A description of their essential 
habitat would be the surf zone off sandy beaches. Marking 
experiments indicate that they are nonmigratory.

Young grunion grow very rapidly and are about ve inches 
long by the time they are one year old and ready to 
spawn. Grunion adults normally range in size from ve to 
six inches with a maximum size recorded at 7.5 inches. 
Average body lengths for males and females respectively 
are 4.5 and 5.0 inches at the end of one year, 5.5 and 5.8 
inches at the end of two years, and 5.9 to 6.3 inches at the 
end of three years. The normal life span is two or three 
years, but individuals four years old have been found. The 
growth rate slows after the rst spawning and stops com-
pletely during the spawning season. Consequently, adult 
sh grow only during the fall and winter. This growth rate 
variation causes annuli to form on the scales, which have 
been used for aging purposes.

Grunion spawn at night on the beach, from two to six 
nights after the full and new moon, beginning a little 
after high tide and continuing for several hours. As a wave 
breaks on the beach, the grunion swim as far up the slope 
as possible. The female arches her body, keeping her head 
up, and excavates the semi-uid sand with her tail. As her 
tail sinks, the female twists her body and digs tail rst 
until she is buried up to her pectoral ns. After the female 
is in the nest, up to eight males attempt to mate with her 
by curving around the female and releasing their milt as 
she deposits her eggs about four inches below the surface. 
After spawning, the males immediately retreat toward the 
ocean. The milt ows down the female’s body until it 
reaches the eggs and fertilizes them. The female twists 
free and returns to the sea with the next wave. The whole 
event can happen in 30 seconds, but some sh remain on 
the beach for several minutes. 

Grunion, Leuresthes tenuis
Credit: Mike Brock
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Spawning may continue from March through August, 
with possibly an occasional extension into February and 
September. However, peak spawning is from late March 
through early June. Once mature, an individual may spawn 
during successive spawning periods at about 15-day inter-
vals. Most females spawn about six times during the 
season. Counts of maturing ova to be laid at one spawning 
ranged from about 1,600 to about 3,600, with the larger 
females producing more eggs.

The eggs incubate a few inches deep in the sand above 
the level of subsequent waves. They are not immersed in 
seawater, but are kept moist by the residual water in the 
sand. While incubating, they are subject to predation by 
shore birds and sand-dwelling invertebrates. Under normal 
conditions, they do not have an opportunity to hatch until 
the next tide series high enough to reach them, in 10 or 
more days. Grunion eggs can extend incubation and delay 
hatching if tides do not reach them, for an additional four 
weeks after this initial hatching time. Most of the eggs 
will hatch in 10 days if provided with the seawater and 
agitation of the rising surf. The mechanical action of the 
waves is the environmental trigger for hatching, and the 
rapidity of hatch, in less than one minute, indicates that 
it is probably not an enzymatic function of softening 
the chorion, as in some other shes. One can witness 
the spectacle of grunion eggs hatching. If you gather a 
cluster of eggs after a grunion run, keep them in a loosely 
covered container of damp sand in a cool spot. After 10 
to 15 days, place some in a jar of seawater shaken briey, 
and they will hatch before your eyes in a few minutes. 

Grunion food habits are not known. They have no teeth, 
and feed on very small organisms, such as plankton. In a 
laboratory setting, grunion eat live brine shrimp. Humans, 
larger sh, and other animals prey upon grunion. An 
isopod, two species of ies, sandworms, and a 
beetle have been found preying on the eggs. Some 
shorebirds such as egrets and herons prey on grunion 
when the sh are on shore during spawning. The 
reduction of spawning habitat, due to beach erosion, 
harbor construction, and pollution is probably the 
most critical problem facing the grunion resource.

Status of the Population

Despite local concentrations, the grunion is not an 
abundant species. While the population size is not 

known, all research points to a rather restricted resource 
that is adequately maintained at current harvest rates 
under existing regulations.

Management Considerations
See the Management Considerations Appendix A for 
further information.

Paul A. Gregory
California Department of Fish and Game
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History of the Fishery

The commercial catch of opaleye (Girella nigricans) and 
halfmoon (Medialuna californiensis) has been small. 

Neither of these species is part of a designated shery but 
both appear regularly as incidental catch in commercial 
and recreational sheries.

During the 40 years prior to 1990, the average catch of 
halfmoon has been 16,714 pounds, with a high of 50,007 in 
1956. Recently, catches have been well below this mean, 
with a peak in 1989 of 5,204 pounds. The mean catch 
of opaleye in the 43 recorded years prior to 1990 was 
4,748 pounds with a high of 23,688 pounds in 1973. The 
mean catch for the last 10 years is 2,709, with very small 
catches recorded since 1995. Interestingly, a small number 
of halfmoon and opaleye are entering the live sh market. 
The 1999 landings of opaleye were largely live sh (616 
pounds) and the price for the catch is now up to $1.37 
per pound. Neither species was recorded in large numbers 
in the California Department of Fish and Game’s gill and 
trammel net study, although the opaleye was at one time 
a bycatch of nearshore purse seiners.

CPFV landings of opaleye are low, averaging 679 sh per 
year since 1990. By contrast, CPFV catches of halfmoon 
have averaged over 50,000 sh per year. 1998 was an 
extremely poor year for catches of these species, yielding 
only eight percent and 16 percent of the average catch 
of opaleye and halfmoon respectively. In the last reported 
survey of pier and jetty shing (1965-1966), both species 
were abundant and it is likely they remain an important 
part of that shery today.

Status of Biological Knowledge

As herbivores, the members of the sea chub family, 
Kyphosidae, play an important role in kelp forest com-

munities. They regulate kelp growth, and on occasion may 
overgraze, causing damage to newly transplanted or iso-
lated kelp plants or small kelp beds. The opaleye reaches 
a length of 26 inches and a weight of 16 pounds, while 
the halfmoon reaches 19 inches and 5 pounds. Kyphosids 
have small mouths with a single prominent row of blade-
like, incisor teeth that are used for cutting vegetation. 
The opaleye is olive green with two light spots under the 
mid-dorsal. The halfmoon is blue to blue-gray, sometimes 
with a lateral white stripe, and the spinous dorsal n is 
much lower than the soft dorsal. Both species range from 
central California to Baja California. While the opaleye is 
more common north of Point Conception, the halfmoon 
extends its range to the south into the Gulf of California. 
Both reach a depth of a little over 100 feet.

Larvae of both species are pelagic and are followed by 
a pelagic juvenile schooling stage, which appears in the 

Opaleye and Halfmoon
nearshore environment. Larval distributions mirror the 
adults latitudinally, with the larval stages distributed pri-
marily in the neuston. CalCOFI data indicate that halfmoon 
larvae are occasionally taken well off shore, while most 
opaleye larvae are taken within 70 miles of the coast. 
Young opaleye leave the pelagic environment and enter 
the intertidal when they are about an inch long. They are 
found in relatively high tide pools preferring warm water 
(>75º F), and feed largely on small invertebrates. As they 
grow to a size of three to six inches, the young leave 
the pools and form small schools in the shallow subtidal, 
eventually changing their diet to include primarily algae. 
Adults browse in the kelp bed on kelp and other algae, 
often moving in medium sized schools. Young halfmoon 
stay in the shallow subtidal and kelp bed habitat occupy-
ing the same position as the adults. Juvenile opaleye 
have been reported to clean parasites from other sh on 
occasion.

