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1.0 DESCRIPTION OF THE COASTAL PELAGICS FISHERY

The fishery for coastal pelagic species (CPS) consists of fish stocks and parties involved in their commercial
harvest, commercial use, recreational harvest, and recreational use. Table 1.0-1 lists the CPS that are
currently or could potentially be harvested. Not all of those species will be included under the fishery
management plan (FMP) for CPS at the outset. The species to be included are northern anchovy, jack
mackerel, Pacific sardine, Pacific (chub) mackerel, and market squid. Of these, only Pacific sardine and
Pacific (chub) mackerel will be actively managed at the outset. Northern anchovy, jack mackerel, and market
squid will be monitored only. Species included in the plan and the type of management applied to each
species can be changed in the future under framework management procedures without amending the FMP.

Most CPS and the fishing they support are distributed internationally with components in the exclusive
economic zones (EEZ) of Canada and Mexico as well as in international waters outside the U.S. EEZ.
Individual components of the CPS fishery may include U.S. commercial fisheries; foreign catcher and
processor vessels in U.S., Mexican, Canadian, and international waters; foreign vessels engaged in joint
ventures (JVs) with domestic commercial vessels; party and charter boats; and anglers who target CPS or
use them as bait. No tribal fisheries utilize CPS in the U.S. at this time, although a small Tribal fishery exists
in British Columbia.

CPS are taken directly or as bycatch in fisheries that use many types of gear and vessels. Gears used to
harvest CPS by directed fishing are primarily “round-haul” gear including purse seines, drum seines, lampara
nets, and dip nets. CPS are taken incidentally with midwater trawls, pelagic trawls, gillnets, trammel nets,
trolls, pots, hook-and-line, and jigs.

TABLE 1.0-1. CPS, other pelagic, or midwater fish.

Pacific saury Cololabis saira
northern anchovy (central subpopulation)a/ Engraulis mordax
northern anchovy (northern subpopulation) Engraulis mordax

market squida/ Loligo opalescens
Pacific bonito Sarda chiliensis

Pacific herring Clupea harengus
Pacific sardine® Sardinops sagax
Pacific (chub or blue) mackerel® Scomber japonicus
Jjack (Spanish) mackerel” Trachurus symmetricus

a/ Fisheries actively managed under this plan.

1.1 Northern Anchovy

Information about the biology of northern anchovy is available in Frey 1971; PFMC 1983 and 1990a; and
in the references cited below.

1.1.1  Distribution and Habitat

Northern anchovy are distributed from the Queen Charlotte Islands, British Columbia to Magdalena Bay, and
Baja California, and anchovy have recently colonized the Gulf of California. The population is divided into
northern, central and southern subpopulations or stocks. The northern subpopulation supports a small bait
fishery (one boat to four boats) off the coasts of Oregon and Washington that is described below. The
southern subpopulation is entirely within Mexican waters. The central subpopulation, which supports
significant commercial fisheries in the U.S. and Mexico, ranges from approximately San Francisco,
California: to Punta Baja, Baja California. The bulk of the central subpopulation is located in the Southern
California Bight, a 20,000-square-nautical-mile area bounded by Point Conception, California, in the north
and Point Descanso, Mexico, (about 40 miles south of the U.S.-Mexico boarder) in the south.

Northern anchovy in the central subpopulation are typically found in waters that range from 12°C to 21.5°C;
however, laboratory-defined lethal temperatures occur at 7°C and 29°C (Brewer 1976). There is a great deal
of regional variation in age composition and size with older and larger anchovy found farther offshore and
to the north (Parrish et al. 1985). The pattern is accentuated in warm years and during the summer (Methot
1989).
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1.1.2 Life History

Northern anchovy are small, short-lived fish typically found in schools near the surface. Northern anchovy
rarely exceed four years of age and 18 cm total length, although individuals as oid as seven years and
23 cm have been recorded. Natural mortality is thought to be M = 0.6 yr to 0.8 yr', which means that 45% to
55% of the total stock would die each year of natural causes if no fishing occurred. Northern anchovy eat
phytoplankton and zooplankton by either filter feeding or biting, depending on the size of the food.

Anchovy spawn during every month of the year, but spawning increases in late winter and early spring and
peaks from February to April. Preferred spawning temperature is 14°C and eggs are most abundant at
temperatures of 12°C to 16°C. Females spawn batches of eggs throughoutthe spawning season at intervals
as short as seven days to ten days. The eggs, found near the surface, are typically ovoid and translucent
and require two days to four days to hatch, depending on water temperatures. Both the eggs and larvae
are found near the surface. Anchovy in the central subpopulation are all sexually mature at age two. The
fraction of one-year-olds that is sexually mature in a given year depends on water temperature and has been
observed to range from 47% to 100% (Methot 1989). This phenomenon affects estimates of spawning
population.

Northern anchovy are subject to natural predation throughout all life stages. Eggs and larvae fall prey to an
assortment of invertebrate and vertebrate planktivores. As juveniles, anchovy are vulnerable to a wide
variety of predators, including many recreationally and commercially important species of fish. As adults,
anchovy are fed upon by endangered salmon stocks, endangered birds (California brown pelican Pelecanus
occidentalis californicus and least tern Sterna albifrons browni), numerous fish (some of which have
recreational and commercial value), mammals, and birds. Links between brown pelican breeding success
and anchovy abundance have been documented (Anderson et al. 1980, 1982; Jacobson and Thomson

1989). Other species known or suspected to feed on northern anchovy are listed in Table 1.1.2-1.

TABLE 1.1.2-1. Known or suspected predators of northern anchovy, Pacific sardine, squid, and
other small pelagic fish.

MARINE MAMMALS

Callorhinus ursinus
Arctocephalus townsendi
Eumetopias jubatus
Zalophus californianus
Mirounga angustirostris
Phoca vitulina

Delphinus delphis bairdi
Phocoena phocoena
Phocoenoides dalli
Lagenorhynchus obliquidens
Tursiops truncatus
Globicephala macrorhyg(/:a
Balaenoptera musculusa /
Balaenoptera physalus
Balaenoptera borealis
Balaenoptera aag}:rostrata
Balaena glacialis
Megaptera novaeanglge
Eschrichtius robustus

MARINE BIRDS
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Diomedea nigripes
Fulmarus glacialis
Puffinus griseus

Puffinus puffinus
Oceanodroma leucorhoa
Oceanodroma homochroa
Loomelania melania
Pelecanus occidentalis
Phalacrocorax auritus
Phalacrocorax penicillatus
Phalacrocorax pelagic us
Lards glaucescens

Northern fur seal
Guadalupe fur seal
Steller's sea lion

California sea lion
Northern elephant seal
Harbor seal

Common dolphin

Harbor porpoise

Dall's porpoise

Pacific white-sided dolphin
Bottlenose dolphin
Pilot whale

Blue whalg/

Fin whale

Sei whale

Minke whale
Pacific right whalg
Humpback whale
California grey whale

a/

Black-footed albatross
Fulmar

Sooty shearwater
Manx shearwater
Leach's petrel

Ashy petrel

Black petrel

Brown pelican
Double-crested cormorant
Brandt's cormorant
Pelagic cormorant
Glaucous-winged gull
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TABLE 1.1.2-1. Known or suspected predators of northern anchovy, Pacific sardine, squid, and
other small pelagic fish.

