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Bay and Estuarine Finfish Resources: O
verview

Finsh species utilizing California’s bays and estuaries 
include the sturgeons, gobies, cow sharks, smelts, 

striped bass, Pacic herring, and California halibut. Many 
of these sh move between bays and estuaries and open 
Pacic waters. Several are dependent on bay and estua-
rine systems for their entire life histories. While numerous 
shery resources, such as salmonids, Dungeness crab, and 
many of the marine mammals also occur in or utilize the 
state’s bay and estuarine habitats, only the species that 
are principally dependant on this ecosystem for reproduc-
tion, or life stage development are discussed in this chap-
ter. Surf and night smelts, which are not dependent on 
bay and estuarine habitats are included in this chapter 
due to the layout of the document which combined true 
smelts into a single paper. Coastal nsh species which 
utilize bays and estuaries as nursery grounds or for other 
purposes, but are discussed elsewhere in this document, 
include the salmonids, leopard shark, bat rays, some of 
the croakers, many of the surfperches, brown rocksh, 
and several atshes. 

Bay and estuarine species support important commercial 
and/or sport sheries. It is estimated that California’s 
striped bass sport shery has an annual economic value 
of more than $45 million. Add to this, the commercial 
value of sheries for Pacic herring and the commercial 
passenger shing vessel eet targeting shark and other 
bay and estuarine species, and the overall annual value of 
sheries specic to California’s bays and estuaries range 
into the hundreds of millions of dollars. On the basis 
of economics alone, California’s bay and estuary nsh 
species are very important resources.

In addition to being a food source and nancial resource 
for human populations, many of the nsh species 
included here are an important food source for a diverse 
group of foraging marine sh, birds and mammals. Herring 
spawning, in particular, provides a highly utilized opportu-
nity for feeding by other marine organisms. As herring 
move into shallow bay waters to spawn, a feeding frenzy 
often occurs which can last for several days. Gulls, cormo-
rants, pelicans and other marine birds, California sea lions 
and harbor seals, a variety of sh, including sturgeon, and 
invertebrates feast on the adult herring and the develop-
ing embryos. Fish species such as Pacic herring and many 
of the smelt are a principal food source for marine organ-
isms at the higher trophic levels. Fluctuation in the health 
and abundance of these higher trophic level species often 
can be traced to the population uctuations of plankton 
feeders such as herring and smelt.

Bay and Estuarine 
Finfish Resources: 
Overview

The nsh species found in the state’s bays and estuaries 
serve as an index of the overall health of these important 
ecosystems. California’s estuaries are heavily inuenced 
by urbanization. While the more severe human impacts 
of such urbanization (lling of wetlands, for example) can 
be seen throughout the bay and estuarine ecosystems, 
the more subtle impacts tend to be chronic. Some of the 
chronic impacts are identied though long-term studies 
of specic indicator species. For example, while some 
impacts of increased diversions of water from the San 
Francisco Bay Delta to the state and federal water proj-
ects during the 1970s, could be determined through a 
decrease in freshwater outow through the estuary, the 
impacts on sh were not immediately known. However, 
studies by the California Department of Fish and Game 
noted a decline in annual striped bass sports catch 
rates from over 750,000 in the early 1960s to approxi-
mately 52,000 sh in 1994. The DFG determined that the 
reduction in adult striped bass population was due to 
reduced recruitment of young sh and a decline in adult 
survival rates. This decline also correlated directly with 
the increase in Delta pumping. By 1998, catch rates had 
rebounded to approximately 295,000 sh, most likely as a 
result of increased sh abundance and renewed interest in 
the shery. In recent years, recruitment has continued to 
increase as a result of improved survival of striped bass 
between the ages of zero and three. 

Other measures of bay and estuarine health can be 
inferred through analysis of bioaccumulation of chemicals 
in sh species such as white sturgeon. Although this chap-
ter does not directly address contaminant concerns, it 
remains that the overall health and abundance of bay and 
estuarine nsh species can serve as a looking glass into 
this often troubled environment.

Eric J. Larson
California Department of Fish and Game

Sportfishing at Golden Gate Bridge for striped bass.
Credit: Chris Dewees, California Sea Grant Extension Program
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History of the Fishery

Pacic herring (Clupea pallasi) landings peaked three 
times during the past century in response to market 

demands for shmeal, canned sh, and sac-roe. During the 
intervening years, herring catches were low, when most of 
the herring catch was used as pet food, bait, or animal 
food at zoos. The herring reduction shery peaked in 1918 
at eight million pounds, but this shery ended in 1919 
when reduction of whole sh into shmeal was prohibited. 
From 1947 to 1954 herring were canned to supplement 
the declining supply of Pacic sardines; landings peaked 
in 1952 at 9.5 million pounds. Canned herring, however, 
proved to be a poor substitute for sardines and limited 
demand led to the demise of this shery by 1954. 

In 1973, sac-roe sheries along the West Coast of North 
America from Alaska to California developed to supply 
the demands of the Japanese market. This occurred after 
domestic Japanese stocks crashed and Japan and the 
Soviet Union agreed to ban the harvest of sac-roe herring 
in the Sea of Okhotsk. The ban was enacted after these 
stocks were depleted by overshing. The Japanese gov-
ernment also liberalized import quotas, which opened the 
sac-roe market to United States and Canadian exporters. 
Since then, herring in California have been harvested 
primarily for their roe, with small amounts of whole her-
ring marketed for human consumption, aquarium food, 
and bait. 

Herring ovaries (commonly referred to as “skeins” by 
those in the shing indusrty) are brined and prepared as 
a traditional Japanese New Year’s delicacy called “kazu-
noko.” Brined skeins are leached in freshwater overnight 
and served with condiments or as sushi. Most herring 
taken in California are trucked from the port of landing 
to a processing plant for removal of skeins and brining 
and grading. Skeins are graded by size, color and shape, 
packed in plastic pails, exported for sale, and auctioned. 
Some herring are frozen and exported to China for pro-
cessing where labor costs are low. Herring skeins from 
San Francisco Bay are typically smaller in size than those 
produced in British Columbia and Alaska but are highly 
valued for their unique golden coloration.

California sac-roe herring landings peaked in the 1996-1997 
season at 23.6 million pounds, and then fell to a record 
low harvest of four million pounds the following season. 
Ocean conditions due to the 1997-1998 El Niño produced 
herring in poor condition which were less susceptible to 
gillnet gear resulting in reduced landings. In addition, 
herring may have been displaced by changes in ocean 
currents, which are also attributed to El Niño, resulting 
in downswings of stock size. Stocks showed signs of 
rebuilding in the 1998-1999 season but declined again 
in 1999-2000 in spite of favorable La Niña conditions. 
Landings increased, however, to 6.8 million pounds in 
1999-2000 season due to much improved physical condi-
tion of sh from the previous season.

The sac-roe shery is limited to California’s four largest 
herring spawning areas: San Francisco Bay, Tomales Bay, 
Humboldt Bay, and Crescent City Harbor. San Francisco 
Bay has the largest spawning population of herring and 
produces more than 90 percent of the state’s herring 
catch. The four spawning areas are managed separately by 
the California Department of Fish and Game (DFG); catch 
quotas are based on the latest population estimates from 
acoustic surveys and spawning-ground surveys. Quotas are 
adjusted annually and are generally set at about 15 per-
cent of the amount of herring expected to return to 
spawn at each spawning area. Since quotas are set before 
the start of the spawning season, they are conservative 
and allow for potential declines in herring biomass. If 
the herring biomass declines, and spawning escapement 
is less than expected, the landings may approach the 
department’s recommended maximum harvest rate of 
20 percent.

The sac-roe shery is managed through a limited-entry 
system, which was implemented in the 1973-1974 season 
with 17 permits issued. Since 1983, only ve new permits 
have been issued, and the number of annual herring per-
mits has stabilized at just over 450. Approximately 400 
of the permits are for the San Francisco Bay shery in 
which an estimated 120 vessels participate. During the 
1979-1980 season, the Fish and Game Commission decided 
not to issue any new round haul permits for the San 
Francisco Bay shery with the intent of converting the sac-
roe shery to gillnet only by attrition. When it was clear 
that the number of round haul permits would not decline 
further due to the transferability of permits in 1988, 
the DFG developed a ve-year conversion plan, which 
was implemented in the 1993-1994 season. The 1997-1998 
season marked the completion of the San Francisco Bay 
sac-roe shery conversion to a gillnet only shery.

The sac-roe shery, like many quota sheries, is extremely 
competitive among shermen and buyers for a share of 
the catch. Competition tends to breed innovation, espe-
cially with respect to gear, boats, and shing practices Pacific Herring, Clupea pallasi

Credit: DFG
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in this potentially lucrative and high-pressure shery. One 
of the more noticeable changes has occurred in boat 
design. The composition of the San Francisco eet slowly 
evolved from converted wooden and berglass stern pick-
ing salmon trollers to fast state-of-the-art welded alumi-
num bow pickers, many outtted with multiple jet drives 
and the latest in sh nding electronics. One piece of 
equipment that increased the efciency of the gillnet 
eet was the net shaker, a hydraulically driven drum with 
ns, working in concert with the net drum. This device 
shakes the net free of sh, eliminating the need to shake 
the net by hand. As a result of these and other changes, 
the sac-roe eet has become very efcient. 

Herring buyers pay shermen based on the percentage of 
ripe skeins in the catch. This is calculated from several 
random 10-kilogram samples per landing taken by roe 
technicians. Each sh sampled is sexed and ripe skeins 
are extracted, placed on a scale and weighed. The total 
weight of the ripe skeins is then divided by 10 kilograms, 
resulting in the “roe count” or roe percentage. A typical 
“roe count” for the San Francisco shery in January is 13 
to 14 percent. The ex-vessel price paid is based on 10 
percent yield, and is adjusted for percentage points above 
or below. A yield of 10 percent or higher is considered the 
minimum acceptable by the sac-roe buyers. In the year 
2000, the base price for California herring with 10 percent 
roe yield was an estimated $500 per ton of whole sh. 
The base price for 10 percent roe count sh peaked at 
an estimated $2,000 per ton in 1979, when landing values 
reached as high as $4,000 per ton when adjusted for roe 
percentage. In recent years, the base price has ranged 
between $500 and $2,000 per ton. Since 1980, the ex-
vessel seasonal value of the sac-roe catch in California has 
ranged from two million to 19.5 million dollars.

Another aspect of California’s herring industry is the roe-
on-kelp shery. Beginning in 1965, scuba divers harvested 
species of algae with herring eggs attached from Tomales 
and San Francisco Bays. In the 1984-1985 season, a sac-roe 

permittee received a permit on an experimental basis to 
harvest roe-on-kelp using unenclosed oating rafts from 
which fronds of giant kelp are suspended. This product 
known as “komochi kombu” or “kazunoko kombu” is 
also a Japanese delicacy and prepared similarly to kazu-
noko. There are 11 roe-on-kelp permits for the 2000-2001 
shery in San Francisco Bay. Permits are available to 
permittees willing to trade their sac-roe permits for 
roe-on-kelp permits.

Currently, giant kelp is harvested from the Channel Islands 
off southern California or Monterey Bay, brought to San 
Francisco Bay, suspended from oating rafts or longlines 
hung beneath piers. Rafts are positioned in locations 
where herring spawning is expected to occur and then 
anchored. Once spawning has commenced, suspended 
kelp is left in the water until egg coverage is sufcient, 
or spawning has ended. In some instances, suspended 
kelp is harvested prematurely with less than optimum 
coverage because freshwater surface runoff may cause 
product deterioration.