Status of the Population

The abundance of opaleye and halfmoon, and their 
status as incidental catch rather than as targeted spe-

cies, makes it unlikely that either the sport or commercial 
sheries will have an effect on the populations. Data 
gathered in southern California since 1974 at Palos Verdes 
and King Harbor show no population trends and suggest 
both species are stable with regular recruitment.

John Stephens
Occidental College (retired)

O
paleye and H

alfm
oon

Opaleye, Girella nigricans
 Credit: DFG
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in the annual landings of sole. Turbot landings averaged 
about 47,000 pounds per year from 1953 to 1999, with 
a peak of 176,000 pounds in 1954, and another good 
year occurring in 1959 (129,000 pounds). Since 1964 there 
has been an overall general decline in commercial turbot 
landings. Landings in 1999 were approximately 8,000 
pounds, the lowest since 1953. Pacic halibut contributed 
heavily to the minor atsh shery prior to the mid-1950s. 
The last good year for Pacic halibut landings was 1952, 
when 242,600 pounds were landed. Landings then began 
a rapid downward trend. From 1969 to 1988, no landings 
were recorded, except for three years: 1971, 1972, and 
1986 (25, 235, and 34,500 pounds, respectively). From 
1989 to 1999, landings did increase somewhat, averaging 
approximately 4,600 pounds per year.

Most of the incidental atsh are taken by otter trawls. 
The exception is Pacic halibut, where set longline is the 
dominant gear used. Trammel nets are used to catch 
some atsh in central and southern California waters, 
and many small-boat commercial shermen use hook-and-
line. Recreational anglers occasionally catch soles or tur-
bots while shing for sanddabs, starry ounder, or Califor-
nia halibut. Diamond turbots are sought by recreational 
anglers in quiet coastal waters, bays, and sloughs.

Status of Biological Knowledge

In general, atsh spawn during late winter and early 
spring. Arrowtooth ounder, however, spawn as late as 

August in the southeast Bering Sea and Gulf of Alaska, 
where the greatest concentrations of this species are 
found. The larvae are pelagic and undergo metamorphosis 
to the adult form. After atsh settle on the bottom, 
they eat small crustaceans, polychaetes, and mollusks. As 
they grow, they eat larger food forms of the same groups. 
Some, such as sand sole, arrowtooth ounder, and Pacic 
halibut, include sh in their diet.

Other Flatfishes
History of The Fishery

Several atsh species are taken incidentally in com-
mercial groundsh sheries. These include the rock 

sole (Pleuronectes bilineatus), butter sole (Pleuronectes 
isolepis), fantail sole (Xystreurys liolepis), sand sole (Pset-
tichthys melanostictus), slender sole (Eopsetta exilis), 
bigmouth sole (Hippoglossina stomata), California tongue-
sh (Symphurus atricauda), curln turbot (Pleuronichthys 
decurrens), hornyhead turbot (Pleuronichthys verticalis), 
spotted turbot (Pleuronichthys ritteri), C-O turbot (Pleu-
ronichthys coenosus), diamond turbot (Hypsopsetta gut-
tulata), arrowtooth ounder (Atheresthes stomias), and 
Pacic halibut (Hippoglossus stenolepis). Some of these, 
notably the Pacic halibut, diamond turbot, and rock sole, 
are taken by recreational anglers as well, but most are 
caught primarily by commercial boats. Arrowtooth oun-
der and Pacic halibut are considered as minor atshes 
in California atsh sheries because they are landed 
in relatively small quantities. However, both species are 
major components in the atsh sheries in northern 
waters from Oregon to Alaska.

Landings of most of these atshes are difcult to extract 
from landings data for the early years (beginning in 1916), 
because many were combined with other categories of 
atsh. For example, prior to 1931 turbots were included 
with soles. Also, some species such as Pacic halibut are 
included in California landings, even though most were 
landed elsewhere and shipped to California ports. Starting 
in the early 1950s, some of these atsh landings, primar-
ily arrowtooth ounder (1950) and soles (1953), were listed 
separately in the catch data.

Generally, incidental atsh catches have contributed 
only a small amount to the annual statewide commercial 
landings. From 1953 to 1999, these annual atsh landings 
averaged about 0.1 percent of the total statewide land-
ings. During this period, ounders (mostly arrowtooth 
ounder) comprised 49.2 percent of incidental atsh 
landings, soles 41.2 percent, turbots 8.0 percent, and 
Pacic halibut 1.6 percent. Starting in the 1960s, commer-
cial landings of minor atsh, as a group, have declined, 
although not all species showed this trend.

Since 1950, arrowtooth ounder landings averaged 
278,300 pounds per year with peak years occurring in 1956 
(1,070,700 pounds), 1960 (1,007,700 pounds), and 1961 
(1,100,900 pounds). These high landings were due, in part, 
to the less desirable shes, such as arrowtooth ounder, 
nding a market with the animal food industry, primarily 
as mink food. Arrowtooth ounder no longer is used for 
mink food, but is processed for human consumption. Inci-
dental sole landings since 1953 averaged about 244,000 
pounds per year, with a peak in 1979 when 839,000 pounds 
were landed.  After 1979, there was a general decline Diamond Turbot, Hypsopsetta guttulata

Credit: DFG
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As a group, minor atsh species range from the Gulf of 
California/Baja California to the Bering and Chukchi Seas 
off Alaska. Within this overall range some species are 
quite restricted while others are found throughout most 
of this range. They occur from shallow water to depths in 
excess of 3,000 feet (Pacic halibut).

Status of the Populations

Major uctuations of commercial landings of ounder, 
soles, and turbot have occurred since 1950. Despite 

these uctuations and declining commercial landings that 
started in the 1960s, market sampling and commercial 
landing records indicate that these populations remain 
in good condition and currently are not being over-har-
vested. Arrowtooth ounder stock assessment work con-
ducted in 1993 by the Washington Department of Fisheries 
indicated that the status of the population, at that time, 
was in good condition because there was no decline 
in shery catch-per-unit-effort (CPUE) between 1987 and 
1992 and no trend in triennial bottom trawl survey CPUE 
from 1977 to 1992. Current catch levels remain well below 
the level of acceptable biological catch (ABC) established 

by the Pacic Fishery Management Council (PFMC). The 
densities of arrowtooth ounder are low south of Cape 
Blanco, Oregon. Pacic halibut landings in California have 
declined since the peak years during the 1930s; however, 
the species is considered uncommon in California waters. 
Pacic halibut are monitored extensively by the Interna-
tional Pacic Halibut Commission (IPHC) and recent stock 
assessment analysis indicates that while abundance in 
numbers is still quite high relative to the levels of 1975 or 
1980, the prospect for a decline in the biomass in waters 
north of California is a possibility.