Lards occidentalis

Lards heermanni

Lards delawarensis

Lards californicus

Rissa tridactyla

Uria aalge

Cepphus columba
Brachyramphus marmoratum
Endomychura craveri
Endomychura hypoleuca
Synthliboramphus antiquum
Ptychoramphus aleutica
Cerorhinca monocerata
Fratercula corniculata
Lunda cirrhata a/
Haliaeetus leucocephalus
Pandion haliaetus

Sterna elegans

Sterna caspia

Sterna forsteri y
Sterna albifrons browni”

MARINE FISH

Engraulis mordax
Sardinops sagax caeruleus
Merluccius productus
Alopias vulpinus

Isurus oxyrinchus
Galeorhinus zyopterus
Prionace glauca
Torpedo californica
Oncorhynchus kisutch
Oncorhynchus tshawytscha
Oncorhynchus mykiss
Sebastes spp.

Roccus saxatilis
Paralabrax nebulifer
Paralabrax clathratus
Paralabrax maculatofasciatus
Caulolatilus princeps
Trachurus symmetricus
Seriola dorsalis
Atractoscion nobilis
Seriphus politus
Menticirrhus undalatus
Genyonemus lineatus
Embiotocidae spp.
Sphyraena argentea
Scomber japonicus
Sarda chiliensis
Thunnus alalunga
Thunnus thynnus
Xiphias gladius
Tetrapturus audax
Onchorhynchus mykiss
Ophiodon elongatus
Scorpaena guttata
Squalus acanthius
Stereolepis gigas
Hypoglossus stenolepis
Paralichthys californicus

Western gull
Heerman's gull
Ring-billed gull
California gull
Black-legged kittiwake
Common murre
Pigeon guillemot
Marbled murrelet
Craveri's murrelet
Xantu's murrelet
Ancient murrelet
Cassin's auklet
Rhinoceros auklet
Horned puffin
Tufted puffi

Bald eagle
Osprey

Elegant tern
Caspian tern
Forster's tgfn
Least tern

Northern anchovy
Pacific sardine

Pacific whiting
Common thresher shark
Bonito shark

Soupfin shark

Blue shark

Pacific electric ray
Silver (coho) salmon
King (chinook) salmon
Steelhead

Rockfish (many species)
Striped bass

Barred sand bass

Kelp bass

Spotted sand bass
Qcean whitefish

Jack mackerel
Yellowtail

White seabass
Queenfish

California corbina
White croaker
Surfperches (many species)
California barracuda
Pacific (chub) mackerel
Pacific bonito

Albacore

Bluefin tuna

Swordfish

Striped marlin
Steelhead salmon
Lingcod

Scorpionfish

Dogfish

Giant seabass

Pacific halibut
California halibut

INVERTEBRATES
Loligo opalescens Market squid
Decapoda (eegonsidal Qcean squids
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1.1.3 Abundance, Recruitment, and Population Dynamics

Information about changes in anchovy abundance during 1780 through 1970 is available from scale counts
from sediment cores obtained from the Santa Barbara and Soledad basins off California (Soutar and Issacs
1969; 1974). These data indicate significant anchovy populations existed throughout the period and that
biomass levels during the late 1960s were modest relative to levels during most of the 19th century and early
20th century. Scale counts and recent experience indicate that northern anchovy vary less over time than
Pacific sardine.

Recent biomass estimates (fish age over one year) for the central subpopulation of northern anchovy from
1964 to 1995 (Jacobson et al. 1995) indicate that biomass averaged 326,000 metric tons (mt) until 1970,
increased rapidly to 1,598,000 mt in 1974, and then declined to 521,000 mtin 1978 (Table 1.1.3-1). During
the early 1990s biomass declined to about 150,000 mt and then increased to 388,000 mtin 1995 (Jacobson
et al. 1995). No new stock assessment has been made, but available evidence indicates that the 1997
abundance is at least as high as during 1995 (Jacobson et al. 1997)

Recruitment of northern anchovy is more variable than for most clupeoid fish (Beddington and Cooke 1983;
Myers et al. 1990). The standard deviation of annual log scale recruitment estimates for northern anchovy
from 1964 to 1990 was 0.71 (Jacobson and Lo 1991). Strong year classes were observed in about
seven years during that period (Table 1.1.3-1).

The age at which northern anchovy become vulnerable to fishing depends on location and type of fishery.
They probably become vulnerable to the live bait fishery at an earlier age than to the reduction fishery.
Substantial numbers of zero and one-year-old fish are taken by both fisheries in most years.

Maximum sustainable yield (MSY) for northern anchovy in the central subpopulation is estimated to be
123,000 mt per year at a total biomass level of about 733,000 mt (Conrad 1991). As for other pelagic
species, MSY should be viewed as a rough indicator of stock productivity or long-term average harvest
potential rather than as a management goal, because stock size and potential catches may vary dramatically
from year to year (Beddington and May 1977).

1.1.4  Fishery Utilization

Northern anchovy in the central subpopulation are harvested by commercial fisheries in California and
Mexico for reduction, human consumption, live bait, dead bait, other nonreduction commercial uses.
Anchovy landed in Mexico are used primarily for reduction, although small amounts are probably used as
bait. Small quantities of the northern subpopulation are taken off Oregon and Washington for use as bait.
Anchovy catch and landings data are given in Tables 2.1.1-1, 2.1.1.3-2, and 2.1.1.4-1.

Anchovy landed by the reduction fisheries are converted to meal, oil, and soluble protein products sold
mainly as protein supplements for poultry food and also as feed for pigs, farmed fish, fur-producing animals,
laboratory animals, and household pets. Meal obtained from anchovy is about 85% protein (meal from other
fish is 50% to 55% protein).

Anchovy harvested by the live bait fishery in California are not landed, but are kept alive for sale to anglers
as bait and chum (in contrast anchovy sold as "live" bait off Oregon and Washington may be killed at time
of sale). Transactions between buyers and sellers of live bait take place either at sea or at bait wells tied
up at docks. Bait dealers generally supply party boats on a contract basis and receive a percentage of the
fees paid by passengers. Bait is also sold by the scoop to anglers in private vessels.

Anchovy landed by the nonreduction (other than live bait) fishery are used as dead frozen bait, fresh fish
for human consumption, canned fish for human consumption, animal food, and anchovy paste.
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1.1.5  Current Management

As of December 31, 1992, northern anchovy were managed by the Council under the Northern Anchovy
FMP. The Northern Anchovy FMP was first adopted during 1978; management before then was by the state
of California. Detailed descriptions of the management of northern anchovy are given in PFMC (1983 and
1990a).