Preliminary roe-on-kelp product grading is conducted by 
the permittee prior to harvest to determine if coverage 
is ample enough to warrant harvesting. Once the product 
is harvested, grading criteria such as the dimensions of 
the kelp blade, uniformity of egg coverage, thickness or 
number of egg layers, kelp condition, presence of eyed 
embryos, and the presence of silt are all used to deter-
mine the price paid to the sherman. Roe-on-kelp has a 
per pound value much higher than herring roe. Ex-vessel 
prices range from $4 to $20 per pound. 

Herring regulations changed yearly as the shery 
expanded and new conicts or issues were addressed. 
Management concepts new to commercial shing in Cali-
fornia were introduced as the herring shery developed, 
such as limited entry, permits issued by lottery, individual 
vessel quotas, quota allocation by gear, the platoon 
system used to divide gillnet vessels into groups, the 
transferability of sac-roe shery permits, and the conver-
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sion of round haul permits to gillnet permits. Many of 
these were controversial management decisions, but they 
have proven to be effective solutions to socioeconomic 
conicts in a congested shery.

Status of Biological Knowledge

Pacic herring occur within the coastal zone (waters of 
the Continental Shelf) from Baja California to Alaska 

and across the Pacic rim to Japan and China. Known 
spawning areas in California include San Diego Bay, San 
Luis River, Morro Bay, Elkhorn Slough, San Francisco Bay, 
Tomales Bay, Bodega Bay, Russian River, Noyo River, Shel-
ter Cove, Humboldt Bay, and Crescent City Harbor. Califor-
nia’s largest spawning population of herring utilizes San 
Francisco Bay. Most spawning areas are characterized as 
having reduced salinity, calm and protected waters, and 
spawning-substrate such as marine vegetation or rocky 
intertidal areas; however, man-made structures such as 
pier pilings and riprap are also frequently used spawning 
substrates in San Francisco Bay.

Results of tag and recovery studies from Canada indicate 
that 25 percent of the herring may stray between adjacent 
spawning areas in British Columbia. The problem of stock 
identication has not been resolved in California, and it 
is not known whether adjacent spawning areas contain 
genetically distinct stocks. However, each spawning area 
in California where herring shing is allowed is managed 
on the assumption that its spawning population is a sepa-
rate stock. 

During the spawning season (November through March), 
schools of herring enter bays and estuaries, where they 
may remain up to three weeks before spawning. School 
size varies but can be as large as tens of thousands of 
tons and miles in length in San Francisco Bay. Salinity 
is an important factor in the success of fertilization and 
embryonic development, and reduced salinity may act as a 
cue for spawning. When a school is ready to spawn, male 
herring initiate spawning by releasing milt. A pheromone 
in the milt triggers spawning by females which lay their 
adhesive eggs on suitable substrate. Fecundity is 220 eggs 
per gram of body weight, and a large female herring may 
lay 40,000-50,000 eggs. Female herring come in contact 
with the substrate while spawning, extruding a strip of 
adhesive eggs that is two to three eggs wide. Repeated 
passes by thousands upon thousands of females can build 
the eggs up to a thickness of four to ve layers. Spawn 
depth distribution generally is shallower than 30 feet 
deep, but has been found to a depth of 60 feet in San 
Francisco Bay. A large spawning run may last a week and 
can result in 20 miles or more of the shoreline being 
covered by a 30-foot-wide band of herring eggs. 

During the incubation period (about 10 days) embryos are 
vulnerable to predation by marine birds, sh, and inverte-
brates. They may also die from desiccation or freezing 
if exposed during low tidal cycles. Normally, between 50 
and 99 percent of herring embryos die before hatching. 
Human induced causes of mortality at this stage include 
smothering caused by suspended sediments from dredg-
ing, and anti-fouling agents such as creosote.

Herring embryos hatch into larvae, which eventually 
metamorphose into juvenile herring. The distribution of 
larval herring in bays and estuaries is not well known, 
but juvenile herring from San Francisco Bay have been 
found as far inland as the Delta Pumping Plant at Tracy. 
Juveniles may remain in the bay until summer or early fall, 
when they migrate to the open ocean.

Some herring reach sexual maturity at age two when they 
are about seven inches in length; all are sexually mature 
at age three. California herring may live to be nine or 
10 years old and reach a maximum length of about 11 
inches, although sh older than seven are rare. Adult her-
ring leave the bay immediately after spawning, and their 
distribution while in the ocean is not well known. Herring 
are sometimes caught in Monterey Bay in the summer, 
and are also caught by groundsh trawlers off Davenport 
(north of Santa Cruz) just prior to the spawning season. 

While in the ocean, adult herring feed on macroplankton 
such as copepods and euphausiids. Larval and juvenile 
herring are believed to feed on molluscan larvae and 
other zooplankton while in bays and estuaries. Herring 
are a forage species for a diverse group of marine shes, 
birds, and mammals. Spawning events in particular pro-
vide an opportunity for feeding. As herring move into 
shallow water to spawn, a feeding frenzy may commence 
which can last for several days. Gulls, cormorants, peli-
cans and other marine birds, California sea lions and 
harbor seals, a variety of shes (including sturgeon in San 
Francisco Bay) and invertebrates feast on adult herring 
and embryos.

Status of the Population

The size of herring spawning populations in Tomales 
and San Francisco Bays is estimated annually from 

hydroacoustic and spawning-ground surveys. Abundance 
uctuates widely due to variations in recruitment (the 
rst appearance of young sh, primarily two-year-olds, 
in the spawning population) caused by environmental fac-
tors that affect primary productivity, especially El Niño 
events. Since 1979, the San Francisco Bay herring biomass 
has ranged from a high of 99,050 tons to a low of 20,000 
tons, with peaks occurring in 1982 (99,600 tons), 1988 
(68,900 tons), and 1996 (99,050 tons). The lowest biomass 
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estimates have occurred during or just after El Niño events 
– 40,800 tons in 1984, 21,000 tons in 1993, and 20,000 
tons in 1998. The lack of upwelling and associated warm 
water conditions that occur during El Niño events reduces 
the production of food for herring, which can affect their 
condition and survival. It also may displace herring to 
areas of colder water. San Francisco Bay’s population has 
not yet recovered from the affects of the 1997-1978 El 
Niño; spawning biomass was estimated at 27,400 tons 
in 2000. 

The Tomales Bay spawning biomass estimates have ranged 
from a high of 22,163 tons in 1978 to a low of 345 tons 
in 1990 with a 26-year average of 4,671 tons per season. 
The season following the 1983 El Niño spawning biomass 
declined about 90 percent suggesting the herring popula-
tion had not escaped the effects of that strong oceanic 
event. The next four years the population remained unsta-
ble with spawning escapement in Tomales Bay alternating 
between average and very poor. During the California 
drought, which lasted from 1987 to 1992, the herring 
spawning population severely declined in Tomales Bay. 
Consequently, the department closed the Tomales Bay 
commercial herring shery from 1990 through 1992 to 
hasten the recovery of the stock. Spawning biomass in 
Tomales Bay averaged approximately 2,817 tons per season 
from 1993 through 1997; however, during the intense 
1997-1998 El Niño, spawning biomass dropped to 586 tons. 
Although the Tomales Bay population rebounded to near 
normal levels the following season, the spawning biomass 
fell to 2,011 tons in 2000. Preliminary aging of Tomales 
Bay herring, caught during the 1999 and 2000 seasons, 
shows ve- and six-year-old herring under represented 
in the spawning population. Because the Tomales Bay 
herring eet has had a very low exploitation rate since 
the 1997-1998 season, the scarcity of older sh in the 
population is most likely related to oceanic conditions – 
not overshing. 

Humboldt Bay’s spawning population has not been 
assessed since the 1990-1991 season, when 400 tons was 
estimated to have spawned. This population supported a 
small, but successful shery with a 60-ton quota for many 
years. However, over the last 12 years shermen have 
observed a decline in the spawning population, and in the 
last ve years shing effort has also declined. Only one of 
the four permits issued for Humboldt Bay has been used to 
sh in the last three seasons. It has been suggested that 
aquaculture impacts to eelgrass, the primary spawning 
habitat for herring in Humboldt Bay, may have contributed 
to the observed decline. 

Individual spawning runs have been estimated in Crescent 
City Harbor, but no seasonal population estimates have 
ever been made for the area. The success of the small 
shery that occurs there depends on the size of schools 

that appear. Because of the shing methods used and 
large local populations of harbor seals and sea lions, it 
is very difcult for shermen to catch sh from small 
schools. 

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

Diana L. Watters, Kenneth T. Oda and John Mello
California Department of Fish and Game
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History of the Fishery

In 1879, 132 young striped bass (Morone saxatilis) from 
the Navesink River, New Jersey were released into the 

San Francisco Bay estuary at Carquinez Strait. A second 
plant of 300 sh from the Shrewsbury River, New Jersey 
followed in 1882. Shortly after these introductions, striped 
bass experienced a population explosion in the estuary. 
Commercial harvesting started in the early 1880s, and 
by the turn of the century, exceeded one million pounds 
annually. The greatest recorded commercial catch, over 
two million pounds, occurred in 1903. Subsequently, 
annual catches declined due to increased restrictions on 
the shery.

In 1935, the commercial shery for striped bass was 
closed, although the stock was not depleted. The closure 
stemmed largely from a social conict between sport 
and commercial shing interests which culminated in the 
closure of the commercial gillnet sheries for chinook 
salmon and American shad in 1957. Thousands of striped 
bass that could not be legally marketed were killed annu-
ally in nets shed for these two species. Closure of the 
salmon and shad sheries reduced shing mortality for 
striped bass, but the magnitude of the reduction cannot 
be estimated because the precise extent of the incidental 
harvest is unknown. Some illegal netting continues today.

The striped bass sport shery has become the most impor-
tant shery in the San Francisco Bay estuary and one 
of the most important sheries on the Pacic Coast. 
From 1969 to 1996, a general decline in catch was associ-
ated with a decline in striped bass abundance. Over this 
period, the annual catch varied from about 444,000 sh 
in 1975 to 52,000 sh in 1994. During the early 1960s, 
the annual catch of striped bass was even larger, probably 
around 750,000 sh. In 1985, an economist estimated the 
annual value of the striped bass shery to exceed 47 
million dollars.

Striped bass angling occurs year-round, but shing locali-
ties vary seasonally in accordance with the striped bass 
migratory pattern. Tag recoveries indicate that many 
adults inhabit salt water San Pablo Bay, San Francisco 

Bay, and the Pacic Ocean in the summer. The proportion 
entering the ocean varies from year to year. These sh 
begin returning to the delta in the fall.

The distribution of shing effort and catch has changed 
substantially over the years. Before the late 1950s, little 
shing occurred in San Francisco Bay and the Pacic 
Ocean. Most of the catch came from San Pablo and Suisun 
bays, the delta, and rivers upstream. From the late 1950s 
to early 1980s, however, post-spawning striped bass gener-
ally migrated farther downstream and stayed there longer. 
Thus, shing improved in San Francisco Bay and the Pacic 
Ocean and declined in the delta. Also, the use of the 
Sacramento River as a spawning area appeared to have 
increased, improving shing there in the spring. In the 
1980s and much of the 1990s, the migrations shifted 
upstream again with Suisun Bay and the delta providing 
the bulk of the catch. However, in 1998 and 1999, shing 
once again improved substantially in San Francisco Bay 
and the ocean. While signicant environmental changes 
have occurred, data are insufcient to develop con-
clusions regarding causes of these changes in striped 
bass migrations.