O
ther Flatfishes

Commercial Landings 
1916-1999, 

Arrowtooth Flounder
 Arrowhead 

flounder were aggregated 
under the landing classification 

“unclassified sole” prior 
to 1950. Data Source: DFG 

Catch Bulletins and commercial 
landing receipts.
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Management Considerations
See the Management Considerations Appendix A for 
further information.

Robert Leos
California Department of Fish and Game
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Pacific Bonito

Pacific Bonito
History of the Fishery

The Pacic bonito (Sarda chiliensis) is an economically 
important commercial species from Magdalena Bay 

in southern Baja California, Mexico to Point Conception, 
California, and in most years is ranked as one of 
the top 15 species sought by recreational shermen in 
southern California.

As a result of the expansion of the commercial passenger 
shing vessel (CPFV) industry after World War II, Pacic 
bonito catches by CPFVs increased from 36,500 in 1947 
to over one million sh in 1960. Most of these sh were 
caught between Malibu Beach and the Coronado Islands. 
CPFV logbook landings of bonito remained high during the 
1960s, with more than one million sh taken in 1964, 
1968, and 1969. However, in the 1970s and 1980s, CPFV 
landings dropped and then stabilized with decadal aver-
ages for the 1970s and 1980s at 313,200 and 372,700 sh, 
respectively. In the 1990s, the number of sh taken by 
CPFVs dropped again. Logbook landings ranged between 
2,880 and 263,000 sh with a decadal average of 101,700. 
The 1999 landings were the lowest annual catch on record 
and the decadal average the lowest since the 1940s.

During the 1980s, more then one-half of the bonito catch 
was made from private boats as this method of angling 
became increasingly popular. A similar trend was observed 
in the 1990s with private boats landing between 33 per-
cent and 57 percent of the recreational catch. Private 
boat landings in the 1990s ranged between 1,200 and 
128,400 sh with a decadal average of 49,600. This was 
signicantly lower than the 1980s decadal average of 
560,000 sh. 

Recreational catches can be impacted by the availability 
of other desirable species. In the 1980s and 1990s, highly 
desirable species such as yellown tuna, bluen tuna, 
and albacore occasionally were available in large numbers. 
The reductions in recreational landings of bonito can be 
attributed in part to a shift in targeted effort from bonito 
to these more desirable species.

Changes in regulations can also impact recreational 
catches. In 1982, a 24-inch size limit was imposed on 
bonito. Part of the reduction in sport landings after 1982 
was probably due to this size restriction, but the impact 
of this regulation was probably limited because of a ve 
sh tolerance for undersized bonito that was included 
with the size restriction. 

The bulk of the recreational catch consists of one-year 
bonito approximately 18 inches long. During fall and 
spring migrations, larger two-year sh become available to 
anglers. About ve to 10 percent of the landings consist of 
sh larger then 24 inches.

Pacic bonito is well known for its ghting ability and 
quality as a food sh. Bonito can be caught recreationally 
with live anchovies and sardines or by casting or trolling 
with metal lures and feather jigs. Off California, recre-
ational anglers typically catch bonito year round south 
of Point Conception with the highest catches in summer. 
North of Point Conception, recreational anglers usually 
take bonito during the fall months. 

Bonito are taken commercially by troll gear, gillnets, and 
pole and line gear, but the landings of sh caught by these 
methods usually average less then two percent of the total 
catch. The primary commercial shing gear for bonito 
is the purse seine. The purse seine eet consists of 
two general groups: the local “wetsh” vessels with sh 
load capacities of 30 to 100 tons, and the larger tuna sein-
ers capable of carrying 150 to 500 tons. Wetsh boats har-
vest mackerel and sardines, but seasonally target bonito, 
squid, and bluen tuna. Nearly all of these wetsh seiners 
are based in San Pedro and sh in the Santa Barbara 
and San Pedro Channels. The large tuna seiners, now 
all but absent from California, operate primarily in the 
tropical waters off  Mexico and Central and South Amer-
ica. Although the primary target for these seiners is yel-
lown tuna, these vessels take bonito during their return 
trips to the United States to help compensate for small 
tuna catches.

Off California, commercial shing for bonito occurs year 
round south of Point Conception with the largest catches 
in late summer and early fall. North of Point Conception, 
commercial shing for bonito occurs primarily in the 
summer and fall.

Over the last 80 years, commercial landings of bonito 
have ranged between 127,600 pounds (1956) and 31.9 mil-
lion pounds (1975). During the rst half of the twentieth 
century, landings of bonito gradually increased from about 
500,000 pounds in 1916 to around 10.9 million pounds in 
1941. Landings briey peaked again after World War II, but 
dropped during the 1950s and early 1960s. Landings then 
showed a major upward trend from the mid-1960s through 
the mid-1970s, increasing more than four-fold between 
1965 and 1975. Starting in the late 1970s, this trend 
reversed with landings dropping in the 1980s to a decadal 

Pacific Bonito, Sarda chiliensis
Credit: DFG
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Pacific Bonito

average of eight million pounds (compared to 9.7 million 
pounds for the 1960s and 17.7 million pounds for the 
1970s). In the 1990s, landings for this sh ranged between 
157,000 and 9.58 million pounds with a decadal average 
of 1.9 million pounds. This average was higher than that 
observed in the 1950s (1.8 million pounds) but lower than 
those from the previous three decades. 

In the 1990s, bonito’s ranking among the other commer-
cial species also dropped. By total weight, bonito ranked 
among the top 20 species landed by California sheries for 
most of the 1980s. In contrast, during the 1990s, this sh 
ranked among the top 20 species only in 1990 and 1998.

The amount of bonito landed is impacted by its avail-
ability, the availability of other desirable species, market 
demand, and price. Off of California, the availability of 
bonito can vary considerably between seasons and years. 
Some of this variation can be attributed to the migratory 
movements of these sh and some to oceanic changes. For 
instance, during El Niño events, more of the stock may 
move northward, becoming more available to California 
sheries, while during La Niña events, fewer sh may 
move into California waters.

The availability of bonito also can be impacted by shing 
restrictions. During the years from 1943 to 1958 and 1975 
to 1978, at least 50 percent, and often more than 90 
percent, of the landed bonito were taken off Baja Califor-
nia, Mexico. During the last two decades, Mexico has 
restricted access to foreign vessels shing in its nearshore 
waters and California landings originating from Mexico 
have declined to less than 10 percent of the total landings.

In addition, the availability of bonito in California waters 
can be impacted by the amount of sh taken by the com-
mercial shery in Mexican waters. Mexican commercial 
landings of bonito over the last several decades show 
sharp periodic increases in the take of this sh. This 
pattern suggests that the Mexican commercial shery for 

bonito is a pulse shery. When bonito become more abun-
dant, either from a gradual increase in the population or 
from the recruitment of a strong year class, then some 
of the commercial shing effort in Mexican waters shifts 
to this species. The resource is harvested until the sh 
are no longer abundant. Effort then is redirected to other 
species until such time as the bonito resource becomes 
abundant again.   