1.1.6 _ Northern Subpopulation

The northern subpopulation of anchovy ranges from Monterey north to British Columbia with a major
spawning center off Oregon and Washington that is associated with the Columbia River plume. The
northern stock supports a small (one boat to four boats in Oregon and Washington), but locally important
bait fishery.

There is relatively little information available about the biology and abundance of anchovy in the northern
subpopulation. Spawning biomass estimates for an area off Oregon and Washington during 1975 through
1976 based on the "Smith Larva Method" (Smith 1972) ranged from 737,000 mt to 1,005,263 mt (Richardson
1981). These estimates, based on abundance of anchovy larvae, are too high, because anchovy were
erroneously assumed to spawn only once per season. Estimates of spawning biomass from the Smith Larva
Method for the central subpopulation during 1964 through 1966 (Smith 1972), were about 8.6 times larger
on average than more recent estimates (Lo and Methot 1989). Thus, an educated guess for spawning
biomass in the northern population during 1975 through 1976, based on estimates from the Smith Larva
Method and a correction factor of 8.6, is 87,000 mt to116,000 mt. Landings of anchovy in Oregon and
Washington during 1981 through 1994 (less than 60 mt per year) were small relative to the revised
estimates of spawning biomass.

TABLE 1.1.3-1. Total biomass (mt on February 15), spawning biomass (mt on February 15), and recruitment estimates (mt
age-0 fish on July 1) for northern anchovy, 1964 to 1995. All estimates from (Jacobson et al. 1995).

Year Total CV Spawning [0AY Recruits CV

1964 636,807 39% 611,947 39% 166,216 47%
1965 378,972 30% 356,272 33% 206,829 48%
1966 261,290 28% 236,177 27% 464,458 50%
1967 274,943 31% 229,927 29% 247,758 48%
1968 214,371 30% 205,661 30% 241,230 45%
1969 186,550 29% 173,049 29% 830,351 48%
1970 330,575 33% 198,006 29% 257,794 47%
1971 221,007 30% 172,431 31% 867,978 54%
1972 360,021 38% 137,774 28% 679,802 57%
1973 390,503 37% 382,657 37% 4,348,342 47%
1974 1,597,737 36% 474,403 28% 1,495,367 76%
1975 1,245,680 35% 931,981 31% 2,651,986 75%
1976 1,325,539 35% 1,068,744 31% 990,287 59%
1977 901,543 31% 900,606 31% 495,690 56%
1978 520,683 32% 519,875 32% 654,417 55%
1979 395,165 32% 337,401 30% 1,770,193 37%
1980 673,167 24% 654,146 24% 960,584 40%
1981 513,099 20% 490,381 19% 631,225 40%
1982 356,415 22% 320,201 20% 2,050,309 25%
1983 713,707 19% 711,225 19% 221,994 42%
1984 396,595 20% 395,006 20% 1,934,712 35%
1985 822,157 22% 555,245 18% 1,115,221 60%
1986 722,768 32% 715,217 32% 303,723 1%
1987 411,576 30% 408,704 30% 216,887 42%
1988 240,711 29% 226,903 28% 1,285,251 39%
1989 440,586 29% 167,168 29% 186,449 38%
1990 245,416 30% 239,345 29% 136,300 35%
1991 153,457 29% 151,970 29% 269,658 36%
1992 172,300 27% 170,557 27% 174,301 37%
1993 145,315 28% 144,536 28% 235,177 40%
1994 155,832 31% 153,863 31% 938,190 51%
1995 392,266 38% 387.618 38% 56Q.523 13%
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1.2 Jack Mackerel

Biological information about jack mackerel is available in MacCall et al. (1980), MacCall and Stauffer (1983),
and in references cited below.

1.2.1 _ Distribution and Habitat

Jack mackerel are a pelagic schooling fish that ranges widely throughout the northeastern Pacific, from the
Pacific coast to an offshore limit approximated by a line running from Cabo San Lucas, Baja California, to the
eastern Aleutian Islands, Alaska. Much of the range lies outside the 200-mile U.S. EEZ. There is no evidence
of stock structure in jack mackerel along the West Coast.

Small jack mackerel (10 cm to 30 cm fork length and up to six years of age) are most abundant in the
Southern California Bight, where they are often found near the mainland coast and islands and over shallow
rocky banks. Older, larger fish (50 cm to 60 cm fork length and 16 years to 30 years) range from Cabo San
Lucas, Baja California, to the Gulf of Alaska, where they are generally found offshore in deep water and along
the coastline to the north of Point Conception. Large fish rarely appear in southern inshore waters. Fish of
intermediate lengths (30 cm to 50 cm tail length; nine years to 20 years of age) were found in considerable
numbers during the spring of 1991 around the 200-mile limit of the U.S. EEZ off southern California; fish of
five to nine years of age were the most numerous and fish ten to 20 years old were common (Nebenzahl
1997). Jack mackerel sampled over several years by trawl surveys off Oregon and Washington ranged from
30 cm to 62 cm and four to 36 years old. More than half of the fish sampled were greater than 20 years old,
and fish greater than 30 years-old were common (Nebenzahl 1997).

Jack mackerel off southern California move inshore and offshore as well as north and south. They are more
available on offshore banks in late spring, summer, and early fall than during the remainder of the year. In
southern California waters, jack mackerel schools are often found over rocky banks, artificial reefs, and
shallow rocky coastal areas. They remain near the bottom or under kelp canopies during daylight and venture
into deeper surrounding areas at night. Young juvenile fish sometimes form small schools beneath floating
kelp and debris in the open sea.

1.2.2 Life History

Jack mackerel grow to about 60 cm and live 35 years or longer. Estimates of natural mortality are uncertain,
but the natural mortality rate (M) averaged over the life span of a typical fish is probably less than 0.20 to
0.25 yr''. This means that about 18% to 22% of the total stock would die each year of natural causes if no
fishing occurred.

Small jack mackerel taken off southern California and northern Baja California eat large zooplankton
(copepods, pteropods, and euphausiids), juvenile squid, and anchovy. Larvae feed almost entirely on
copepods.

Although immature jack mackerel can be found off southern California at all times of the year, 50% or more
of all females reach sexual maturity during their first year of life. Older jack mackerel, in samples taken about
200 miles offshore from Southern California, spawned about every five days, and the average female may
spawn as many as 36 times per year (Macewicz and Hunter 1993).

The spawning season for jack mackere! off California extends from February to October, with peak activity
from March to July (MacCall and Prager 1988). Young spawners off southern California begin spawning later
in the year than older spawners. Little is known of the maturity cycle of large fish offshore, but peak spawning
appears to occur later in more northerly waters.
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Large predators like tuna and billfish eat jack mackerel, but, except as young-of-the-year and yearlings, jack
mackerel are probably a minor forage source for smaller predators. Older jack mackerel probably do not
contribute significantly to food supplies of marine birds, because they are too large to be eaten by most bird
species and school inaccessibly deep. Little information is available on predation of jack mackerel by marine
mammals. Jack mackerel are not often eaten by California sea lions, Zalophus californianus or northern fur
seals, Callorhinus ursinus.