Based on tag returns, in the 1970s private boat anglers 
accounted for about 63 percent, shore anglers for 19 per-
cent, and commercial passenger shing vessels for 18 per-
cent of the annual striped bass catch. By the 1990s, the 
private boat portion of the catch changed little (64 per-
cent), but the commercial passenger shing vessel portion 
decreased to nine percent and the shore catch increased 
to 27 percent of the total.  

Striped bass are generally caught by bait shing or troll-
ing, although under some conditions y-shing or casting 
plugs or jigs is effective. Common dead baits include 
threadn shad, anchovies, cut sardines, staghorn sculpins 
(bullheads), gobies (mudsuckers), shrimp, blood worms, 
and pile worms. Drift shing with live anchovies or shiner 
perch is popular in San Francisco Bay and the Pacic 
Ocean, and live golden shiner minnows or theadn shad 
are sometimes are used in the delta. Trolling methods are 
specialized. Many types of plugs, jigs, and spoons are used 
in trolling, frequently in double combinations.

Present shing regulations include an 18-inch minimum 
length and a daily bag limit of two sh. From 1956 to 1981, 
the minimum length was 16 inches and the bag limit was 
three sh. Prior to 1956, regulations were more liberal. 
A 12-inch minimum length and ve-sh bag limit generally 
was in effect.

Exploitation rates have been estimated almost annually 
since 1958. They have varied from nine percent (1989, 
1992, and 1994) to 28 percent (1963) except for an unusu-
ally high 37 percent in 1958. Exploitation in the San Fran-
cisco Bay estuary is lower than for historic exploitation Striped Bass, Morone saxatilis

Credit: DFG
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on commercially shed Atlantic Coast stocks, which were 
exploited at rates as high as 50 to 70 percent annually 
before a severe population decline in the 1980s led to very 
restrictive regulations, included shing moratoriums.

While the primary California population of striped bass is 
located in the San Francisco Bay estuary, striped bass also 
have been introduced into many other areas including the 
lower Colorado River, several reservoirs, and the Pacic 
Ocean in southern California. Conditions are generally not 
suitable for striped bass spawning in the reservoirs or in 
marine waters off southern California, so those sheries 
usually depend on maintenance stocking from hatcheries. 
However, at least two reservoir populations, Millerton and 
New Hogan, do reproduce successfully. A striped bass sh-
ery also has developed in reservoirs which are part of the 
State Water Project (SWP) and the federal Central Valley 
Project (CVP), such as San Luis Reservoir, O’Neill Forebay, 
and Pyramid and Silverwood lakes. These reservoirs are 
unintentionally stocked by young bass contained in water 
diverted from the Sacramento-San Joaquin Delta, and their 
sheries have also declined in response to the decline of the 
“source” San Francisco Bay estuary population.

Status of Biological Knowledge
Spawning and Early Nursery Period. Striped bass begin 
spawning in the spring when the water temperature 
reaches 60˚ F. Most spawning occurs between 61̊  and 69˚ 
F, and the spawning period usually extends from April 
to mid-June. They spawn in fresh water where there is 
moderate to swift current. The section of the San Joaquin 
River between the Antioch bridge and the mouth of the 
Middle River, together with the other channels in the 
area, is one very important spawning ground. Another is 
the Sacramento River from Sacramento to Colusa. About 
one-half to two-thirds of the eggs are spawned in the 
Sacramento River and the remainder in the San Joaquin 
River system. Female striped bass usually spawn for the 
rst time in their fth year when they are 22 to 25 inches 
long. Many males mature when two years old and only 
about 11 inches long. Most males are mature at age three.

Stripers are very prolic. A ve-pound, ve-year-old 
female may spawn as many as 250,000 eggs in one season, 
and a 12-pound, eight-year-old sh is capable of producing 
over a million eggs. Some striped bass live for more than 
20 years; these sh may exceed 50 pounds in weight 
and spawn several million eggs. Because of this great 
reproductive potential, striped bass were able to establish 
a large population within a few years after their introduc-
tion in California.

Striped bass typically spawn in schools at night during 
periods of warm weather when water temperatures rise. 

On one occasion, DFG biologists observed several thou-
sand striped bass at the surface along the bank of the 
Sacramento River above Knights Landing. Small groups 
of from three to six bass were observed splashing and 
churning in the main current of the river in the act of 
spawning. At times, ve or more groups of bass were 
observed spawning at one time. Usually a large female 
was accompanied by several smaller males.

During the spawning act, eggs and milt are released into 
the water. The milt contains microscopic sperm cells 
that penetrate the eggs and cause them to begin to 
develop. While the eggs are still in the female they are 
only about 0.04 inch in diameter, but upon their release 
they absorb water and increase to about 0.13 inch in diam-
eter. At this time, they are so transparent that they are 
virtually invisible. 

Striped bass eggs are only slightly heavier than water; so 
a moderate current will suspend them while they develop. 
Without any water movement they sink to the bottom and 
die. The larval bass hatch in about two days, although the 
length of time depends upon the temperature. Develop-
ment is faster when the water is warmer.

The newly hatched bass continue their development while 
being carried along in the water. At rst, the larval bass 
subsist on their yolk, but in about a week they start feed-
ing on tiny crustaceans, which are just visible to the naked 
eye. After several weeks, they begin feeding on larger 
invertebrates, such as opossum shrimp and amphipods. 
At this time, they generally inhabit the delta and Suisun 
Bay. By late July or August, the young bass are about two 
inches long.

Status of the Population

Young Striped Bass Abundance 

Reduced juvenile production was the principal cause of 
the adult striped bass population decline between the 
early 1970s and the early 1990s. Since 1959, the DFG 
has sampled young-of-the-year striped bass each summer 
(except 1966). An extensive survey is conducted every 
second week from late June to late July or early August 
throughout the nursery habitat. The sh are measured, 
and when their mean fork length reaches 1.5 inches, 
a young-of-the-year index is calculated on the basis of 
catch-per-net-tow and the volume of water in the areas 
where the sh are caught.

Young-of-the-year striped bass abundance has suffered 
an erratic but persistent decline from high index levels 
sometimes exceeding 100 in the mid-1960s to the all time 
low of only 1.4 in 1998. From 1959 to 1976, average 
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abundance of young striped bass was more than three 
times the subsequent average abundance.

Substantial effort has gone into evaluating factors control-
ling young striped bass production. Initially (1959-1970), 
annual uctuations in young bass abundance could be 
explained by a simple model based on delta freshwater 
outow which indicated that young bass production was 
much greater in years with high spring-early summer ows 
than in years with low ows. The mechanism causing 
the most abundant year classes to occur under high ow 
conditions was unknown. However, one potential explana-
tion was that when ows were high, a lower percentage 
of the ow to the delta was diverted by the combination 
of major water projects (CVP and SWP) and local delta 
agriculture. Hence, under those conditions, fewer young 
bass would be entrained in diverted water and removed 
from the estuary. Other potential explanations for the 
greater abundance in high ow years included: 1) expan-
sion of the nursery area resulting in greater habitat avail-
ability and less competition; 2) higher food production; 
3) dilution of toxicity; and 4) reduction in predation losses 
due to more turbid conditions.

In the early 1970s, production of young bass began to fall 
below the levels expected based on the initial models, 
and this decline was most acute in the delta portion 
of their nursery. During this period the SWP and CVP 
substantially increased their water export from the delta, 
resulting in greater diversion rates being associated with 
any particular ow. Minimum estimates of losses, which 
do not include sh smaller than 0.8 inches, in these 
water exports were approximately 10 to 30 million young 
striped bass annually. Maximum loss estimates approached 
or exceeded 100 million young bass in some years. Con-
trasting these losses with estimates of abundance at the 
1.5-inch stage of about 15 to 30 million sh indicates 
that signicant population impacts could be expected. 
Potential effects were taken into account by developing 
a new model which considered the delta and Suisun Bay 
separately and included both outow and diversion terms 
in the delta portion of the model. This model yielded 
reasonable predictions of young bass abundance from 1959 
to 1976 and provided additional evidence that losses of 
young sh to diversions were an important factor regulat-
ing striped bass abundance.

However, since 1977, abundance of young striped bass has 
been considerably lower than predicted by the 1959-1976 
model. Scientists representing various interests, including 
the DFG, water user groups, universities, and the Oak 
Ridge National Laboratory, have extensively evaluated 
potential causes of this decline in abundance, and gener-
ally agree that reduced egg production by the smaller 
population of adults likely is part of the explanation. 
However, consensus has not been reached on the relative 

importance of various factors that may be at the root of 
the problem. These factors include losses of young sh 
to water exports, shortages of important food organisms 
possibly limiting survival of young bass, toxic chemicals 
and trace metals inhibiting reproduction and reducing 
survival, and a shift in global climate possibly resulting 
in adults straying from the estuary. It has also 
been suggested that the effect of water exports and 
adverse factors associated with salinity encroachment 
may be reduced by density-dependent mortality after the 
rst summer.

Adult Striped Bass Abundance 

The decline of the striped bass shery in the San Francisco 
Bay estuary between the early 1960s and the present 
is a direct result of a substantial decline in the striped 
bass population. The California Department of Fish and 
Game (DFG) has measured adult (larger than 18 inches, 
about three years old) striped bass abundance with mark-
recapture (tagging) population estimates since 1969.

According to the estimates, the striped bass population 
averaged about 1.7 million adults between 1969, when the 
estimates began, and 1976. Abundance declined to as little 
as 600,000 adults in the early 1990s, but had increased to 
about 1.3 million in 1998. A combination of much greater 
catches by the shery and tag returns suggest that the 
striped bass population had about three million adults in 
the early 1960s. The reduction in the adult stock through 
the early 1990s was principally due to reduced recruit-
ment of young sh. Increased abundance in the late 1990s 
is unexplained, but may be due to factors allowing greater 
survival of young sh until they are recruited to the shery.

Fishery Restoration 

As a result of the initial decline in estimated legal-sized 
striped bass abundance in the late 1970s, and also in 
response to public pressure for supplementation stocking, 
the DFG began a hatchery program starting with the 1980 
year class that were stocked as yearlings in 1981. The 
number of sh stocked increased from about 63,000 for 
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the 1980 year class to almost 3.4 million for the 1990 
year class.

The hatchery program changed substantially in 1992 as 
the result of concern over potential predation by striped 
bass on threatened and endangered species, such as 
Sacramento River winter-run chinook salmon and delta 
smelt, and all stocking of hatchery-reared striped bass 
was suspended (age-one sh from the 1991 year class 
were not stocked in the estuary). Instead, 22,000-284,000 
sh obtained from sh screens in the southern Sacra-
mento-San Joaquin Delta and reared in oating pens have 
been stocked annually, beginning with the 1992 year class 
released as yearlings in 1993.  Most years, a fraction of 
the stocked sh have been externally marked or coded-
wire tagged to allow estimation of their contribution to 
the population.