The availability of other desirable species can have a 
profound impact on the landings of bonito. Lower avail-
ability of other more desirable species due to environmen-
tal changes or management changes can increase the 
amount of bonito landed. For instance, bonito were tar-
geted during seasonal yellown tuna closures in the 1970s 
because an incidental take of the more valuable yellown 
tuna was allowed while shing for bonito. On the other 
hand, high availability of more desirable species can 
reduce the amount of bonito landed. This was likely the 
case in the 1980s and 1990s when a number of more 
desirable species including yellown tuna, skipjack tuna, 
albacore tuna, and bluen tuna were at times quite abun-
dant. In 1986, for example, high availability of bluen 
tuna with a value of $1,550 per ton resulted in the 
wetsh seiners shifting their effort toward that species; 
as a result, bonito landings in 1986 dropped to a low of 
533,000 pounds.

Market demand for bonito has been low over the last 
two decades. Commercial bonito landings are primarily 
purchased by canneries that process bonito for human 
consumption with the offal utilized for pet food or for 
reduction to shmeal. Cannery orders for this sh in 
recent years have been limited. Higher demand exists 
for yellown tuna, skipjack tuna, albacore, and bluen 
tuna for human consumption; for Pacic mackerel and 
jack mackerel as pet food; and for northern anchovy as 
shmeal. Bonito also are sold fresh or frozen or are pro-
cessed by curing or smoking. The market for this product 
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is currently small, but is growing due to the changes in 
California’s demographics. 

Prices for bonito have generally showed an upward trend 
over time. Between the 1960s and early 1980s, the price 
of bonito increased from $50 to $90 per ton to $550 per 
ton. The price then declined to $200 to $300 per ton 
in the mid-1980s but increased again in the 1990s to an 
average of $990 per ton. While the 1990s average price is 
the highest reported for bonito, it is still lower than that 
paid for desirable sh such as bluen tuna which usually 
sells for four to ve times the price of bonito. 

Status of Biological Knowledge

Pacic bonito is a rapidly growing piscivorous sh. In 
one year this sh can reach roughly 20 inches in fork 

length, and weigh about four pounds. At two years of age, 
bonito average roughly 25 inches in fork length and weigh 
about eight pounds. Their growth slows in the latter half 
of life with the sh reaching 32 to 35 inches and 17 to 
22 pounds at six years. The California angling record is a 
22-pound sh caught off Malibu Beach in 1978, but larger 
sh are occasionally reported.

Swimming is continuous to maintain orientation and respi-
ration, and is powered by richly oxygenated red muscle 
tissues near the tail. As the sh grow, the proportion of 
red muscle tissue increases; hence, larger sh become 
relatively more powerful swimmers. At a continuous-main-
tenance swimming speed, aquarium-held sh averaging 22 
inches in length swim as much as 43 miles daily.

Bonito is a temperate epipelagic schooling sh with a 
discontinuous distribution in the eastern Pacic Ocean. It 
ranges from Chile to the Gulf of Alaska, but is absent from 
the central coast of Mexico south to Panama. The north-
ern population typically is centered between southern 
California and central Baja California, but this distribution 
can shift northward during warm-water years. This species 
migrates approximately 600 miles along the United States 
- Mexico coastline, moving southward from southern Cali-
fornia in the winter and northward from Baja California 
in the summer. This migration probably is a response to 
changing sea temperatures since these sh appear to be 
impacted by local variations in sea temperature. Individu-
als tagged and released within warm-water discharges 
from electrical generating stations have been recaptured 
near their release site up to three years later. These 
tagging studies suggest that some bonito do not move 
southward in the winter and instead overwinter in the 
Southern California Bight. 

There is no external anatomical differences between the 
sexes. However, behavioral and visual cues can be used to 
distinguish males from females. During courtship of bonito 

observed in an aquarium, females swim with a wobble 
while males use color barring on their bodies to show 
their interest and aggressive nature. This aggressive verti-
cal barring coloration in males has also been observed in 
aquarium-held bonito at feeding time. During courtship, 
males will follow directly behind the displaying female, 
jockeying for position. The successful male and female 
then pair and synchronize the release of gametes at the 
onset of a tight circle swim. Gametes are broadcast into 
the seawater where fertilization takes place.

Sexual maturity differs between males and females. 
Pacic bonito females begin to mature at two years of age 
and are fully mature at 24 inches. Males are more preco-
cious. About 44 percent of the one-year males spawn, 
and all are mature at two years of age or 20 inches in 
length. Spawning begins in January and continues for a 
ve-month period. Peak spawning occurs off central Baja 
California, but may take place in southern California late 
in the season or during El Niño episodes. Some localized 
spawning may also take place near warm-water discharges 
from electrical generating stations. Individuals may spawn 
more than once during a season. A 6.6-pound female 
releases an estimated 0.5 million eggs in one season.

Bonito consume prey equaling about six percent of their 
body weight per day. Northern anchovies are common 
prey, but market squid, highly vulnerable to predation 
while spawning, sometimes become a major part of the 
diet. Pacic sardines may also be a signicant food source.

Status of the Population

Warm water conditions in the 1980s and 1990s may 
have provided good conditions for bonito survival, 

but large catches have been sporadic and the trends 
in both commercial and recreational landings continue 
downwards. This downward trend may be due in part 
to a shift in targeted effort from bonito to other more 
desirable species and to low market demand. It also may 
be due to changes in the distribution and migration of this 
northern population in response to oceanographic changes 
that have taken place over the last two decades. However, 
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this downward trend may well be due to a decline in 
stock abundance. If this is the case, then current shing 
practices may make it difcult for this stock to rebuild. 

Management Considerations
See the Management Considerations Appendix A for 
further information.

Jeffrey Smiley, Deborah Aseltine-Neilson,
Ken Miller and Marija Vojkovich
California Department of Fish and Game
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Spotfin Croaker
History of the Fishery

The spotn croaker (Roncador stearnsii) is a nearshore 
croaker reserved for the recreational shery. It has 

been illegal to take them with nets since 1909, and illegal 
to buy or sell them since 1915. Anglers can experience 
good shing when there are croaker “runs” and when 
“croaker holes” are found. Most of the spotn croaker 
catch consists of smaller sh (one to three pounds). 
Its ghting spirit and delicate taste make it a prized 
sport sh.

Spotn croaker can be taken throughout the year, but 
shing is best in late summer. Most spotn croaker are 
caught from shore on piers and jetties along beaches and 
in bays; they are occasionally taken by private and rental 
boats but are rarely taken by commercial passenger shing 
vessels. Anglers use conventional and spinning gear. The 
best baits are marine worms, clams, and mussels. 

Annual landings of spotn croaker have uctuated greatly. 
Marine Recreational Fishery Statistics Survey (MRFSS) 
annual catch estimates for 1980 through 1998 ranged 
between 1,000 and 46,000 sh; the average was 14,900. 
Catch-per-unit effort has remained relatively low and 
stable since 1980, but started to increase in the 
late 1990s.