1.2.3 Abundance, Recruitment, and Population Dynamics

The best current estimate of average spawning biomass for jack mackerel, based on California Cooperative
Oceanic Fisheries Investigations (CalCOFI) data, is about 1.2 million mt to 2.6 million mt, with roughly 50%
of the total spawning biomass found off California and Mexico. This estimate, which is based on scanty
information about the distribution and reproductive biology of jack mackerel, is little more than an educated
guess.

CalCOFI ichthyoplankton surveys and fish-spotter data are the only available sources of information about
year-to-year changes in abundance of jack mackerel (Table 1.2.3-1). Neither CalCOFI surveys nor fish
spotters cover the entire range of the population, so relationships between the indices and biomass may be
obscured.

MacCall and Prager (1988) used general linear models and analysis of variance with CalCOFI data to
estimate relative abundance of jack mackerel larvae from 1950 through 1980. The index of relative
abundance for jack mackerel larvae shows considerable year-to-year fluctuation, but no long-term trends
(Table 1.2.3-1).

Two indices of relative abundance from fish-spotter data for 1963 through 1990 are available for jack
mackerel: a catch-per-unit-effort like index (Jim Squire, NMFS, Southwest Fisheries Science Center, personal
communication) and an index based on lognormal linear models (N. C. H. Lo, NMFS, Southwest Fisheries
Science Center, personal communication). The catch-per-unit-effortindex was calculated from data collected
by pilots flying at night over a "core" area where jack mackerel are naturally abundant (Squire 1972, 1983).
The index based on general linear models was calculated with the model for northern anchovy described by
Lo et al. (1992). Both indices (Table 1.2.3-1) indicate that abundance or availability increased dramatically
during the mid-1970's, and jack mackerel biomass or availability can remain at low levels for long periods (ten
or more years).

Detecting changes in jack mackerel abundance using existing CalCOFI or fish-spotter indices would probably
be difficult. None of the indices appear precise, because variability in each is larger than the variability in
abundance that could probably be expected for a long-lived fish like jack mackerel (MacCall and Stauffer
1983; MacCall and Prager 1988). In addition, the three indices are not well correlated.

The only information available for recruitment in jack mackerel is a rough index of year-class strength,
obtained by summing the percentage contributions of a year-class to the various seasons in which it was
fished (Table 1.2.3-2). An average year class will, using this measure, have a relative strength of 100%.
Long-term trends cannot be detected since a year-class is effectively compared only to year-classes
immediately preceding and following it (Mason 1991).

Virtual year-class strengths for 1947 through 1958 show a pattern in which strong year-classes appear every
five years (Table 1.2.3-2). Recruitment was relatively low from 195910 1966. After 1966, strong year- classes
appeared every two to three years.

The age at which jack mackerel recruit to fisheries depends on the location of the fishery. Jack mackerel
begin to recruit to the southern California purse seine fishery in their first year.

MSY for jack mackerel has not been estimated, but crude estimates of potential yield (Gulland 1970; MacCall
and Stauffer 1983) have been developed. Potential yield of jack mackerel is not meant to be an estimate of
sustainable harvest, but rather an interim limit for catches while data sufficient for management are
accumulated. Ages 0.5 through eight are harvested by the inshore fishery off southern California and have
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a potential yield of about 100,000 mt to 200,000 mt. The potential yield of large jack mackerel in offshore and
northern regions is about 10,000 mt to 25,000 mt. The potential yield of fish ages nine years to 15 years is
about 20,000 mt to 50,000 mt. The total stock has a potential yield of 130,000 mt to 275,000 mt, but larger
harvests might be sustained as the nearly virgin stock is fished down.

1.2.4 _ Fishery Utilization

The southern California segment of the stock has been fished since the late 1940s, when jack mackerel
served as a substitute for the failing sardine fishery. Landings data are given in Table 2.1.1-1. Purse seiners
prefer Pacific (chub) mackerel, because jack mackerel tend to occur further from port and over rocky bottoms
where there is increased risk of damage to nets. Mason (1991) describes the history of management for the
jack mackerel fishery off southern California. Landings have been greatly reduced during the 1990s; 1996
landings (1,485 mt) were the lowest in more than 50 years.

Offshore, large adult jack mackerel are sometimes taken incidentally in trawls for Pacific whiting. During the
1970s, foreign trawl fisheries may have caught 1,000 mt to 2,000 mt annually, but catches by foreign and joint-
venture fishers in the 1980s ranged from nil to about 100 mt.

1.2.5  Current Management

Jack mackerel was included in the Pacific Fishery Management Council’s Groundfish FMP, because of foreign
trawl fishery catches in the 1970s. Before 1991, an annual quota of 12,000 mt (north of 39° N latitude) was
used to account for the incidental harvest while avoiding constraints on fishing for other groundfish species,
particularly Pacific whiting. Beginning in 1991, in response to increased interest in fishing for jack mackerel,
the Council adopted a coastwide quota of 46,500 mt for jack mackerel.

TABLE 1.2.3-1. Indices of relative abundance for jack mackerel from CalCOF| and fish-spotter data.

Eish Spotter Fish Spotier

Year CalCOF| CPUE Lo-GLM Year CalCOF! CPUE Lo-GIL.M
1952 2.41 1972 1.63 0.07 0.61
1953 0.69 1973 0.05 0.02
1954 1.19 1974 0.15 0.18
1955 0.81 1975 0.35 0.19 0.69
1956 0.35 1976 0.51 0.61
1957 1.35 1977 1.13 4.80
1958 0.35 1978 0.13 519 3.93
1959 0.17 1979 2.01 1.06
1960 0.30 1980 2.23 0.64
1961 1.08 1981 0.08 2.93 0.41
1962 0.81 0.28 1982 1.50 0.53
1963 0.73 0.64 1.21 1983 1.51 0.12
1964 017 0.84 0.77 1984 0.35 0.39
1965 0.79 0.30 0.77 1985 0.70 0.33
1966 1.25 0.21 0.24 1986 0.84 0.14
1967 1.70 0.22 0.80 1987 0.58 0.09
1968 2.60 0.21 1.27 1988 3.14 0.05
1969 1.57 0.19 0.30 1989 2.66 0.15
1970 0.07 0.15 1990 0.39 0.04
1971 00 Q.66

All data series were rescaled to a mean of 1.0 for years of overlap. The label "CalCOFI" is for estimates
of relative abundance (number larvae per area) from a general linear model fit to CalCOF! larval data
(MacCall and Prager 1988, data from Alec MacCall, NMFS, SWFSC, personal communication). The label
"CPUE" is for a catch-per-unit-effort-like index from fish-spotter data (Jim Squire, NMFS, SWFSC, personal
communication). The label "Lo-GLM" is for estimates from general linear models fit to fish-spotter data
(N. C-H. Lo, NMFS, SWFSC, pers. comm.).
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TABLE 1.2.3-2. Virtual year-class strength estimates from jack mackerel
catch-at-age data for 1959 through 1966.