Hatchery sh have contributed measurably to the popula-
tion of each year class in the estuary, especially at the 
higher stocking levels. Estimated percentage of hatchery-
reared striped bass in each year class increased from 
about one percent for the 1981 year class to about 31 
percent for the 1989 year class.  More recently, sh reared 
in oating pens have contributed about four percent of 
the 1994  year class and about 13 percent of the 1996 
year class.

Greater stocking of age-one and age-two striped bass (up 
to 1.275 million age-one equivalents) reared in hatcheries 
and pens began in summer 2000. This stocking is the 
focus of a Striped Bass Management Conservation Plan 
prepared according the federal Endangered Species Act 
requirements. It is designed to maintain the striped bass 
population and sport shery at the present level and to be 
consistent with recovery of listed species.

Due to the greater genetic diversity of naturally produced 
sh, the DFG’s priority is to stock sh salvaged at the 
SWP and CVP sh screens in the southern delta and reared 
for one or two years in net pens oating in the estuary.  
However, it is unlikely that numbers of salvaged sh will 
consistently be sufcient to fully support the program, so 
in most years, net-pen-reared sh will be supplemented 
with sh produced by aquaculture.

Striped bass spawn primarily during May, but salvaged sh 
are not available until late May through July. Thus, each 
year, the number of salvaged sh available for pen rearing 
will not be known until after articial spawning would 
have to occur. The DFG will attempt to ensure sufcient 
availability of sh each year by contracting with private 
aquaculturists to begin raising sufcient sh for most 
of the allotment. After the number of salvaged sh is 
known, excess aquaculture sh would be disposed of, or 
perhaps used elsewhere by the DFG or aquaculturists (e.g., 
reservoir stocking or food market). However, past experi-

ence suggests that in spite of efforts to ensure a sufcient 
supply of sh, stocking goals will not always be met. 

Sufcient quantities of these stocked striped bass will 
be marked to allow evaluation of their contribution to 
subsequent adult populations and the relative benets 
of: 1) conventional aquaculture and pen rearing; and 
2) stocking age-one and age-two sh.

Other actions by the DFG include: 1) working through the 
CALFED Bay-Delta program to plan and implement ecosys-
tem restoration measures that will benet a spectrum of 
species, including striped bass; 2) negotiating for mitiga-
tion from owners of power plants in the estuary for losses 
caused by power plant operations and for mitigation from 
the California Department of Water Resources (DWR) and 
U.S. Bureau of Reclamation (USBR) for losses at their 
pumping plants; and 3) increasing study effort to improve 
understanding of processes controlling striped bass abun-
dance, with study funding coming from several sources 
including the DWR, USBR, State Water Resources Control 
Board, Federal Aid to Sport Fish Restoration funds, and sales 
of striped bass stamps required of all striped bass anglers. 

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

Donald E. Stevens and David W. Kohlhorst
California Department of Fish and Game
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Green Sturgeon
History of the Fishery

Historically, the green sturgeon (Acipenser medirostris) 
resource has been of minor importance to Califor-

nians, although they may have been more important to 
American Indians in the north coast area. An early com-
mercial shery developed for sturgeon in the San Fran-
cisco Bay estuary between the 1860s and 1901, stimulated 
by a growing acceptance of smoked sturgeon and caviar on 
the East Coast of North America. However, green sturgeon 
probably were a minor component of that shery, as they 
were considered to be of inferior quality and were actually 
claimed by some people to be poisonous. The commercial 
shery was closed in 1901, then reopened from 1909 
to 1917. Commercial sturgeon shing in California ceased 
in 1917.

Sport shing for green sturgeon was legalized in 1954, 
with a 40-inch total length minimum size limit and a one 
sh per day per person creel limit. In 1956, snagging for 
sturgeon was outlawed and the minimum size limit was 
raised to 50 inches through 1963. The sport shery for 
green sturgeon in California is small, being overshadowed 
by the sport shery for white sturgeon in the San Fran-
cisco Bay estuary and its tributaries and by the tribal 
green sturgeon shery in the Klamath River. Exact sport 
catch data are not available. However, concern about 
potential over-harvest of white sturgeon in the late 1980s 
led to angling regulation changes starting in 1990 that 
instituted a 72-inch maximum size limit and increased the 
minimum size limit by two inches per year until a new 
minimum size of 46 inches was reached in 1992. These 
regulation changes have also benetted green sturgeon.

Status of Biological Knowledge

Green sturgeon are generally found in marine waters 
from the Bering Sea to Ensenada, Mexico. However, 

spawning populations have been found only in medium-
sized rivers from the Sacramento-San Joaquin system 
north; spawning has not been documented in either the 
Columbia or Fraser rivers. Green sturgeon apparently 
spend much less time in the San Francisco Bay estuary 
than white sturgeon, either as young or adults. Adult 
green sturgeon probably enter the estuary and move up 
the Sacramento River in early spring. Spawning occurs as 
far upstream as the area above Red Bluff Diversion Dam, 
which is now open to allow sh passage during part of 
the green sturgeon spawning period. Anecdotal evidence 
suggests that spawning may also occur in the Feather 
River but has not yet been documented there. Almost all 
recoveries from a tagging program in the San Francisco 
Bay estuary have come from outside the estuary, primarily 
from rivers and coastal areas in Oregon and Washington.

California green sturgeon grow rapidly when young, prob-
ably reaching 12 inches fork length in one year. Juvenile 
green sturgeon raised in captivity grow substantially faster 
than white sturgeon raised under similar conditions. Rela-
tively rapid grow continues until they reach 51-55 inches 
in about 15-20 years. Maximum size in the Klamath River 
in recent years has been about 90 inches and about 
180 pounds, but historical accounts report sh up to 
350 pounds. Like white sturgeon, their growth is likely 
affected by water temperature and dissolved oxygen con-
centration. The largest recently captured sh from the 
Klamath River were estimated to be about 40 years old.

Compared with most freshwater or anadromous shes, 
green sturgeon are quite old (15-20 years) when they 
become sexually mature. Fecundity varies with female 
size, ranging from 60,000-140,000 eggs per female. These 
values are lower than for white sturgeon, both because 
green sturgeon are smaller than white sturgeon and 
because green sturgeon eggs are larger than white stur-
geon eggs.

Spawning occurs in the Sacramento River between March 
and June; it may extend slightly longer, into July, in 
the Klamath River. Water temperature during spawning is 
likely 50° to 70°F. Little is known about spawning behav-
ior. Spawning occurs in deep, fast water. The fertilized 
eggs are slightly adhesive and hatch after four to 12 
days. Larvae stay close to the bottom and appear to 
rear primarily in rivers well upstream of estuaries. Under 
hatchery conditions, larval green sturgeon remain near the 
bottom and do not move up into the water column where 
they could be transported downstream. Most young green 
sturgeon migrate from river to ocean when they are one 
to four years old, which may partly explain their relative 
scarcity in the San Francisco Bay estuary.

Green sturgeon feed on a variety of bottom-dwelling ani-
mals. Sturgeon feed by suction with their ventral, pro-
trusible mouths. Dense aggregations of taste buds on their 
four barbels presumably assist in identication of food 
on the bottom. Young sturgeon (eight inches) feed pri-

Green Sturgeon, Acipenser medirostris
Credit: DFG
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marily on small crustaceans such as amphipods and opos-
sum shrimp. As they develop, they take a wider variety 
of benthic invertebrates, including various species of 
clams, crabs, and shrimp. Larger green sturgeon diet 
includes shes.

Little is known about predators on green sturgeon. Smaller 
sh are undoubtedly taken by various sh and bird preda-
tors, although the ve lines of sharp, bony scutes along 
their bodies probably make them less desirable prey than 
most other species. Information from the Columbia River 
suggests that total mortality of green sturgeon is less than 
for white sturgeon.

Status of the Population

Because green sturgeon spend most of their lives in 
the ocean and are not readily available to the sport 

shery or sampling programs in estuaries or rivers, their 
population status is difcult to determine. Although green 
sturgeon have never been abundant, limited evidence sug-
gests that the overall population may have declined in 
California. This is supported by the apparent extirpation 
of the species from some rivers, such as the Eel and 
South Fork Trinity, leaving the Sacramento, Klamath, and 
mainstem Trinity rivers as the only documented spawning 
streams in California, along with the Rogue and Umpqua 
rivers in Oregon. However, abundance estimates in the 
San Francisco Bay estuary, based on mark-recapture esti-
mates of white sturgeon abundance and the ratio of white 
to green sturgeon in tagging catches, do not suggest that 
the population has declined in that system. Additionally, 
the recent opening of the Red Bluff Diversion Dam gates 
during much of the spawning period has provided green 
sturgeon with access to additional spawning area upstream 
of Red Bluff. Catches of juvenile green sturgeon during 
sampling for downstream-migrant chinook salmon smolts 
at the dam in midsummer indicates that they have taken 
advantage of this additional spawning habitat. The 
number and size distribution of green sturgeon caught 
incidental to a commercial salmon shery in the lower 
Columbia River leads Oregon biologists to suggest that 
“tens of thousands” of green sturgeon inhabit the 
ocean offshore of Oregon 
and Washington.

David W. Kohlhorst
California Department of Fish and Game
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History of the Fishery

Historically, the white sturgeon (Acipenser transmon-
tanus) resource has been very important to Califor-

nians. Sturgeon scutes and skull plates are found in Native 
American middens in the San Francisco Bay, Sacramento-
San Joaquin delta, and Elkhorn Slough areas, indicating 
that these large sh were important sources of tribal 
nutrition. An early commercial shery developed for white 
sturgeon between the 1860s and 1901, stimulated by a 
growing acceptance of smoked sturgeon and caviar on 
the East Coast of North America. The California harvest 
was concentrated in the San Francisco Bay and delta. 
Fishing gear included gillnets, longlines, and multiple 
unbaited hooks for snagging sturgeon. The commercial 
catch peaked at 1.65 million pounds in 1887, declined 
to 0.3 million pounds in 1895, and to 0.2 million pounds 
in 1901, when the commercial shery was closed. Small 
commercial catches in a reopened shery from 1909 to 
1917 indicated that white sturgeon populations were still 
low, and commercial shing ceased in 1917.

Sport shing for white sturgeon was legalized in 1954, 
with a 40-inch total length minimum size limit and a one 
sh per day per person creel limit. In 1956, snagging for 
sturgeon was outlawed and the minimum size limit was 
raised to 50 inches through 1963. The small sport shing 
catch increased dramatically in 1964 when the minimum 
size reverted to 40 inches and bay shrimp were discovered 
to be effective bait. By 1967, 2,258 sturgeon were landed 
by party boat anglers. Possibly due to reduced stocks of 
other estuarine and coastal marine species such as striped 
bass, angling for white sturgeon has become very popular. 
Although exact sport catch data are not available, the 
California Department of Fish and Game (DFG) estimates 
that the harvest rate during the 1980s was 40 percent 
greater than it was during the previous two decades. 
In 1990, a 72-inch maximum size limit became law and 
the minimum size limit was increased by two inches per 
year until a new minimum size of 46 inches was reached 
in 1992.