Status of Biological Knowledge

The spotn croaker is a medium-bodied croaker with a 
bluish gray back, brassy sides, and a silver to white 

belly. It has a large, distinctive black spot at the base 
of its pectoral n. The spotn croaker ranges from Point 
Conception, California to Mazatlan, Mexico. In California, 
it is most common south of Los Angeles Harbor. It lives 
along beaches and in bays over sandy to muddy bottoms 
at depths from four to 50 feet. Most spotn croaker 
are found in 30 feet of water or less, preferring depres-

sions and holes near shore. These “croaker holes” are 
well known to surf anglers. Spotn croaker aggregate 
in small groups or schools of usually fewer than 50 
sh; however, schools containing several hundred sh are 
occasionally encountered. 

Spotn croaker can grow to 27 inches and weigh 14 
pounds. A sh weighing 10.5 pounds was eight or nine 
years old, and a 26.5-inch long individual was at least 15 
years of age. During the breeding season, females develop 
blackish streaks on their bellies, while larger males have 
golden pectoral and pelvic ns, and are commonly called 
golden croaker. Apparently, most males are mature at 
nine inches (two years), and most females are mature at 
12.5 inches (three years); all are mature at 14.5 inches 
(four years). Spawning occurs from June to September. It 
probably occurs offshore, since few ripe sh have been 
captured in the surf zone. Small (two- to four-inch) spotn 
croaker have been captured inside the surf zone to 30 
feet of water.

The spotn croaker is a bottom feeder. The diet of 
juveniles consists of small crustaceans and clam siphons. 
Larger individuals use their strong pharyngeal teeth 
to crush shells and consume whole clams, mussels, 
and polychaetes.

A limited tagging program showed that the spotn croaker 
moves around considerably, especially from bay to bay, 
without a discernible pattern. Fish tagged in Los Angeles 
Harbor were later recaptured as far south as Oceanside.

Status of the Population

Southern California is on the northern fringe of the spot-
n croaker population. Their population size, recruit-

ment, and mortality are unknown. Modications of bay 
and nearshore environments, including development, land 
lls, and dredging, have had an adverse effect on the 
habitats of this species. Beach seine hauls along the 
open coast from 1994 through 1997 yielded many fewer 
spotn croaker than during a similar study from 1953 
through 1956. However, catch-per-unit effort estimates 
from MRFSS data and gillnet sets inside bays and along the 
open coast indicate that spotn croaker populations were 
increasing in the late 1990s.

Spotfin Croaker, Roncador stearnsii
Credit: DFG
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Management Considerations
See the Management Considerations Appendix A for 
further information.

Charles F. Valle and Malcolm S. Oliphant (retired)
California Department of Fish and Game
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Yellowfin Croaker
History of the Fishery

The yellown croaker (Umbrina roncador) is a nearshore 
croaker that has been reserved for the recreational 

shery since 1915. It is primarily caught by anglers shing 
from sandy beaches, piers, jetties, harbors and bays from 
Santa Barbara south to the U.S.- Mexico border. This 
croaker is among the most common sh caught from many 
of southern California’s piers and sandy beaches during 
summer months. It is important to many anglers because 
they can be readily caught from shore with minimal invest-
ment in shing gear and time. Yellown croaker are typi-
cally caught with light spinning gear using a variety of 
popular baits, including live and dead anchovies, mussels, 
blood worms, and ghost shrimp. About 80 percent of the 
catch occurs from May-October. Anglers shing from piers 
and breakwaters account for 35 percent of the total catch, 
whereas anglers shing from private skiffs and beaches 
account for 35 percent and 25 percent, respectively. The 
commercial passenger shing vessel (CPFV) eet accounts 
for approximately ve percent of the total catch. CPFV 
catches uctuated from a high of over 8,000 sh in 1947 
to less than 100 sh in 1958. Catches are relatively low 
because the CPFV eet rarely targets shallow (< 25 feet) 
sandy areas where yellown croaker are most abundant. 

Status of Biological Knowledge

Yellown croaker have a series of yellow-brown stripes 
on their back, mostly yellow ns, and a pronounced 

chin barbel. Yellown croaker range from Point Concep-
tion to the Gulf of California, but are most abundant south 
of the Palos Verdes Peninsula. They occur in small schools 
over soft bottom habitats from shore to 125 feet, but 
are most commonly found in waters less than 30 feet. 
Yellown croaker are also common in harbors and bays 
and occasionally frequent kelp beds. 

Although very little is known about their basic life history, 
it appears that spawning occurs during summer months. 
Young-of-the-year have been found near the entrance of 
embayments during late fall and offshore in 30 feet of 
water during winter. They have been reported to reach 18 
inches in length and weigh over ve pounds, however sh 
over two pounds are uncommon. The current California 
state record is three pounds and 14 ounces. Preliminary 
ageing estimates indicate that a 10-inch sh is about 
4 years old and a 15-inch sh is about 10 years old. 
Yellown croaker are opportunistic predators that feed 
during day and night. Their diet consists of a broad variety 
of prey, however California grunion eggs, mysids, and 
pelecypods are the most important components. Small sh 
feed primarily on mysids, whereas large sh concentrate 
on bivalves. Yellown croaker eggs, larvae, and small 
juveniles are preyed upon by many shes; larger individu-
als are preyed upon by seals, sea lions, halibut and other 
large shes. 

Status of the Population

No population estimates exist for yellown croaker, and 
stock structure has not been examined. The popula-

tion appears healthy despite potentially damaging impacts 
associated with recreational shing, contaminants from 
urban run-off, and shoreline habitat modications such as 
development, dredging, lling, and erosion control proj-
ects. In fact, the population may be increasing; catch-
per-unit-effort data from the Marine Recreational Fishery 
Statistics Survey have increased during each of the past 
ve years. In addition, a shery independent study found 
a much greater abundance of yellown croaker in the 
mid-1990s than a similar study conducted during the mid-
1950s. Increased sea surface temperatures caused by sev-
eral El Niño events during the 1990s have probably ben-
eted yellown croaker, since they are a warm temperate 
species whose center of abundance is in warmer waters 
off Baja California. However, without regular monitoring 
of catch and effort data it is difcult to accurately assess 
the status of the shery.

Management Considerations
See the Management Considerations Appendix A for 
further information.

John W. O’Brien and Malcom S. Oliphant (retired)
California Department of Fish and Game

Yellowfin Croaker, Umbrina roncador
Credit: DFG
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catch. However, in the 1950s private boaters began taking 
a signicant number of sh. During some years, private 
boaters land more yellowtail than do CPFV anglers. 
For instance, during 1997, private boat anglers shing 
off California, landed 472,000 sh compared to 163,000 
recorded by CPFV anglers. The increase in the number 
of private boat anglers may impact the yellowtail 
resource more than continued effort by CPFV anglers or 
commercial shermen.

Major shing areas for CPFV and private boat anglers 
include the Channel Islands, Santa Monica Bay, Dana Point 
to Oceanside, La Jolla, San Clemente Island, Santa Cata-
lina Island, and the Coronado Islands. Long-range CPFVs 
sh primarily from Cedros Island south. They often con-
centrate on the offshore banks, especially in the Magda-
lena Bay area. The commercial shery is conducted in the 
same areas as the sport shery. 

Status of Biological Knowledge

Yellowtail are found from British Columbia, Canada to 
Mazatlan, Mexico. They are present in the Gulf of Cali-

fornia, occurring as far north as the Bay of Los Angeles.