Year Year-class Strength Year Year-class Strength
1947 1.629 1964 0.708
1948 0.382 1965 0.678
1949 0.392 1966 0.906
1950 0.355 1967 1.591
1951 0.646 1968 0.955
1952 2.366 1969 1.163
1953 1.312 1970 1.647
1954 0.468 1971 0.771
1955 0.403 1972 0.857
1956 0.414 1973 0.564
1957 0.860 1974 1.721
1958 2.039 1975 0.402
1959 1.215 1976 1.336
1960 1.125 1977 0.419
1961 0.661 1978 1.556
1962 0512 1979 0.495
1963 0.536 1980 2.065

Source: J. Mason, NMFS, Southwest Fisheries Science Center, personal
communication.

1.3 Pacific Sardine

Biological information about Pacific sardine, Sardinops sagax caerulea, is available in Frey (1971), Clark and
Marr (1955), Ahlstrom (1960), Murphy (1966), MacCall (1979), and in the references cited below. Other
common names for Pacific sardine include California pilchard, pilchard (in the northern part of its range), and
sardina monterey (in the southern part of its range).

1.3.1  Distribution and Habitat

Sardines as a group of species are small pelagic schooling fish that inhabit coastal subtropical and temperate
waters. The genus Sardinopsis found in eastern boundary currents of the Atlantic and Pacific, and in western
boundary currents of the Indo-Pacific oceans. Recent studies indicate that sardines in the Aiguhas, Benguela,
California, Kuroshio, and Peru currents, and off New Zealand and Australia are a single species (Sardinops
sagax, Parrish et al. 1989), but stocks in different areas of the globe may be different at the subspecies level
(Bowen and Grant 1997).

Pacific sardine have at times been the most abundant fish species in the California Current. When the
population is large it is abundant from the tip of Baja California (23° N latitude) to southeastern Alaska (57° N
latitude), and throughout the Gulf of Mexico. In the northern portion of the range, occurrence tends to be
seasonal. When sardine abundance is low, as during the late 1960s and 1970s, sardine do not occur in
commercial quantities north of Point Conception.

It is generally accepted that sardine off the West Coast of North America form three subpopulations or
stocks. A northern subpopulation (northern Baja California to Alaska), a southern subpopulation (off Baja
California), and a Gulf of California subpopulation were distinguished on the basis of serological techniques
(Vrooman 1964). A recent electrophoretic study (Hedgecock et al. 1989) showed, however, no genetic
variation among sardine from central and southern California, the Pacific coast of Baja California, or the Gulf
of California. Afourth, far northern subpopulation, has also been postulated (Radovich 1982). Althoughthe
ranges of the northern and southern subpopulations overlap, the stocks may move north and south at similar
times and not overlap significantly. The northern stock is exploited by U.S. fisheries and is included in this
FMP.

Pacific sardine probably migrated extensively during historical periods when abundance was high, moving
north as far as British Columbia in the summer and returning to southern California and northern Baja
California in the fall. Tagging studies (Clark and Janssen 1945) indicate that the older and larger fish moved
farther north. Migratory patterns were probably complex, and the timing and extent of movement were
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affected by oceanographic conditions (Hart 1973) and stock biomass. During the 1950s to 1970s, a period
of reduced stock size and unfavorably cold sea surface temperatures apparently caused the stock to
abandon the northern portion of its range. At present, the combination of increased stock size and warmer
sea surface temperatures are causing the stock to reoccupy grounds off northern California, Oregon,
Washington, and British Columbia. Abandonment and recolonization of the higher latitude portion of their
range has been associated with changes in abundance of sardine populations around the world (Parrish et
al. 1989).

1.3.2 Life History

Pacific sardine may reach 41 cm, but are seldom longer than 30 cm. They may live as long as 13 years,
but individuals in historical and current California commercial catches are usually younger than five years.
In contrast, the most common ages in the historical Canadian sardine fishery were six years to eight years.
There is a good deal of regional variation in size at age and size at age increases from south to north
(Phillips 1948). Size and age at maturity may decline with a decrease in biomass, but latitude and
temperature also are important (Butler 1987). At low biomass, levels, sardine appear to be fully mature at
age one, whereas at high biomass levels only some of the two-year-olds are mature (MacCall 1979).

Age-specific mortality estimates are available for the entire suite of life history stages (Butler et al. 1993).
Mortality is high at the egg and yolk sac larvae stages (instantaneous rates in excess of 0.66 d"). Adult
natural mortality rates has been estimated to be M=0.4.yr"" (Murphy 1966; MacCall 1979) and 0.51 yr' (Clark
and Marr 1955). A natural mortality rate of M=0.4 yr' means that 33% of the sardine stock would die each
year of natural causes if there were no fishery.

Pacific sardine spawn in loosely aggregated schools in the upper 50 meters of the water column. Spawning
occurs year-round in the southern stock and peaks April through August between Point Conception and
Magdalena Bay, and January through April in the Gulf of California (Allen etal. 1990). Off California, sardine
eggs are most abundant at sea surface temperatures of 14°C to 16°C and larvae are most abundant at 13°C
to 16°C. Temperature requirements are apparently flexible, however, because eggs are most common at
17°C to 21°C and in the Gulf of California and at 22°C to 25°C off Southern Baja (Lluch-Belda et al. 1991).

The spatial and seasonal distribution of spawning is influenced by temperature. During periods of warm
water, the center of sardine spawning shifts northward and spawning extends over a longer period of time
(Butler 1987; Ahlstrom 1960). Recent spawning has been concentrated in the region offshore and north of
Point Conception (Lo et al. 1996). Historically, spawning may also have been fairly regular off central
California. Spawning was observed off Oregon, and young fish were seen in waters off British Columbia
in the early fishery (Ahlstrom 1960) and during recent years (Hargreaves et al. 1994). The main spawning
area for the historical population off the U.S. was between Point Conception and San Diego, California, out
to about 100 miles offshore, with evidence of spawning as far as 250 miles offshore (Hart 1973).

Sardine are oviparous multiple-batch spawners with annual fecundity that is indeterminate and highly age
or size dependent. Butler et al. (1993) estimate that two-year-old sardine spawn on average six times per
year whereas the oldest sardine spawn 40 times per year. Both eggs and larvae are found near the surface.
Sardine eggs are spheroid, have a large perivitelline space, and require about three days to hatch at 15°C.

Sardine are planktivores that consume both phytoplankton and zooplankton. When biomass is high, Pacific
sardine may consume a significant proportion of total organic production in the California Current system.
Based on an energy budget for sardine developed from laboratory experiments and estimates of primary
and secondary production in the California Current, Lasker (1970) estimated that annual energy
requirements of the sardine population wouid have been about 22% of the annual primary production and
220% of the secondary production during 1932 to 1934, a period of high sardine abundance.