Status of Biological Knowledge

White sturgeon are generally found in estuaries, and 
their range extends along the Pacic Coast of North 

America from Ensenada, Mexico, to the Gulf of Alaska. 
However, spawning populations have been found only 
in large rivers from the Sacramento-San Joaquin system 
north. Indeed, most California white sturgeon are found in 
the San Francisco Bay estuary. Some white sturgeon move 
into the delta and lower Sacramento River during late-fall 
and winter. Some of these sh move up the Sacramento 
River to the Knights Landing-Hamilton City area to spawn. 

Spawning may also occur in the Feather River, but has not 
yet been documented there. A small number move up the 
San Joaquin River. The Klamath River supports the other 
California subpopulation of white sturgeon. Although most 
recoveries from a tagging program in the San Francisco 
Bay estuary have come from the estuary and its tributar-
ies, a few sh (less than one percent of total recoveries) 
have moved along the Pacic Coast and been recovered in 
Oregon and Washington.

California white sturgeon grow rapidly when young, reach-
ing 12 inches fork length in one year. This rapid growth 
slows thereafter and they reach the present minimum 
legal size of 46 inches after nine to sixteen years. Subse-
quently, they grow one to 2.5 inches per year. Ages and 
growth rates of eld-caught sh have been determined 
from the number and spacing of annular rings, visible in 
sections of rst pectoral n rays. Laboratory experiments 
have shown that young-of-the-year white sturgeon growth 
is affected by water temperature and dissolved oxygen 
concentration. They grow signicantly faster at 68°F than 
at 59°F, but an increase to 77°F does not signicantly 
increase growth rate. When dissolved oxygen concentra-
tions drop to 56 percent of air saturation at any of 
these three temperatures, juvenile sh show a signicant 
decrease in growth rate, presumably due to reduced 
food consumption. The white sturgeon’s rapid growth rate 
has attracted the interest of some California aquacultur-
ists, who grow sturgeon in freshwater tanks which have 
consistently moderate temperatures and high dissolved 
oxygen concentrations. 

The largest sturgeon were caught before 1900 when size 
records were vague. However, the largest of these sh 
was probably more than 13 feet long and weighed more 
than 1,300 pounds, making white sturgeon the largest 
freshwater-inhabiting sh in North America. This sh may 
have been 100 years old. The largest white sturgeon cap-
tured in California waters during the past 40 years was 
a 468-pound sh caught by a sport angler in Carquinez 
Strait in 1983. This sh is the present world record sport-
caught white sturgeon. In a University of California, Davis 
(UCD) study of white sturgeon during the 1980s, many sh 
were caught, measured, examined for sex and stage of 
maturity, and released. Median male size was 3.6 feet and 
median female size was 4.6 feet in San Francisco Bay. 

White Sturgeon, Acipenser transmontanus
Credit: DFG
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W
hite Sturgeon

Compared with most freshwater or anadromous shes, 
white sturgeon are quite old when they become sexually 
mature, but they evidence impressive fecundity at this 
large size. In the UCD study during the 1980s, sexually 
mature males were 3.6 to 6.0 feet long (nine to 25 
years old), whereas mature females were generally 4.6 to 
6.6 feet (14 to 30 years old). However, high natural vari-
ability in the size at sexual maturity was noted, especially 
among females. For example, the smallest pre-spawning 
female white sturgeon weighed only 25 pounds, whereas a 
120-pound female was caught which, from gonadal analy-
sis, was determined to have not yet spawned. Studies sug-
gest that white sturgeon females do not spawn every year. 
Several years may lapse between successive spawnings 
in an individual female. In the study on San Francisco 
Bay sh, approximately 50 percent of the males captured 
were approaching spawning condition for that year, com-
pared with only about 15 percent of the captured females. 
Fecundity varies with female size. Smaller females (under 
ve feet) contain about 100,000 eggs, whereas a 9.2-foot, 
460-pound female contained 4.7 million eggs.

Spawning occurs in the Sacramento River between mid-
February and late May when water temperatures are 46° 
to 72°F. Little is known about spawning behavior. White 
sturgeon spawn their eggs onto deep gravel rifes or rocky 
holes in the Sacramento River. The fertilized eggs are very 
adhesive and hatch after four to 12 days on the bottom. 
Larvae stay close to the bottom and rear in both the river 
and the estuary downstream.  Rearing location is at least 
partly determined by river ow; more larvae are washed 
into the estuary when freshwater ows are high. Young 
juvenile sturgeon become increasingly tolerant of brackish 
water as they grow and develop.

White sturgeon feed on a wide variety of bottom-dwelling 
animals. Sturgeon feed by suction with their ventral, pro-
trusible mouths. Dense aggregations of taste buds on their 
four barbels presumably assist in identication of food 
on the bottom. When their mouths are blocked by food, 
white sturgeon can ventilate their gills by ushing water 
in via the dorsal part of the gill slit and out via the 
ventral part. Young sturgeon (eight inches) feed primarily 
on small crustaceans such as amphipods and opossum 
shrimp. As they develop, they take a wider variety of 
benthic invertebrates, including various species of clams, 
crabs, and shrimp. Larger white sturgeon diet includes 
shes and, during winter in San Francisco Bay, herring roe.

Little is known about predators on white sturgeon. Smaller 
sh are undoubtedly taken by various sh and bird preda-
tors, although the ve lines of bony scutes along their 
bodies probably make them less desirable prey than other 
estuarine species. Anglers undoubtedly mount the largest 
predatory effort on adult sh.

Status of the Population

The 19th century history of white sturgeon shing 
in California waters shows this species’ vulnerability 

to overshing. Delayed sexual maturity and infrequent 
spawning by the females exacerbates this vulnerability 
compared to many other shes. DFG tagging studies indi-
cated that angler harvest was high during the 1980s and 
new size limits (including initiation of a rst-ever maxi-
mum size limit in 1990) reect DFG’s management con-
cerns. Annual harvest rate estimates indicate that the 
angling regulation changes begun in 1990 have had the 
desired effect: harvest rates have been reduced by at 
least half from the levels of the mid- to late 1980s

Adult (at least 40 inches total length) white sturgeon 
abundance, as estimated from tagging studies, varied 
greatly between 1967 and 1998. The abundance estimate 
reached its highest level (142,000) in 1997. This abundance 
pattern is largely the result of irregular recruitment to the 
adult population by highly variable year classes. Strong 
year classes are produced in years with high spring fresh-
water outows from the Sacramento-San Joaquin Delta, 
so much of the present high white sturgeon abundance is 
attributable to the very wet 1982-1983 period.

Unfortunately, the severe drought that gripped California 
from 1987 to 1992 will soon begin to affect the adult 
white sturgeon population, because reproductive success 
was low in most of those years. The strong year classes 
from the early 1980s were recruited starting in about 1994 
and, by 1997 and 1998, few sh smaller than the minimum 
size limit of 46 inches were caught. Thus, the population 
should decline substantially as recruitment almost ceases 
and growth and mortality reduce the abundance of sh 
now in the shable population. However, another cycle 
of strong recruitment can be expected when sh from a 
series of wet years starting in 1993 begin to enter the 
shery late in the next decade.

The present low exploitation rates, past rapid recoveries 
from population lows in the mid-1970s and early 1990s, 
and current protection of the most fecund females by the 
72-inch maximum size limit suggest that no further angling 
restrictions are needed at this time.

David W.  Kohlhorst
California Department of Fish and Game

Joseph J. Cech, Jr.
University of California, Davis
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Cow Sharks
History of the Fishery

Two species of cow sharks (Family Hexanchidae) occur 
along the California coast, the sixgill shark (Hexanchus 

griseus) and sevengill shark (Notorynchus cepedianus). 
Sevengill sharks were among the most common species 
taken during shark sheries of the 1930s and 1940s. Even 
after this shery collapsed, these sharks were taken in 
considerable numbers during shing competitions in San 
Francisco Bay in the 1950s and 1960s. The popularity of 
Jaws movies in the mid-1970s brought renewed interest 
in shark shing. Several operators in the San Francisco 
Bay area targeted their charters on sevengill sharks, and 
as recently as the mid-1980s, these sharks were still 
the object of a popular sport shery in San Francisco 
Bay. This shery declined in the late 1980s and early 
1990s, as charter boats began to target other species. 
Although caught primarily by recreational anglers, seven-
gills are caught incidentally in commercial sheries for 
other species.

The sixgill shark is also an incidental catch, especially in 
trawl and gillnet sheries. It frequently appears in sh 
markets and at dining establishments, but exact data on 
the extent of this shery is lacking. Both species are 
typically either discarded or sold as “shark, unidentied,” 
making it difcult to quantify landings.

Status of Biological Knowledge

The sevengill shark is a fairly common coastal species 
that frequently enters bays and, although rarely occur-

ring below depths of 330 feet, is found occasionally to 
depths of over 660 feet. It seems to be most abundant 
where the water temperature lies between 54˚ and 64˚F. 
It tends to prefer rocky reef habitats where kelp beds 
thrive, though it is commonly caught over sandy and mud 
bottoms. Although relatively common at times of the year 
in Humboldt and San Francisco bays, very little is known 
about movement patterns along the open coast.

In the eastern North Pacic, sevengill sharks range from 
southeast Alaska to the Gulf of California, with their 
distribution becoming sporadic south of San Francisco 

Bay. The sevengill shark has a worldwide distribution in 
most temperate seas, the only notable exception being its 
absence from the temperate waters of the North Atlantic.

Sevengill sharks are ovoviviparous, with 80 to 100 young 
being born per pregnancy. The young are born during the 
spring following a two-year reproductive cycle. Humboldt 
Bay and San Francisco Bay serve as important pupping and 
nursery grounds. The young remain within the vicinity of 
these nursery grounds for the rst few years of life, before 
ranging aeld upon entering adolescence. Males mature 
between ve and six feet, and grow to a maximum size 
of 8.25 feet. Females mature between 7.25 and 8.25 feet 
and grow to at about 10 feet. The size at birth is between 
14 and 18 inches.

Juvenile sevengills grow quite rapidly during the rst two 
years of life, more than doubling their length. This rapid 
growth rate by juveniles in the nursery ground enhances 
their chance of survival since a sevengill over 28 inches 
has fewer predators than a newborn half its size. In con-
trast to the rapid growth of juveniles, once maturation 
begins their growth rate slows down considerably. 

The sevengill shark is an active predator that feeds at 
or near the top of the food chain. The main prey items 
include other sharks, skates, rays, bony shes, and marine 
mammals. Sevengills have been observed to employ a 
variety of foraging strategies when hunting for food. As 
a solitary hunter, they will use stealth to ambush smaller 
prey items, but while hunting larger prey, these sharks 
will hunt cooperatively in packs to subdue seals, dolphins, 
other large sharks and rays. White sharks are one of the 
few known predators on adult sevengill sharks and have 
been observed to attack them on occasion. In most areas 
where it occurs, the sevengill shark is displaced only by 
the white shark and killer whale as the top nearshore 
marine predator.

The sixgill shark is one of the widest ranging of all shark 
species, with a circumglobal distribution from northern 
and temperate areas to the tropics. In the eastern North 
Pacic, this species occurs from the Aleutian Islands to 
southern Baja California. This is a deepwater shark; adults 
are found along the continental shelf and upper slopes 
down to at least 8,250 feet deep. They are known to 
move up to a thousand feet off the bottom, occasionally 
coming to the surface. Juveniles are often caught close 
inshore, including enclosed bays such as Humboldt and 
San Francisco, while adults are normally taken in deeper 
water. These sharks seem to associate themselves with 
areas of upwelling and high biological productivity.