Most yellowtail spawn during the summer months, June 
through September. During this period, adults move off-
shore and form spawning aggregations. Some two-year-old 
females may spawn, but all females over three years of 
age are capable of spawning. Young sh spawn only once 
during the season, while those seven years of age (20 
pounds) and older are capable of multiple spawnings. A 
20-pound sh is capable of producing 940,000 eggs during 
a single season.

Yellowtail are opportunistic daytime feeders. Off southern 
California, yellowtail stomachs contain sardines, ancho-
vies, jack mackerel, Pacic mackerel, and squid. Fish 
taken off Mexico frequently are full of pelagic red crabs.

Age and growth studies conducted on yellowtail indicate 
the sh are relatively slow growing. They gain approxi-
mately three to four pounds a year during most of their 
lives, although very large individuals may gain only one to 
two pounds per year. Growth can vary considerably from 
year to year and also between and within geographical 
areas. The largest recorded individual weighed 80 pounds. 
The average sizes at selected ages are: age one, 20 inches 
and 3.8 pounds; age two, 25 inches and 7.4 pounds; age 
three, 28 inches and 9.9 pounds; age four, 31 inches and 
13.2 pounds; age ve, 33 inches and 15.9 pounds; age 10, 
44 inches and 35 pounds.

Within southern California and at the Coronado Islands, 
sport anglers generally land yellowtail that weigh four to 
12 pounds. Long-range CPFV anglers shing off central 
Baja California usually catch 12 to 18 pound sh. Com-

Yellowtail 
History of the Fishery

Sport and commercial sheries for yellowtail (Seriola 
lalandi) have existed off California since the late 1800s. 

Commercial or subsistence shing is the older of the two, 
with modern hook-and-line sport shing getting its start 
in 1898 at Santa Catalina Island. Prior to 1898, sportsmen 
used handlines, a practice which faded with the advent 
of hickory rods, functional reels, and linen line. Both the 
sport and commercial sheries in California are conned 
to the area south of Point Conception. The shery usually 
occurs in nearshore areas, often adjacent to kelp beds. 
During the summer, sh may be found offshore under 
oating mats of kelp.

Commercial landings of yellowtail have uctuated greatly 
in the past, ranging from a high of 11.5 million pounds in 
1918 to a low of 9,769 pounds in 1995. Market conditions 
appear to dictate landings more than does the health of 
the resource. When market demand for fresh yellowtail 
was high or the canneries needed sh because tuna were 
unavailable, the price to the sherman was great enough 
to encourage trips for the sh.

The commercial shery for yellowtail was restricted to 
small live bait boats working off southern California or the 
Coronado Islands, Baja California, Mexico, until 1933. At 
that time, purse seiners began shing in Mexican waters, 
as the supply of yellowtail off California had decreased 
and it was illegal to seine them north of the international 
border. Gillnet boats also started landing yellowtail taken 
incidentally to white seabass landed commercially in Cal-
ifornia. However, nearshore gillnet shing was banned 
beginning in 1994. This greatly reduced the amount of sh 
landed by commercial shers since only hook-and-line gear 
and gillnets shed outside three miles are legal methods 
of take.

Data from commercial passenger shing vessel (CPFV) logs 
provide a general indication of the magnitude of the 
sport shery for yellowtail in southern California. During 
years when the water was warm, CPFVs have landed 
over 450,000 sh. When the water was cold, yellowtail 
catches were sometimes less than 10,000 sh. Prior to the 
early 1950s, CPFVs were responsible for most of the sport 

Yellowtail, Seriola lalandi
Credit: DFG
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mercial gillnet shermen generally land 10 to 20 pound 
yellowtail because of the selective nature of the nets. 
Commercial hook-and-line shermen usually land four to 
12 pound sh, although none can be less than 28 inches 
long, measured in fork length.

Results of a tagging study conducted by the California 
Department of Fish and Game indicate there are two 
stocks of yellowtail off Baja and southern California. One 
group occurs south of Cedros Island, Baja California, while 
the second group occupies the area from Cedros Island 
northward. There is some interchange of sh between 
the two groups around Cedros Island. Because of limited 
mixing between the two stocks, the southern California 
shery is wholly dependent on sh recruited from the 
northern population.

The number of yellowtail available to southern California 
shermen in any given year is dependent on whether 
warm water conditions exist off northern Baja California. 
Excellent yellowtail catches have occurred during years 
when water temperatures were at least three to ve 
degrees F above normal in the spring. Conversely, periods 
of cool water produce low catches. When sh are avail-
able, they usually are found nearshore in the spring and 
fall but offshore during the summer months.

Status of Population

While no population estimate is available for the 
northern stock of yellowtail, the resource appears 

to be healthy. The stock is probably not as large as it 
was in the early 1950s, but it can support signicant 
sport and commercial sheries when oceanic conditions 
are favorable.

Data collected during the 1970s and early 1980s indicate 
that the northern population has undergone a shift in sh 
size. Two and three year olds now dominate the catch, 
whereas six to nine year olds made up the majority of the 
catch in the past. The shift in size could be an indicator of 
either population stress or good recruitment.

Because more of the northern stock is available to 
sport anglers during warm water conditions, CPFV catches 
during El Niño events provide an indication of the health 
of the resource. The El Niño event of 1997, which proved 
to be the strongest of many events beginning with 1983, 
pushed many young yellowtail north into southern Califor-
nia. The 1996 year class dominated the sport shery 
during the summer of 1997 as one-year-old sh. The 1996 
year class remained off southern California during the 
winter of 1998 and again dominated the shery as two-
year-olds. During 1998, the commercial shery harvested 
almost a quarter million pounds of yellowtail since most 
of the 1996 year class sh reached legal size midway 
through the summer. This commercial catch represented 
a four-fold increase from 1997. With the cooling of ocean 
waters off southern California in 1999 and 2000, sport 
and commercial yellowtail catches dropped. However, the 
1996 year class continued to dominate the sport shery 
during both years. Based on data from the MRFSS, the 
1996 year class was the strongest in recent history. Over 
1.0 million yellowtail from the 1996 year class were landed 
by CPFV and private boat anglers between 1997 and 2000.
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The department initiated a minimum size limit on sport 
caught yellowtail during 1998 in an effort to reduce the 
catch of one-year-old sh. The 10 sh limit was retained, 
but a 28-inch FL size limit was adopted with sport anglers 
allowed to retain ve sh less than 28 inches FL.

Management Considerations
See the Management Considerations Appendix A for 
further information.

Stephen J. Crooke
California Department of Fish and Game
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Pinnipeds

Pinnipeds
History

There are six pinniped species inhabiting the California 
coast and offshore islands: the California sea lion 

(Zalophus californianus californianus), Steller (or north-
ern) sea lion (Eumetopias jubatus), Pacic harbor seal 
(Phoca vitulina richardsi), northern elephant seal (Mir-
ounga angustirostris), northern fur seal (Callorhinus ursi-
nus) and Guadalupe fur seal (Arctocephalus townsendi). 
The ribbon seal (Phoca fasciata) and the hooded seal (Cys-
tophora cristata) have been reported in California waters, 
but these were extremely rare events and they are not 
considered normal California visitors.