Pacific sardine are taken by a variety of predators throughout all life stages. Sardine eggs and larvae are
consumed by an assortment of invertebrate and vertebrate planktivores. Although it has not been
demonstrated in the field, anchovy predation on sardine eggs and larvae was postulated as a possible
mechanism for increased larval sardine mortality from 1951 through 1967 (Butler 1987). There have been
few studies about sardine as forage, but juvenile and adult sardine are consumed by a variety of predators,
including commercially important fish (e.g., yellowtail, barracuda, bonito, tuna, marlin, mackerel, hake, -
salmon, and sharks), seabirds (pelicans, gulls, and cormorants), and marine mammals (sea lions, seals,
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porpoises, and whales). In all probability, sardine are fed on by the same predators (including endangered
species) that utilize anchovy (Table 1.1.2-1). ltis also likely that sardine will become more important as prey
as their numbers increase. For example, while sardine were abundant during the 1930s, they were a major
forage species for both coho and chinook salmon off Washington (Chapman 1936).

1.3.3 Abundance, Recruitment, and Population Dynamics

Extreme natural variability and susceptibility to recruitment overfishing are characteristic of clupeoid stocks
like Pacific sardine (Cushing 1971). Estimates of the abundance of sardine from 1780 through 1970 have
been derived from the deposition of fish scales in sediment cores from the Santa Barbara basin off southern
California (Soutar and Issacs 1969, 1974; Baumgartner etal. 1992). Significant sardine populations existed
throughout the period with biomass levels varying widely. Both sardine and anchovy populations tend to
vary over periods of roughly 60 years, although sardine have varied more than anchovy. Sardine population
declines were characterized as lasting an average of 36 years; recoveries lasted an average of 30 years.
Biomass estimates of the sardine population inferred from scale-deposition rates in the 19th and 20th
centuries (Soutar and Isaacs 1969; Smith 1978) indicate that the biomass peaked in 1925 at about
six million mt (Table 1.3.3-1).

Sardine age-three and older were fully recruited to the historical fishery until 1953 (MacCall 1979). Recent
fishery data indicate that sardine begin to recruit at age. Age-dependent availability to the fishery likely
depends upon the location of the fishery; young fish are unlikely to be fully available to fisheries located in
the north and old fish are unlikely to be fully available to fisheries south of Point Conception.

Sardine spawning biomass (Table 1.3.3-1) estimated from catch-at-age analysis averaged 3.5 million mt
from 1932 through 1934, fluctuated between 1.2 million mt to 2.8 million mt over the next ten years, then
declined steeply during 1945 through 1965, with some short-term reversals following periods of particularly
successful recruitment (Murphy 1966; MacCall 1979). During the 1960s and 1970s, spawning biomass
levels were thought to be less than about five thousand to ten thousand mt (Barnes et al. 1992). The
sardine stock began to increase by an average rate of 27% annually in the early 1980s (Table 1.3.3-1,
Barnes et al. 1992). Recent estimates (Hill et al. 1998) indicate that the total biomass of sardine age one
or older had increased to about 420,000 mt to 570,000 mt by 1997.

Recruitment success in sardine is generally autocorrelated and affected by environmental processes occurring
on long (decadal) time scales. Lluch-Belda et al. (1991) and Jacobson and MacCall (1995) demonstrated
relationships between recruitment success in Pacific sardine and sea surface temperatures measured over
relatively long periods (i.e., three years to five years). Their results suggest that equilibrium spawning biomass
and potential sustained yield is highly dependent upon environmental conditions associated with elevated sea
surface temperature conditions.

Recruitment of Pacific sardine is highly variable (Table 1.3.3-1). Analyses of the sardine stock recruitment
relationship have been controversial, with some studies showing a density-dependent relationship (production
of young sardine declines at low levels of spawning biomass) and others finding no relationship (Clark and
Marr 1955; Murphy 1966; MacCall 1979). The most recent study (Jacobson and MacCall 1995) found that
both density-dependent and environmental factors to be significant and important.

MacCall (1979) estimated that the average potential population growth rate of sardine was 8.5% during the
historical fishery while the population was declining. He concluded that, even with no fishing mortality, the
population on average was capable of little more than replacement. Jacobson and MacCall (1 995) obtained
similar results for cold, unproductive regimes, but also found that the stock was very productive during warmer
regimes.

MSY for the historical Pacific sardine was estimated to be 250,000 mt annually (MacCall 1979; Clark 1939),
which is far below the catch of sardine during the peak of the historical fishery. Jacobson and MacCall (1995)
found that MSY depends on environmental conditions.
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1.3.4  Fishery Utilization

The sardine fishery was first developed in response to demand for food during World War |.  Landings
increased from 1916 to 1936, and peaked at over 700,000 mt. The Pacific sardine supported the largest
fishery in the western hemisphere during the 1930s and 1940s, with landings along the coast in British
Columbia, Washington, Oregon, California, and Mexico. The fishery declined, beginning in the late 1940s and
with some short-term reversals, to extiremely low levels in the 1970s. There was a southward shift in the catch
as the fishery decreased, with landings ceasing in the northwest in 1947 through 1948, and in San Francisco
in 1951 through 1952. Sardine were primarily used for reduction to fish meal, oil, and as canned food, with
small quantities taken for live bait. An extremely lucrative dead bait market developed in central California
in the 1960s.

In the early 1980s, sardine began to be taken incidentally with Pacific (chub) mackerel and jack mackerel in
the southern California mackerel fishery and primarily canned for pet food, although some were canned for
human consumption. As sardine continued to increase in abundance, a directed purse-seine fishery was
reestablished. Sardine landed in the directed sardine fisheries off southern and central California are mostly
canned for human consumption and sold overseas, with minor amounts sold fresh for human consumption
and animal food. Small quantities are harvested for dead bait and live bait. Sardine landed in Mexico are
used primarily for reduction. Sardine landings data are given in Table 2.1.1-1.

1.3.5 Current Management

Pacific sardine are currently managed by California Department of Fish and Game (CDFG) with technical
assistance and data from NMFS. State regulations allow a directed sardine fishery in years when the sardine
spawning biomass exceeds 18,200 mt (20,000 short tons).

In recent years, California sardine quotas have been set using the formula Quota=(Biomass-50,000) x 20%
x 59% where 20% is a target harvest rate for the entire stock and 59% is the portion of the stock available to
the California fishery. One third of the total California sardine is allocated to boats operating north of San
Simeon Point (San Luis Obispo County, California), and two thirds is allocated to boats operating to the south.
On October 15 of each year, the total remaining state-wide quota is allocated 50-50 to the northern and
southern areas. Tolerance limits for sardine (similar to bycatch allowances in this FMP) are used to manage
bycatch and may be, by law, 15% to 45% by weight in each delivery. The 1998 California quota, based on
a total biomass estimate of 464,000 short tons (421,000 mt), was 48,000 short tons (44,000 mt).

TABLE 1.3.3-1. Estimates of sardine biomass (1,000 mt). Data prior to 1984 are biomass of sardine age two and older and
recruits in millions of age-two fish. Data beginning in 1984 are biomass of sardine age one and older and recruits in millions
of age-one fish. Age-two fish prior to 1984 and age-one fish beginning in 1984 were of similar size, maturity, and biologically
equivalent.” Biomass estimates for recent years are for the stock available to the California fishery and likely underestimate
biomass for the stock as a whole.