Sixgill sharks are ovoviviparous with observed litters of 
47 to 108. Adult females move onto the continental shelf 
during the spring to drop their litter following a two-year 
reproductive cycle. Young sixgills usually remain on the Sixgill Cow Shark, Hexanchus griseus

Credit: DFG
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shelf and uppermost slopes until they reach adolescence, 
at which time they move further down the slope and into 
deeper water. It is the newborns and juveniles that typi-
cally seem to stray close inshore and occasionally occur in 
bays and harbors. Adult males typically remain in deeper 
water, where mating and courtship takes place. Males 
mature at about 10 feet, while females mature at about 
14 feet. This is a large shark with males reaching at least 
11.5 feet and females at least 15.8 feet. The size at birth 
is between 24 and 29 inches. Little is known about their 
growth rate, although juveniles held in captivity will grow 
quite rapidly, nearly doubling their size in the rst year 
of life.

The sixgill shark is a large, active, powerful predator 
that feeds on a wide variety of prey species including 
other sharks, rays, chimaeras, bony shes, and marine 
mammals. Larger sixgills will actively forage on quite 
large prey items including swordsh, marlin, dolphinsh, 
seals, and dolphins. They have also been observed to con-
sume whales as carrion. Juveniles held in captivity have a 
voracious appetite.

Status of the Population

The main concentrations of sevengill shark populations 
in California appear to be in Humboldt and San Fran-

cisco Bays, both of which serve as nursery grounds for 
newborns and juveniles. Damage to either of these areas 
could have an adverse effect on the population. Outside 
these bays there is very little reliable information regard-
ing the status of sevengill shark populations. 

There is no information on the population status of the 
sixgill shark.

David Ebert
U.S. Abalone
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True Smelts
General

The true smelts of the family Osmeridae are small 
shes found in cold coastal, estuarine, and freshwater 

habitats in the Northern Hemisphere. The term “true 
smelt” identies these shes from similar-looking species 
of the silverside family (Atherinopsidae, recently changed 
from Atherinidae) whose common names often include the 
word “smelt” (such as jacksmelt, or topsmelt). Smelt life 
history strategies range from completing all life stages in 
freshwater, migrating from marine or estuarine habitats to 
freshwater to spawn (anadromous), or living entirely in the 
marine environment and spawning in the surf or subtidal 
zone. Like salmonids, the true smelts have an adipose n 
and some have a curious cucumber odor.

Most of the 12 species in the family support either sport 
or commercial sheries due to their highly prized delicate 
avor. They are also a major forage sh for marine mam-
mals, birds, and predatory shes such as salmon and 
cod. Seven of the 12 species occur in California: delta 
smelt, found only in the upper portions of the Sacra-
mento-San Joaquin estuary; surf smelt, commonly known 
as day smelt, found along most of California’s coast but 
spawning only from Santa Cruz northward; wakasagi, a 
Japanese freshwater species introduced into California 
reservoirs which has also taken up residence in the Sac-
ramento-San Joaquin estuary; night smelt, found from 
Pt. Arguello, northward; longn smelt, an estuarine spe-
cies found mainly in the Sacramento-San Joaquin estuary; 
eulachon, an anadromous species found mainly in the 
Klamath River; and whitebait smelt, a rather uncommon 
marine species ranging from San Francisco Bay northward, 
about which little is known.

The six native smelts have all supported commercial sh-
eries in the past, but only surf and night smelts contribute 
signicantly to the sheries today. The combined sheries 
vary from year to year, with catch ranging from 0.5 to 
2.1 million pounds per year (1970 to 1999). In 1995, for 
example, over 2.0 million pounds of smelt were landed, 
with a wholesale value of over $600,000. The average 
wholesale price per pound ranges from $0.20 to $0.30. 
Smelts are sought commercially not only for human con-
sumption but also as feed for marine mammals, birds and 
shes in aquariums, and as bait for shing. 

Unfortunately, most of the historical commercial landing 
records for smelt, gathered by the California Department 
of Fish and Game (DFG), were lumped together, so the 
relative importance of each species in the past sheries 
cannot be determined. The catch records for 1916 through 
1969 are for “smelt” and “whitebait smelt.” The term, 
“smelt” included not only surf smelt but jacksmelt, top-
smelt, and grunion. After 1969, the silverside catch was 
removed from the “smelt” statistics and all smelts except 

whitebait and night smelt were lumped into the category 
“true smelt.” However, it is unlikely that whitebait smelt 
were ever harvested in very large numbers. Furthermore, 
“whitebait smelt” was the only smelt category available to 
sh processors who lled out the required DFG pink slips 
on which catch is recorded. Therefore, it is quite likely 
that “whitebait smelt” in the historical sheries statistics 
includes all species of smelt harvested (but mainly surf 
and night smelt). 

Since 1977, landings of smelts have been recorded in 
their own species categories; however up to one third of 
the landings were still reported as “true smelt” and not 
identied to species. After 1989, the percentage of land-
ings reported in the “true smelt” category has averaged 
less than 0.5 percent of the total landings. Therefore, 
while the total smelt catch can be estimated for the 
past several decades, landings by species can only be 
determined since 1990.

In addition to commercial landings, there is a large, but 
largely unreported, sport shery for surf smelt and night 
smelt. The Marine Recreational Fishery Statistical Survey 
(MRFSS), established by the National Marine Fisheries Ser-
vice (NMFS) in 1979, estimates the impact of recreational 
shing on marine resources. Estimates of annual recre-
ational smelt catches (1980 to 1998), based on phone and 
intercept surveys, range from nearly 200,000 pounds in 
1998 to less than 5,000 pounds in 1983. Nearly all of these 
recreational catches are reported as surf smelt.

Delta Smelt

History of the Fishery

In the 19th century, delta smelt  (Hypomesus transpaci-
cus) and longn smelt were the object of a commercial 
shery that supplied markets in San Francisco. Much of the 
market seems to have been for dried sh for the Chinese 
community. In the 20th century, delta smelt have not been 
the target of a shery, however other bait sheries in the 
Sacramento-San Joaquin estuary (e.g., shrimp, threadn 
shad) often collect delta smelt as bycatch.

Status of Biological Knowledge

Our understanding of delta smelt life history has increased 
dramatically just prior to and since the delta smelt was 
listed as a threatened species in 1993 by both the federal 
government and the state of California. Since then, it 
has been the target of focused research to determine 
the factors affecting its abundance and to develop water 
management strategies to protect it. It is endemic only 
to the Sacramento-San Joaquin estuary, which also serves 
as the major water conduit for two-thirds of the state’s 
human population. Hence, under protections set forth 
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in both the federal and state endangered species acts, 
the condition of the delta smelt population can play a 
major role in how water is managed throughout the state. 
The delta smelt is considered environmentally sensitive 
because it resides mainly in the brackish water portion of 
the estuary, is primarily an annual sh (i.e., completes its 
life cycle, for the most part, in one year), is exclusively 
planktivorous and dependent on a zooplankton community 
that has been greatly altered by exotic species, has a very 
low fecundity for a sh with planktonic larvae, is fragile 
and easily stressed, and is a very poor swimmer. 

The delta smelt is one of the smaller smelts. It reaches 
adult sizes at two to three inches and rarely lives more 
than one year. It is translucent with a silvery steel-blue 
streak along its sides and it exudes a strong odor of 
cucumbers. Most of the year, it resides in the open surface 
waters of the low salinity portions of the estuary where 
fresh and salt water mix. They are usually found at salini-
ties between two and seven parts per thousand (ppt) 
although are not uncommon in salinities between zero and 
18 ppt. Delta smelt migrate to freshwater areas of the 
estuary that are under tidal inuence to spawn from late 
winter to early summer. Spawning usually takes place in 
shallow water where the eggs are demersal and attach to 
the substrate. Females produce between 1,200 and 2,600 
eggs depending on size. Most adults die after spawning, 
however a few survive to a second year. In recent years, 
fewer smelt have survived to a second year and the aver-
age size of the rst-year sh has signicantly decreased. 
Larger sh may contribute signicantly more to the egg 
supply and may be responsible for better success of the 
population when environmental conditions are favorable. 

Delta smelt feed primarily on planktonic copepods, cla-
docerans, and amphipods. Recent dramatic shifts in the 
zooplankton community, both in terms of species inva-
sions and total abundance, may affect delta smelt sur-
vival. Historically, the most common food item was the 
euryhaline copepod, Eurytemora afnis; however, this 
copepod has since been replaced by Pseudodiaptomus 
forbesi, as the primary prey item, although E. afnis 
is still strongly preferred. In recent years, the exotic 
Asian clam, Potamocorbula amurensis, has greatly reduced 
zooplankton densities in the estuary.

Genetic studies indicate that delta smelt are more closely 
related to surf smelt than to wakasagi even though they 
look more like the latter. Many of the traditional external 
characteristics used to identify different species (e.g., n 
ray counts) overlap between delta smelt and wakasagi; 
however, the number of melanophores on the mandible 
(delta smelt has zero or one, wakasagi usually has ve 
to many) is often used to separate the species. Hybrids 
between delta smelt and wakasagi, as well as delta and 
longn smelt hybrids, have been observed in the estuary. 

Since the wakasagi has become established in more brack-
ish portions of the estuary, the potential for interbreeding 
as well as for increased competition for food, spawning 
areas, etc., has increased and may pose a signicant 
threat to delta smelt recovery.  

Unlike many shes with similar life histories in the estu-
ary, delta smelt abundance is not strongly affected by 
freshwater outow or by the position of the low salinity 
zone; however, population levels are only high in years 
with moderate to high outows. Distribution, however, 
is strongly related to freshwater outow. In low outow 
years, the population is concentrated above the conu-
ence of the Sacramento and San Joaquin rivers in the 
narrow channels of the delta where it becomes more 
vulnerable to entrainment in water diversions, predation, 
pollutant exposure, and competition with wakasagi and 
other planktivorous shes. Delta smelt do not exhibit 
a strong stock-recruitment relationship that would be 
expected for a near annual sh, therefore, environmental 
factors may strongly contribute to population success

Status of the Population

Delta smelt were once one of the most common shes 
in the estuary. Historically, delta smelt abundance uctu-
ated from year to year, but from the early 1980s to the 
mid-1990s, the population was consistently low. In recent 
years, abundance has varied dramatically even though 
stringent measures are now in place to provide better 
habitat conditions for delta smelt. The causes of the delta 
smelt decline are multiple and synergistic and vary from 
year to year. These include: reductions in freshwater out-
ow caused by drought and by the diversion and upstream 
storage of large amounts of water by the state and 
federal water projects, entrainment losses to water diver-
sions, high outows in extremely wet years, exposure to 
toxicants, disease, competition, predation, and loss of 
genetic integrity. 
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Surf Smelt

History of the Fishery

The fact that surf smelt (Hypomesus pretiosus) spawn on 
selected beaches at predictable times of the day and year 
has made them a favorite sport sh. The standard A-frame 
dip net used to catch this smelt is based on one used by 
American Indians in the aboriginal shery. It consists of a 
three- to four-foot long triangle of netting with poles on 
two sides and bag at the apex, into which, sh can be 
ipped by tilting the net upwards. About 95 percent of all 
commercial landings are taken with this gear. The other 
ve percent are captured using purse seines, trawls, or 
beach seines. This species was thought to be the dominant 
species in the commercial smelt catch; however, since 
all species categories have been reported, surf smelt 
average only one third (33.0 percent) of the smelt catch 
(1990 through 1999). Landings averaged 478,000 pounds 
between 1990 and 1999 with 70 percent being reported 
from Eureka and Arcata. Another 25 percent of the land-
ings were reported in the Crescent City area. Surf smelt 
(and night smelt) are sold fresh in the coastal markets or 
sold to aquariums as feed for sh and marine mammals.  