The California sea lion and Pacic harbor seal are prob-
ably the best known and most often seen pinnipeds in 
California waters. Californians and visitors from around 
the world enjoy watching the playful behavior of these 
animals cavorting in the water near shore or hauled out 
to rest on buoys, rocks, and other solid objects. They also 
enjoy seeing them in public display aquaria or as perform-
ers in animal shows at zoos and parks. Pinnipeds are 
amusing and intelligent entertainers, but there is another 
aspect of the pinniped story which is related to their diet 
of sh and their expanding populations.

In recent years, California sea lions and, to a lesser 
degree, Pacic harbor seals have gained notoriety by 
taking over portions of marinas, bathing beaches and by 
eating endangered or threatened salmon and steelhead 
moving upstream to spawn. Marina operators and boat 
owners consider them a major nuisance, and potentially 
dangerous. Some seals react aggressively when people 
approach. Some who sh commercially or for sport believe 
that pinnipeds compete for sh and are costly pests con-
suming tons of valuable sh, destroying valuable shing 
gear and interfering with shing operations. They com-
plain that any sea lion is attracted to shing operations 
and that the mere presence of a sea lion scares sh away 
from the shing area. Research biologists speculate that 
most of those problems are caused by a relatively few 
“rogue” pinnipeds. The rogues have learned that a sh 
caught in a net or hooked on a line is an easier meal 
than a free-swimming sh, and some actually target these 
sheries on a regular basis. A major concern is that this 
behavior will spread as the pinniped populations grow.

Resolving pinniped conicts with human activities is a con-
troversial issue. Faced with decreasing catches, increasing 
marine mammal populations, and increasing shery inter-
actions, some sport and commercial shermen contend 
that some pinniped populations have reached the point 
where population control and management efforts should 
be implemented. This would include the lethal removal 
of nuisance animals. Others will argue for protection of 

pinnipeds in spite of the damage and economic losses 
they cause.

It is unclear whether foraging by pinnipeds is impacting 
the abundance of marine species harvested by man. Cur-
rent research data are insufcient to answer this ques-
tion. Ecological interactions between pinnipeds and sh-
ery resources are complex and poorly understood. Food 
habits studies on California sea lions and Pacic harbor 
seals indicate a broad range of prey species are consumed. 
The opportunistic feeding nature of pinnipeds means food 
habits can change dramatically between areas and years 
in response to changes in the abundance of different prey 
species. Research in this area is difcult because of the 
great complexities of interactions. Though we do know 
their diets often include sh such as anchovies, mackerel, 
herring, hake, rocksh, salmon, and cephalopods, such as 
squid and octopus. 

In the 1860s and 1870s, many pinnipeds were killed for 
their oil or body parts and many females were captured 
for displays or animal acts. Pinnipeds were hunted com-
mercially until 1938, when California law gave them com-
plete protection from hunting. Nevertheless, sport and 
commercial shermen were free to kill sea lions and 
harbor seals that were destroying gear or otherwise inter-
fering with shing operations. In 1972, the Marine Mammal 
Protection Act was passed by Congress prohibiting the 
take (pursuit, harassment, capture, or kill) of marine 
mammals except under special permitted conditions. The 
act was renewed and revised in 1994. From its inception, 
the act specied that marine mammals should be pro-
tected as functioning elements of the ecosystem. The 
1994 amendments to the act established a new system 
to reduce the injuries and mortality of marine mammals 
involved incidentally in commercial shing operations to 
insignicant levels approaching zero.

Research has been conducted in the past on methods of 
reducing the impacts that pinnipeds have on certain sh-
eries (e.g., various taste aversion substances and acoustic 
harassment devices), but with little success. In most 
cases, the animals appeared to acclimate to the deter-
rents, and sometimes used the purported scare devices as 
“dinner bells” signifying active shing boats and an easy 
food source. Long-term solutions remain illusive.

Status of Biological Knowledge

California Sea Lion
The California sea lion ranges from British Columbia south 
to Tres Marias Islands off Mexico. Breeding grounds are 
mainly on offshore islands from the Channel Islands south 
into Mexico. Breeding takes place in June and early July 
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within a few days after the females give birth. The pups 
are weaned at six months to a year or more. Males 
and females reach sexual maturity between four and ve 
years, although males normally do not achieve territorial 
status until age eight or nine. Males weigh between 500 
and 1,000 pounds and reach seven to eight feet in length. 
Females weigh between 200 and 600 pounds and reach 
six feet. Adult males have a pronounced sagittal crest (a 
ridge on top of the skull extending from the forehead to 
the rear of the skull), a characteristic distinguishing this 
species from the Steller sea lion. Food of the California 
sea lion consists largely of squid, octopus, and a variety 
of shes (anchovies, mackerel, herring, rocksh, hake, 
and salmon).

Steller Sea Lion
The Steller sea lion’s distribution partially overlaps that 
of the California sea lion. It ranges from the Bering Strait 
off Alaska to southern California. Breeding grounds extend 

from the Pribilof Islands to Año Nuevo Island. The largest 
breeding colonies in California are at Point St. George, Año 
Nuevo, and the Farallon Islands. Breeding is in late June, 
after which the animals migrate northward. This species is 
a tawny or yellowish-brown color in contrast to the darker 
reddish color of the California sea lion. Grown males are 
1,500 to 2,200 pounds and reach a length of 13 feet. 
Females usually weigh between 600 and 900 pounds and 
reach a length of nine feet. Food of the Steller sea lion 
consists primarily of squid and sh.

Pacific Harbor Seal
The Pacic harbor seal ranges along the northwest coast 
of America from the Gulf of Alaska to Cedros Island off 
Baja California. In California, harbor seals are abundant 
along the entire coast. Adult male Pacic harbor seals 
reach a length of six feet and weight of up to 240 pounds, 

while females reach 5.5 feet and 275 pounds (when preg-
nant). The coloration patterns of adults vary from black 
with white spots to white with black spots. Breeding 
season varies with latitude, starting in March to May on 
the Channel Islands of southern California and continuing 
later up the coast. Age at sexual maturity is three to 
four years for females and ve years for males. Newborn 
pups are approximately 32 inches long and weigh about 
22 pounds. They are weaned at ve to six weeks at an 
average weight of 50 pounds. Adult females ovulate and 
mate at the end of weaning, with a two-month delayed 
implantation of the developing embryo. Their diet consists 
of sh such as ounders, herring, tomcod, hake, and 
lampreys, and cephalopods such as squid and octopus. 