Spawning Biomass Spawning Biomass

Scale of il . Scale of d/ .
Year Deposition” Catch At-age” GLM™ Recruits Year Deposition Catch At-age™ GLM Recruits
1910 1738 1955 170 166 382
1915 2444 1956 108 124 264
1920 5055 1957 90 132 588
1925 6226 1958 177 284 1586
1930 5300 1959 122 267 905
1932 3523 3981 1960 88 176 288
1933 3414 8860 1961 54 78 111
1934 3624 14202 1962 27 24 74
1935 2844 4098 1963 21 30 56
1936 1688 2821 1964 11 11
1937 1206 5383 1965 3
1938 1201 6940 Data Not Available 1966 through 1982
1939 1607 6763 1983 5 125
1940 1760 11808 1984 13 172
1941 2457 14442 1985 18 151
1942 2064 6152 1986 25 561
1943 1677 3268 1987 56 536
1944 1206 3720 1988 81 910
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TABLE 1.3.3-1. Estimates of sardine biomass (1,000 mt). Data prior to 1984 are biomass of sardine age two and older and
recruits in millions of age-two fish. Data beginning in 1984 are biomass of sardine age one and older and recruits in millions
of age-one ;i}sh Age-two fish prior to 1984 and age-one fish beginning in 1984 were of similar size, maturity, and biologically
equivalent.” Biomass estimates for recent years are for the stock available to the California fishery and likely underestimate
biomass for the stock as a whole.

Spawning Biomass Spawning Biomass

Scale of oy . Scale o o 4
Year Deposition ' Catch At-age” GLM™ Recruits Year Deposition Catch At-age GLM Recruits
1945 720 2385 1989 122 708
1946 566 1625 1990 135 2754
1947 405 1667 1991 . 159 3235
1948 740 3875 1992 243 1984
1949 793 4261 1993 217 4732
1950 780 3690 1994 323 6818
1951 277 176 290 1995 357 5511
1952 136 101 397 1996 476 237
1953 202 6 972 1997 418
1954 239 216 1197

a/ Forexample, there were 3,532,000 mt of sardine in 1932, and the 1932 year class produced 3,981,000 age-two recruits.

b/ Estimates from scale-deposition rates converted to biomass (Smith 1978).

¢/ Catch-at-age estimates of biomass and recruitment from VPA for 1932 to 1944 (Murphy 1966), VPA for 1945 through
1965 (MacCall 1979), and CANSAR/TAM for 1983 through 1997 (Hill et al. in preparation).

d/ Estimates from a general linear model (Barnes et al. 1992).

1.4 Pagific (Chub) Mackerel

Pacific (chub) mackerel (Scomber japonicus) found off the Pacific coast of the U.S. are often called “blue” or
“chub” mackerel and are the same species as mackerel of various names found elsewhere in the Pacific,
Atlantic, and Indian oceans (Collett and Nauen 1983). A synopsis of the biology of Pacific (chub) mackerel
is available in Schaefer (1980) and references cited below. The northeastern Pagific stock (see below) is
included in this FMP.

1.4.1  Distribution and Habitat

Pacific (chub) mackerel in the northeastern Pacific range from Banderas Bay, Mexico, to southeastern Alaska,
including the Gulf of California (Hart 1973). They are common from Monterey Bay, California, to Cabo San
Lucas, Baja California, but are most abundant south of Point Conception. Pacific (chub) mackerel usually
occur within 20 miles of shore, but have been taken as far offshore as 250 miles (Fitch 1969; Frey 1971; Allen
et al. 1990; MBC 1987).

There are three spawning stocks along the Pacific coasts of the U.S. and Mexico: one in the Guif of
California, one in the vicinity of Cabo San Lucas, and one extending along the Pacific coast north of Punta
Abreojos, Baja California (Collette and Navem 1983; Allen et al. 1990; MBC 1987). The latter “northeastern
Pacific” stock is harvested by fishers in the U.S. and Mexico and included in this FMP.

Pacific (chub) mackerel adults are found in water ranging from 10.0°C to 22.2°C (MBC 1987), and larvae may
be found in water around 14°C (Allen et al. 1990). As adults, Pacific (chub) mackerel may move north in
summer and south in winter between Tillamook, Oregon, and Magdalena Bay, Baja California: northerly
movement in the summer peaks during El Nifio events (MBC 1987). There is an inshore-offshore migration
off California, with increased inshore abundance from July to November and increased offshore abundance
from March to May (Cannon 1967; MBC 1987). Adult Pacific (chub) mackerel are commonly found near
shallow banks. Juveniles are found off sandy beaches, around kelp beds, and in open bays. Adults are found
from the surface to depths of 300 meters (Allen et al. 1990). Pacific (chub) mackerel often school with other
pelagic species, particularly jack mackerel and Pacific sardine.

1.4.2 Life History

The largest recorded Pacific (chub) mackerel was 63 cm long and weighed 2.8 kg, but Pacific (chub) mackerel
taken by commercial fishing seldom exceed 40 cm or one kilogram (Hart 1973; Roedel 1938). The oldest
recorded age for a Pacific (chub) mackerel was 11 years, but most caught commercially are less than four-
years-old (Fitch 1951). Some Pacific (chub) mackerel mature as one-year-olds, and all are sexually mature
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by age four (Prager and MacCall 1988). The annual rate of natural mortality (M) is thought to be about 0.5
yr'", which means that 39% of the stock would die each year of natural causes in the absence of fishing
(Parrish and MacCall 1978).

Pacific (chub) mackerel larvae eat copepods and other zooplankton including fish larvae (Collette and Nauen
1983: MBC 1987). Juveniles and adults feed on small fish, fish larvae, squid, and pelagic crustaceans such
as euphausids (Clemens and Wilby 1961; Turner and Sexsmith 1967; Fitch 1969; Fitch and Lavenberg 1971;
Frey 1971; Hart 1973; Collette and Nauen 1983).

Pacific (chub) mackerel in the northeastern Pacific stock spawn from Eureka, California, south to Cabo San
Lucas in Baja California (Frey 1971; MBC 1987) between three and 320 km from shore. They seldom spawn
north of Point Conception (Fritzsche 1978; MBC 1987) although young-of-year mackerel have been recently
reported as far north as Oregon and Washington due, perhaps, to current warm sea surface temperatures.
Spawning peaks from late April to July (MacCall and Prager 1988). Like most coastal pelagic species, Pacific
(chub) mackerel have indeterminate fecundity and seem to spawn whenever sufficient food is available and
appropriate environmental conditions prevail. Actively spawning fish appear capable of spawning every day
or every other day (Dickerson et al. 1992).

Pacific (chub) mackerel larvae are subject to predation from a number of invertebrate and vertebrate
planktivores. Juveniles and adults are eaten by larger fish, marine mammals, and seabirds. Predators
include porpoises, California sea lions (Zalophus californianus), brown pelican (Pelecanus occidentalis),
striped marlin (Terapturus audax), black marlin (Makaira indica), sailfish (Istiophorus platypterus), bluefintuna
(Thunnus thynnus), white sea bass (Atractoscion nobilis, yellowtail (Seriola dorsalis), giant sea bass
(Stereolepis gigas), and various sharks (MBC 1987). Although consumed in significant numbers by a wide
variety of predators, Pacific (chub) mackerel are likely not as important as forage than Pacific sardine or
northern anchovy which are smaller in size (i.e., available to a wider variety of predators) and often more
abundant.