The sport shery primarily uses techniques and A-frame 
nets similar to the commercial shery. Beach seines 
(“jump nets”) up to 20 feet long (with mesh sizes of at 
least 7/8 inch) are also legal in the sport shery, as are 
cast nets (Hawaiian throw nets). The sport catch limit for 
smelt is 25 pounds per day, a regulation that has been in 
place for many years. 

Unfortunately, we have no historical records of the recre-
ational catch, although it was estimated to be 400,000 
pounds, roughly four million smelt, in 1958. Since 1980, 
the MRFSS estimate of recreational surf smelt landings in 
California averages 86,000 pounds and ranges from 4,500 
pounds in 1982 to 197,000 pounds in 1998. These recent 
estimates are less than half the 1958 estimate, perhaps 
suggesting that either changes in recreational effort or 
changes in surf smelt abundance has occurred. It should 
be noted that surf smelt was the only smelt to be reported 
in any numbers and very few night smelt landings were 
reported. This is unusual since night smelt currently make 
up over 50 percent of the commercial shery.  

Status of Biological Knowledge

Surf smelt are the most widely distributed smelt in Cali-
fornia but are only common north of San Francisco Bay. 
They are schooling, plankton feeding sh that can reach 
10 inches in length. Females typically grow the largest and 
live the longest (up to ve years), while males rarely live 
longer than three years. Females are mature, however, in 
one to two years, producing 1,300 to 37,000 eggs. In Cali-
fornia, most spawning occurs in June through September, 
in the surf zone of beaches, especially during high tides. 
The spawning smelt congregate in the surf during the day, 
usually while the tide is falling. The biggest congregations 
occur when high tide is in the late afternoon. The fertil-
ized eggs adhere to sand and pebbles. The most favored 
spawning beaches are those made up largely of coarse 
sand and pea-sized gravel, with some freshwater seepage. 
During periods of heavy spawning, some beaches are liter-
ally coated with eggs. The eggs hatch in two to three 
weeks. Little is known about their larval life or of the 
habits of juvenile and adults in the ocean environment. 
They presumably spend their lives in waters close to 
shore, however, as smelt are a common bycatch in the 
shrimp shery.

Status of the Population

The shery for surf smelt may be decreasing while 
landings for night smelt have increased. Landings have 
dropped from over 800,000 pounds (1995 to 1997), to 
100,000 pounds in 1998, to just over 12,000 pounds in 
1999. Environmental factors such as seawater temperature 
changes (e.g., El Niño) may dramatically affect population 
levels. However, given their short life-cycle, excessive 
shing could cause smelt populations to plummet in just 
two or three years. Heavy recreational use of the beaches 
may also compact gravels and crush recently spawned 
eggs. It is also possible that the developing eggs may 
depend on water percolating through the gravels from 
above, so alterations of inowing streams or lagoons may 
affect the suitability of the spawning habitat for egg 
survival. 

Wakasagi

History of the Fishery

In Japan, wakasagi (Hypomesus nipponensis), are a 
favored food sh, supporting a highly specialized shery. 
Intensive commercial shing and reduced catches stimu-
lated the development of articial propagation techniques 
that led to large-scale aquaculture facilities producing mil-
lions of wakasagi annually. This long history of articial 
propagation of wakasagi is what made it so easy to trans-
port them to California. 

True Sm
elts
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Status of Biological Knowledge

The wakasagi was imported from Japan to California in 
1959 by the Department of Fish and Game as a forage 
sh for salmonids in lakes and reservoirs. At the time, it 
was believed to be the same species as delta smelt. It 
was apparently easier to ship wakasagi eggs from Japan 
than it was to collect and transport live delta smelt from 
the Sacramento-San Joaquin estuary. Its current range in 
California is from Shastina Reservoir, Siskiyou County, in 
the northern part of the state to San Luis Reservoir and 
parts of the California Aqueduct in the central part of 
the state. An initial introduction in southern California 
at Big Bear Lake, San Bernardino County, apparently did 
not survive. It is common in Lake Oroville on the Feather 
River and Folsom Lake on the American River, two large 
water storage facilities in which water is released in 
large amounts for transport down the Sacramento River 
to the water diversions in the southern delta. Since 1995, 
wakasagi, in small numbers, have been widely distributed 
throughout the Sacramento-San Joaquin estuary.   

The wakasagi has been well studied in Japan due to its 
demand as a favored food item, but little was known 
about it in California until recently. Once the wakasagi 
became established in the estuary and its potential as a 
threat to delta smelt realized, research on the species 
increased dramatically. In Japan, it can be either anad-
romous or resident in fresh water. In California, it has 
been well established in cold-water reservoirs and now 
appears to survive in estuarine conditions as well 
as in the warm-water reservoirs of the California Aque-
duct. Wakasagi are able to tolerate a wider range of 
salinities and temperatures than delta smelt. They are 
also faster swimmers and are much more tolerant of 
stressful conditions. 

Wakasagi are opportunistic planktivores, feeding mainly 
on planktonic copepods. In the Sacramento-San Joaquin 
estuary, they feed on the same food items as delta smelt 
and represent a competitive threat to the delta smelt’s 

limited food supply. In Japan, most individuals from anad-
romous stocks apparently live one year, spawn, and die, 
while some freshwater populations may live up to four 
years.  In California, wakasagi can live at least two years 
and may reach lengths of up to ve inches. They usually 
spawn from February to May. The presence of hybrids in 
the estuary indicates that wakasagi can interbreed with 
delta smelt; however, no backcrossed individuals have 
been observed. The high degree of genetic divergence 
between the two species suggests that the hybrids may 
be infertile. 

Status of the Population

The wakasagi is still expanding its range in central Califor-
nia and the consequences of this introduction may not yet 
be fully realized. It is a threat to delta smelt not only 
because it can interbreed; it may also compete for the 
same food items and spawning locations, and possibly prey 
on its larvae. The rst known observation of a wakasagi 
in the estuary was in 1974. Since then, the number of 
observations of individuals has increased although large 
densities of wakasagi are still rare.

Now that wakasagi are rmly established in the estuary, 
protective measures for delta smelt have become much 
more difcult to manage due to the physical similarity 
of the two species, particularly at small sizes. Regular 
accounting of delta smelt catch is required of projects 
that export water out of the delta so they do not exceed 
a “take limit” (i.e., allowable number of delta smelt 
that can be killed which is established to limit project 
impacts). At the state and federal water diversions, which 
may draw in and kill tens of thousands of young-of-
the-year smelts (delta smelt, wakasagi, longn smelt) 
daily in the spring, “real time” identication of small 
smelt becomes nearly impossible. Regulated water diver-
sions are allowed until the established take limit is 
exceeded. Then diversions are further restricted reducing 
the amount of water that is exported. Thus, timely identi-
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cation of delta smelt is a necessity since reductions in 
exports may be very costly.  

Night Smelt

History of the Fishery

Night smelt (Spirinchus starksi) are also taken in large 
numbers, both in the commercial and sport sheries, in 
much the same ways as surf smelt. Although night smelt 
are smaller in size and spawn only at night, they represent 
over 50 percent of the total commercial smelt landings 
valued at over two million dollars in the 1990s. Landings 
averaged over 1.2 million pounds annually from 1994 to 
1996. Like surf smelt, night smelt are caught mainly with 
A-frame dip nets. Most are caught in the area around 
Eureka, which accounts for about 60 percent of all com-
mercial smelt landings. Crescent City landings make up 
an additional 33 percent. Night smelt are either sold for 
consumption as fresh sh or shipped to aquariums for 
consumption by sh, birds, and mammals. 

Catches of night smelt in the sport shery, as reported 
in the MRFSS data, are surprisingly small since they now 
make up the bulk of the commercial smelt catch. This may 
be due to limited angler contact at night when the major-
ity of landings takes place. The largest catch estimate was 
131 pounds in 1986, less than one-tenth of one percent of 
the total sport smelt catch for that year.    

Status of Biological Knowledge

Night smelt range in distribution from Point Arguello in 
central California to Alaska. Like surf smelt, night smelt 
are schooling, plankton-feeding sh that are important 
prey for other shes as well as marine mammals and birds. 
They rarely exceed six inches in length or three years 
in age. 

Spawning has been recorded from January through Sep-
tember on the same beaches as those used by surf smelt. 
Much of the spawning takes place earlier in the season 
than the spawning of surf smelt; so it is likely that most of 
the smelt catch before June is night smelt, with surf smelt 
the predominant species in the summer. However, both 
species have been observed using the same beaches on 
the same day, with night smelt spawning at night and surf 
smelt spawning during the day. Peaks of spawning occur 
between dusk and midnight on outgoing tides, although 
night smelt spawning seems much less tied to tidal height 
than is the spawning of surf smelt. A distinguishing feature 
of night smelt spawning aggregations is the prevalence of 
males close to shore (and in the shore shery). The male 
to female ratio early in the season is eight-to-one, but by 
the end of the season it is nearly 100-to-one. The ratio is 
close to one to one in offshore catches of smelt. Females 

apparently spawn repeatedly during the season, dashing 
in to release their eggs among crowds of eager males. 
The fertilized eggs stick to the gravel and hatch in about 
two weeks.

Status of the Population

While night smelt has become the predominant smelt 
in the commercial landings in the 1990s, averaging over 
800,000 pounds per year, we know very little about the 
status of the population. Given the short life-cycle, exces-
sive shing could cause smelt populations to plummet in 
just two or three years. Heavy recreational use of the 
beaches may also compact gravels and crush recently 
spawned eggs. It is also possible that the developing eggs 
may depend on water percolating through the gravels 
from above, so alterations of inowing streams or lagoons 
may affect the suitability of the spawning habitat for 
egg survival.

Longfin Smelt

History of the Fishery

Longn smelt (Spirinchus thaleichthys) were once har-
vested along with delta smelt in the Sacramento-San Joa-
quin estuary for Chinese markets in San Francisco. There 
is currently no longn smelt shery in California, however 
it is often bycatch in the bay shrimp shery.

Status of Biological Knowledge

The longn smelt is a pelagic, estuarine sh, which ranges 
from Monterey Bay to Alaska. In California, it has histori-
cally been collected in the Sacramento-San Joaquin estu-
ary, Russian River estuary, Humboldt Bay, and the Eel, 
Klamath, and Smith rivers. It is also often collected in the 
coastal waters of the Gulf of the Farallones particularly 
during late summer and fall. 
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In the Sacramento-San Joaquin estuary, longn smelt are 
widely distributed in the brackish parts of the estuary 
ranging in salinities from 14 to 28 ppt. Adults feed mainly 
on the opossum shrimp, while juveniles prefer copepods. 
Longn smelt live up to three years and reach lengths of 
six inches, but most spawning adults are two years old and 
about four inches in length. Longn smelt are anadromous 
and spawning takes place in the freshwater or slightly 
brackish portions of the estuary from December through 
April. Females produce between 5,000 and 24,000 eggs, 
which are adhesive and attach to the substrate. Hatching 
takes place in up to 40 days depending on the water 
temperature. This winter to early spring spawning period 
results in larvae hatching at times when freshwater out-
ows out of the estuary are highest. Early-stage larvae 
are surface oriented and are transported long distances 
by surface currents generated as these high freshwater 
ows mix with more saline water. As larvae mature, they 
move to lower portions of the water column at salinities 
of about 15 ppt where they can maintain their position in 
the estuary. Potential predators of longn smelt include 
striped bass and inland silversides (eggs and larvae).  