Pinnipeds

California Sea Lion, Zalophus californianus
Credit: Phil Schuyler

Steller Sea Lion, Eumetopias jubatus
Credit: Phil Schuyler

Pacific Harbor Seal, Phoca vitulina richardsi
Credit: Phil Schuyler
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Northern Fur Seal
The northern fur seal is one of the best-known seals in the 
world because of its valuable fur, for which it was hunted 
to near extinction. Historical populations, centered on 
the Pribilof Islands, Alaska, are estimated at two million 
animals, but in 1911, when international treaties were 
established to protect and manage this species, there 
were fewer than 125,000 animals. San Miguel Island, off 
Santa Barbara, California, hosts a small breeding colony 
and is the southernmost extent of its range. It is a rem-
nant of a much larger population that existed in California 
in the early 1800s. The peak breeding and pupping period 
is in July. After breeding, the males migrate out to sea 
where they spend as many as 10 months. The pups are 
weaned at four months of age and are left to travel 
in the northward migrations on their own. Fur seals are 
distinguished from sea lions by their pelage, composed 
of a very dense undercoat and a thinner, coarser layer 

of guard hairs, and by their relatively long ippers. The 
northern fur seal is closely related to the Guadalupe fur 
seal and is distinguished from its close relative by its very 
short muzzle. Males reach a length of eight feet and weigh 
up to 700 pounds. Females are only four to ve feet long 
and weigh about 130 pounds. Sexual maturity is attained 
between three and seven years, with longevity reported 
to be up to 26 years. 

Guadalupe Fur Seal
The Guadalupe fur seal was presumed extinct until 1926, 
when a group of 60 animals was discovered on Guadalupe 
Island, Mexico. The population is recovering slowly from 
near extinction brought about by sealers in the last cen-
tury. This is a rare pinniped in California waters, seen 

only occasionally at islands in the Southern California Bight 
and the Farallon Islands. They breed only on Guadalupe 
Island. They are identied by a “collie-like,” long pointed 
muzzle. Males reach up to six feet in length; females are 
slightly smaller. 

Northern Elephant Seal
The comeback of the northern elephant seal, the largest 
of all the seals, is one of the great success stories for 
an animal threatened with extinction. Male elephant seals 
reach a length of 15 to 16 feet and weight of about 4,000 
to 5,000 pounds. Females reach a length of 11 feet and 
weigh about 1,700 pounds. The male develops a bulbous 
enlargement of the snout from which, along with its size, 
it gets its common name. Breeding colonies exist on San 
Miguel Island, Santa Barbara Island, San Nicolas Island, 
San Simeon Island, Año Nuevo Island, Southeast Farallon 
Island, and Point Reyes Peninsula. They have also begun 
hauling out at several other mainland sites where histori-
cally they did not haul out. The breeding season is from 
December through March. Breeding groups, or “harems,” 
consist of one male and eight to 40 females. The gestation 
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Northern Fur Seal, Callorhinus ursinus
Credit: Phil Schuyler

Guadalupe Fur Seal, Arctocephalus townsendi
Credit: Phil Schuyler

Northern Elephant Seal, Mirounga angurstirostris
Credit: Phil Schuyler
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period is about 11.5 months. Pups are weaned by four 
weeks but remain on the rookery another eight to 10 
weeks, sleeping during the day and gradually starting to 
enter the water at night. Departure from the rookery 
occurs at an age of approximately three months. Females 
begin breeding as young as two years of age. Males reach 
sexual maturity at ve years; but older, larger males 
prevent young and socially immature males from mating 
until they are at least eight or nine years old. Males and 
females both live about 14 years. 

Elephant seals do most of their feeding at night and prob-
ably in deep water as evidenced by the fact that they have 
been caught in nets at 2,000-foot depths. Time-depth 
recorder experiments show that elephant seals can dive to 
5,200 feet, and stay beneath the surface for up to an hour. 
Stomach content analyses indicate that they feed on small 
sharks, rays, ratsh, rocksh, and squid.

Status of the Populations
The Marine Mammal Protection Act recognizes marine 
mammals as components of the marine ecosystem and 
requires maintenance of stocks above levels at which they 
would lose their function in the ecosystem. In practice, 
marine mammal management is directed toward maintain-
ing the optimum sustainable population size (OSP) for 
each species within its geographical range. To be optimal, 
the population size should be between the rate at which 
maximum growth occurs and the carrying capacity of the 
environment. A variety of procedures are used to assess 
population status.

California Sea Lion
California sea lions breeding on U.S. rookeries are 
assumed to comprise a single stock. The population of 
newborn pups is determined from an aerial census. The 
size of the entire population is estimated from the number 
of new births and the proportion of pups in the popula-
tion. Their status was last assessed in 2000. At that time, 
the population size was estimated at 204,000 to 214,000 
animals. Recent estimates place the population growth 
rate at 6.2 percent per year. Fishery mortality is increasing.

Steller Sea Lion
Population estimates for northern sea lions are based on 
counts of animals hauled-out during the breeding season. 
A decline of this species is occurring throughout its range, 
including the Gulf of Alaska and Aleutian Islands, which 
support 75 percent of the world’s population. The current 
West Coast population of northern sea lions is estimated 
at 39,031 animals, which is less than half of the population 
level from 1956 to 1960. The dramatic decline in numbers 

of Steller sea lions throughout most of its range has 
prompted its listing as endangered under the Endangered 
Species Act and depleted under the Marine Mammal Pro-
tection Act.

Pacific Harbor Seal
From aerial census data, the harbor seal population along 
the California coast appears to be increasing, and con-
currently, the number of occupied sites has increased. 
From the last aerial survey (1995), the population was 
estimated at 30,293 animals after using correction factors. 
The population appears to be growing and shery mortal-
ity is declining.

Northern Fur Seal
The eastern North Pacic population of fur seals is esti-
mated at over one million animals. The population at San 
Miguel Island was estimated in 1999 at 4,336 animals after 
correction factors. The San Miguel Island population has 
increased steadily since the 1970s. An annual increase 
of eight percent occurred from 1965 through 1996. How-
ever, the eastern North Pacic stock of fur seals is 
formally listed as depleted under the Marine Mammal 
Protection Act.

Guadalupe Fur Seal
The historical distribution and abundance of the Guadal-
upe fur seal are unknown because commercial sealers 
and other observers failed to distinguish between it and 
the northern fur seal in their records. This species, once 
thought to be extinct, has an estimated population of 
7,408 animals. The population is growing at approximately 
13.7 percent per year. Although the primary breeding 
colony is on Guadalupe Island, recent sightings of adult 
and juvenile seals on some of the Channel Islands suggest 
that recolonization of that area may occur in the future. 
The Guadalupe fur seal is listed as threatened under the 
Endangered Species Act and depleted under the Marine 
Mammal Protection Act.

Northern Elephant Seal
The exploitation and subsequent recovery of the northern 
elephant seal population is a remarkable story. Biologists 
estimate that only 100 to 500 animals were left on Gua-
dalupe Island before protective legislation was passed. 
They claim that the entire current population may have 
originated from this small group of animals. Based on 
pup counts, the California breeding stock was estimated 
at 84,000 animals in 1996. The apparent growth rate 
since 1980 has been about eight percent annually. Annual 
surveys indicate that this species has reoccupied most or 
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all of its historical rookeries and hauling grounds. The 
population is continuing to grow and shery mortality is 
relatively constant.

Doyle Hanan
California Department of Fish and Game

Joyce Sisson
National Marine Fisheries Service

Revised by:

Robert Read and Carrie Wilson
California Department of Fish and Game
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