1.4.3 Abundance, Recruitment, and Population Dynamics

Biomass of Pacific (chub) mackerel (Table 1.4.3-1) declined from more than 200,000 mt in the early 1930s
to less than 100,000 mt by 1945 and to very low levels in the late 1960s and early 1970s. Strong year- classes
appeared in the late 1970s, and abundance increased dramatically after 1977. After 1982, Pacific (chub)
mackerel biomass declined steadily, but remained greater than 200,000 mt until 1992. During 1993 through
1996, Pacific (chub) mackerel biomass off the Southern California Bight declined further to about 121,000 mt
(Yaremko et al., In press). Analyses of scale-deposition data for Pacific (chub) mackerel (Soutar and Issacs
1974) indicate that the prolonged period of high biomass levels during the late 1970s and 1980s was an
unusual event that might be expected to occur, on average, about once every 60 years (MacCall et al. 1985).

Recruitment of Pacific (chub) mackerel is variable and loosely linked to spawning biomass. Reproductive
success, measured as spawning biomass divided by number of recruits, is highly variable and somewhat
cyclic (MacCall et al. 1985).

MacCall et al. (1985) estimated that Pacific (chub) mackerel might sustain average yields of from 26,000 mt
to 29,000 mt per year under management systems similar to that currently used to manage the stock.

1.4.4 _ Fishery Utilization

Pacific (chub) mackerel in the northeastern Pacific are harvested by commercial fisheries in California and
Mexico: some recreational harvest also occurs. Pacific (chub) mackerel are sold as fresh fish, canned for
human consumption, pet food, and reduced to fish meal and oil. Landings data are given in Table 2.1.1-1.

Pacific (chub) mackerel are often taken by anglers and in considerable numbers, though seldom as a target
species (Allen et al. 1990). During 1980 through 1989, the recreational catch averaged 1,330 mt per year
(Wolf 1989,) and Pacific (chub) mackerel was numerically the most important species taken in the California
commercial passenger fishing boat fleet during the period of 1978 through 1989.
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1.4.5  Current Management

Pacific (chub) mackerel are currently managed by the State of California. If the estimated biomass is greater
than 135,000 mt, then the commercial catch is not restricted by a quota. If the biomass is between 18,000 mt
and 135,000 mt, then a quota equal to 30% of the biomass above 18,000 short tons is applied. If the biomass
is below 18,000 mt, commercial fishing stops. The history of Pacific (chub) mackerel fishery and management
is described in Klingbeil (1983).

TABLE 1.4.3-1. Biomass estimates (1,000 mt) for Pacific
(chub) mackerel from Hill et al. (In press).

Year Biomass Year Biomass
1929 156 1964 27
1930 223 1965 5
1931 297 1966 3
1932 367 1967 2
1933 353 1968 2
1934 292 1969 1
1935 194 1970 0
1936 129 1971 1
1937 115 1972 1
1938 106 1973 2
1939 117 1974 4
1940 91 1975 10
1941 86 1976 12
1942 114 1977 82
1943 105 1978 142
1944 83 1979 452
1945 64 1980 594
1946 40 1981 684
1947 20 1982 1,176
1948 53 1983 1,049
1949 56 1984 902
1950 39 1985 772
1951 21 1986 692
1952 7 1987 638
1953 22 1988 526
1954 53 1989 453
1955 49 1990 371
1956 54 1991 307
1957 29 1992 202
1958 19 1993 171
1959 38 1994 146
1960 43 1995 120
1961 65 1996 124
1962 78 1997 126
1963 56

1.5 Market Squid

Market squid (Loligo opalescens) along the West Coast of North America were studied during 1960-1980
(Recksiek and Frey 1978; Symposium of the 1978 CalCOFI Conferenoe”), but little research applicable to
fisheries management was carried out until the 1997 CalCOF| Squid Symposium. The 1997 CalCOFI
Symposium initiated an intensive research program conducted collaboratively by state, federal and academic
biologists and funded by license fees for squid fishing. Results from the ongoing research program are not
yet available.

1/ See papers by various authors published during 1979 in: California Cooperative Oceanic Fishing
Investment Report 20: 21-71.
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1.5.1 __ Distribution and Habitat

Adult and juvenile market squid (Dickerson and Leos 1992) are distributed throughout the California and
Alaska current systems from the southern tip of Baja California, Mexico (23° N Latitude) to southeastern
Alaska (55° N Latitude). They are most abundant between Punta Eugenio, Baja California and Monterey Bay,
central California. Market squid are harvested near the surface and generally considered pelagic, but are
actually found over the continental shelf from the surface to depths of at least 800 meters. They prefer
oceanic salinities and are rarely found in bays, estuaries, or near river mouths (Jefferts 1983). Adults and
juveniles are most abundant between temperatures of 10°C and 16°C (Roper et al. 1984).

Spawning squid concentrate in dense schools near spawning grounds, but habitat requirements for spawning
are not well understood. Spawning occurs over a wide depth range, but the extent and significance of
spawning in deep water is unknown. Known major spawning areas are shallow semi-protected near-shore
areas with sandy or mud bottoms adjacent to submarine canyons where fishing occurs. In these locations,
egg deposition is between five (Jefferts 1983) and 55 meters (Roper and Sweeney 1984), and most common
between 20 meters and 35 meters. Off California, squid and squid eggs have been taken in bottom trawls
at depths of about 800 meters near Monterey (Bob Leos, California Department of Fish and Game, personal
communication) and have been observed at 180 meters near the Channel Islands (Roper and Sweeney
1984).

Attempts to differentiate squid stocks using anatomical and genetic characters have been inconclusive. Thus,
the number of market squid stocks or subpopulations along the Pacific Coast is unknown.

1.5.2  Llife History

Market squid are small short-lived molluscs reaching a maximum size of 30 cm total length, including arms
(Roper and Sweeney 1984). Age and growth studies suggest than some individuals may live up to two years,
but most mature and spawn when about one-year-old (Spratt 1979). Inthe laboratory squid have been reared
to maturity and spawned at six months of age. Histological examination of squid testes and ovaries using
electron microscopy suggests that squid spawn once over a short time period before dying (Greib 1978; Knipe
1978), although this is a topic of current research and some debate.

Spawning occurs year-round (Jefferts 1983). Peak spawning usually begins in southern California during the
fall-spring. Off central California, spawning normally begins in the spring-fall. Squid spawning has been
observed off Oregon during May to July. Off Washington and Canada, spawning normally begins in late
summer. Year-round spawning likely reduces effects of poor temporary local conditions for survival of eggs
or hatchlings. Year-round spawning suggests that stock abundance is not dependent on spawning success
during a single short season 