The annual abundance of longn smelt in the Sacramento-
San Joaquin estuary is signicantly and positively cor-
related with the amount of freshwater outow during 
spawning and larval periods. Potential mechanisms for this 
strong relationship include a reduction in predation during 
periods of high ows, increased habitat availability which 
may increase survival by reducing interspecic competi-
tion, and increases in nutrient levels which are transferred 
up the food chain.

Hybrids between longn and delta smelt have been col-
lected in the Sacramento-San Joaquin estuary. However, it 
is unlikely that offspring are fertile since these species are 
not closely related and no genetic introgression has been 
observed. Under certain hydrologic conditions longn and 
delta smelt apparently overlap in their spawn times and 
locations. However, it appears that these circumstances 
are rare since only a few of these hybrids have been 
observed.  

Status of the Population

Longn smelt was once one of the most common shes 
in the Sacramento-San Joaquin estuary; however, abun-
dance reached an all time low in 1992, following seven 
years of drought. In the late 1990s, population levels have 
increased as hydrologic conditions have become wetter 
and freshwater outows have increased, however popula-
tion levels have not fully recovered to expected levels 
based on the abundance-outow relationship. Additional 
factors potentially affecting abundance include reductions 
in outows through water exports, entrainment losses 
to water diversions, climatic variations, toxic substances, 

increases in predation, reductions in food availability sub-
sequent to invasions by exotic species. 

Resident populations in coastal estuaries along the north-
ern coast of California have declined dramatically or all 
but disappeared since the 1970s. Once common in Hum-
boldt Bay, longn smelt have only been observed in very 
small numbers in the mid-1990s. In addition, sporadic col-
lections of longn smelt from the Eel River estuary and 
the Klamath River occurred in the mid-1990s. There have 
been no recent observations in the Smith River. Although 
the causes of these declines in these northern estuaries 
are not known, they may be similar to the causes of the 
decline in the Sacramento-San Joaquin estuary. 

Because of the severe decline in abundance of longn 
smelt in California in the early 1990s, the USFWS was 
petitioned to list the longn smelt as a threatened spe-
cies. The petition was denied in 1993, largely on the 
basis that the California populations were not genetically 
distinct from abundant and stable populations found 
in Washington.

Eulachon

History of the Fishery

The eulachon (Thaleichthys pacicus) is the largest of 
smelts found in California. It is also known as candlesh, 
because they are so oily that American Indians once dried 
them to burn like candles. They are highly prized as a 
food sh, being considered one of the tastiest of the 
smelts. Until the mid-1970s or so, eulachon supported a 
fairly consistent river sport dipnet shery, as well as a 
dipnet shery by American Indians. The commercial catch 
in California has apparently never been large (maximum 
reported landings are 3,000 pounds in 1987), but eulachon 
are important commercially in British Columbia.

Status of Biological Knowledge

Eulachon range from central California to Alaska. In Cali-
fornia, they are found along the coast as far south as 
Monterey Bay and seem to prefer the outer continental 
shelf, where they school at depths of 150 to 750 feet. 
They reach a length of up to twelve inches and may live to 
be ve years old. They feed mainly on euphausid shrimps, 
copepods, and other crustaceans and can reach maturity 
in two to three years. They are a very important food for 
predatory marine animals, including salmon, halibut, cod, 
and sturgeon. 

Eulachon are anadromous, spending most of their life in 
the open ocean then migrating to lower reaches of coastal 
streams to spawn in fresh water. The principal spawning 
run in California is in the Klamath River, but runs have also 
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been recorded in the Mad and Smith Rivers and Redwood 
Creek. They spawn in gravelly rifes close to the stream 
mouths, rarely ascending more than six or seven miles. 
Most eulachon die after spawning, but a few apparently 
live to spawn a second time. Each female lays about 
25,000 eggs which stick to the gravel and hatch in two 
to three weeks.

Status of Population

In recent years, eulachon numbers seem to have declined 
drastically; so they are now rare or absent from the Mad 
River and Redwood Creek and scarce in the Klamath River. 
However, the eulachon and its shery have been largely 
ignored in the past, and so we do not known if the sh are 
at a low point in a natural population cycle or if they have 
been reduced by human related factors. 

Whitebait Smelt

History of the Fishery

Although about half the commercial smelt catch was 
called “whitebait smelt,” the species itself (Allosmerus 
elongates) is apparently uncommon throughout its range 
or only locally abundant and so it probably infrequently 
taken in the shery.

Status of Biological Knowledge

One indication of the scarcity of whitebait smelt is that 
comparatively little is known about its biology. Like other 
smelt, they live in large schools and are voracious feeders 
on zooplankton. They tend to favor productive inshore 
areas and bays; however they are only rarely caught in 
estuaries or coastal waters. They are collected sporadi-
cally in San Francisco and San Pablo bays primarily during 
winter and spring. Spawning is thought to take place in 
sandy, subtidal areas. The Sacramento-San Joaquin estu-
ary does not appear to be a spawning area since only 
post-larval to adult individuals have been collected there. 
Young-of-the-year remain translucent and are considered 
“post-larval” until they are almost three inches in length. 
They live one to three years and reach lengths of seven 
inches. The succession of even year classes in San Fran-
cisco Bay may suggest a two-year maturity schedule.

Status of Population

This species seems to be locally abundant and rarely 
enters the shery. However, we have no idea if it was 
more abundant in the past or whether current populations 
are stable or not. 

Discussion

California smelts provide examples at two ends of the 
spectrum of California sheries. At one end are the 

surf smelt and night smelt, which together support a fairly 
large commercial and sport shery. Although the shery is 
one of the largest in California in terms of numbers and 
pounds of sh caught, its value is relatively low. It is 
also a shery about which surprisingly little is known and 
could conceivably decline or collapse from a combination 
of overexploitation and alterations to the 19 or 20 princi-
pal spawning beaches, which are receiving increasingly 
heavy recreational use. At the other end of the sheries 
spectrum are delta smelt, longn smelt, eulachon, and 
whitebait smelt, all species, which once supported sher-
ies but that are now in relatively low numbers. One of 
these species has been listed as a threatened species, 
another was petitioned to be listed, and the other two 
we know so little about that we do not know if these 
populations are in trouble. Three of these species require 
fresh water for spawning and their declines are probably 
all related to alterations of the spawning and rearing 
habitats. It is clear that we need to know much more 
about all of California’s smelt, so that they can be man-
aged for sheries of the future and to maintain their 
important roles in coastal and estuarine food webs.

Management Considerations
See the Management Considerations Appendix A for 
further information on all the true smelts.

Dale A. Sweetnam and Randall D. Baxter
California Department of Fish and Game

Peter B. Moyle
University of California, Davis
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Bay and Estuarine Finfish

 Pacific True
 Herring Smelts1

Year Pounds Pounds

1916 2,928,591 1,153,306
1917 7,435,997 1,107,349
1918 7,938,280 932,841
1919 4,289,899 762,895
1920 274,364 744,865
1921 542,124 770,302 
1922 341,621 914,147
1923 383,950 874,198
1924 435,620 844,395
1925 862,974 822,637
1926 453,607 968,680
1927 1,168,321 1,100,070
1928 1,139,682 1,061,302
1929 957,563 1,176,214
1930 717,634 1,229,582
1931 685,759 1,216,305
1932 765,724 1,032,756
1933 601,445 825,453
1934 801,601 838,173
1935 933,285 1,039,825
1936 840,530 1,038,969
1937 631,330 768,247
1938 504,884 674,585
1939 302,242 641,819
1940 453,193 576,809
1941 789,753 583,841
1942 190,815 603,197
1943 630,358 1,707,640
1944 422,255 1,810,469
1945 460,465 2,660,732
1946 481,776 1,137,813
1947 1,654,850 1,039,926
1948 8,002,692 1,004,595
1949 379,311 957,380
1950 1,425,351 798,575
1951 4,923,655 1,257,719
1952 9,495,386 798,794
1953 7,801,928 849,408
1954 911,906 876,508
1955 1,946,521 994,730
1956 1,735,776 615,153
1957 1,188,080 615,072
1958 1,726,966 856,669
1959 1,727,013 826,353
1960 1,800,672 597,757
1961 1,401,248 827,117
1962 1,305,569 527,855
1963 630,087 506,536
1964 349,270 605,254
1965 516,319 517,547
1966 241,973 684,716
1967 271,902 791,669
1968 357,869 681,123
1969 170,532 574,910
1970 315,968 811,364
1971 240,936 495,153
1972 115,748 703,656
1973 2,813,267 1,307,180
1974 5,252,676 768,844
1975 2,433,676 648,325
1976 4,858,113 627,416
1977 9,301,000 878,206
1978 11,387,000 372,317
1979 9,373,600 546,843
 

 Pacific True
 Herring Smelts1

Year Pounds Pounds

1980 17,447,200 560,437
1981 13,442,600 425,506
1982 23,433,040 698,396
1983 17,825,400 310,726
1984 8,973,600 482,563
1985 16,943,800 1,075,513
1986 16,816,400 633,716
1987 18,569,200 928,798
1988 19,369,600 867,271
1989 20,339,200 745,147
1990 17,944,200 900,527
1991 15,942,800 1,345,154
1992 13,476,400 903,908
1993 9,552,200 1,112,876
1994 6,496,600 1,912,447
1995 10,256,600 2,032,352
1996 14,551,200 2,075,415
1997 20,117,400 1,741,649
1998 5,347,200 503,118
1999 4,834,400 563,369 
   
    
   
1 True smelts includes the combined commercial land-

ing categories of smelt and white bait smelt for 
1916 through 1969 and the combined commercial 
landing categories of true smelts, surf smelts, white 
bait smelt, and night smelt for 1970 through 1999.

 Striped
 Bass
Year No. of Fish1,2

1960 30,856
1961 42,357
1962 39,682
1963 58,551
1964 34,163
1965 16,488
1966 44,869
1967 23,794
1968 23,058
1969 20,091
1970 15,269
1971 13,381
1972 31,690
1973 21,120
1974 41,561
1975 17,561
1976 10,677
1977 8,263
1978 2,609
1979 7,370
1980 1,391
1981 2,985
1982 3,646
1983 14,206
1984 13,524
1985 9,686
1986 8,572
1987 8,858
1988 10,415
1989 2,167
1990 2,356
1991 4,427
1992 5,274
1993 1,687
1994 2,247
1995 3,102
1996 6,096
1997 7,368
1998 19,720
1999 10,774
   
 
1 All data presented in number of fish caught.
2 Ocean and San Francisco Bay recreational catch; 

Sacramento-San Joaquin Delta receational catches 
are not included until 1964.  
   

Commercial Landings Recreational Catch

Bay and Estuarine Finfish


