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Introduction

The Marine Life Management Act (MLMA) changed the way the California
Department of Fish and Game (Department) approached management of the State’s
marine resources. The goal of the act, which became law on January 1, 1999, was to
ensure that the marine resources of the State, and the habitats upon which they
depend, are used sustainably and conserved. When species have been depleted or
habitats degraded, restoration is the management goal. The Department is expected to
use the best available science to guide management efforts.

Acknowledging that the Department’s resources are limited, the MLMA also
prescribed a collaborative and public involvement approach to management. This
approach includes all interest groups that have a stake in the State’s marine resources,
users and non-users alike.

The MLMA also required the Department to prepare regular reports on the status of
recreational and commercial marine fisheries managed by the State. In 2001,
California’s Living Marine Resources: A Status Report was published.

The comprehensive 2001 document provides baseline information and references
on all of California’s economically and ecologically important marine species. In 2004,
an Annual Status of the Fisheries Report Through 2003 was completed by the
Department and updated information was provided on 14 species or species groups. In
2008, the Status of the Fisheries Report-An Update Through 2006 was completed
providing updated information on 15 species. This report continues the series, with 23
sections, focusing on new species of interest (Kellet's whelk, hagfish), species with new
information (eulachon, giant sea bass), and species with changes to management
(thresher shark, sturgeons, groundfish). This continuing series of reports allows those
who are interested in or participants in California’s marine management, to have a
common and updated source of information about important marine resources. All of
the mentioned reports can be found on the Department’s website at
http://www.dfg.ca.gov/marine/status/index.asp.

Several key sources of information were used in writing these species reviews.
Fishery-dependent data (information collected from fishers or fishing activities) include:

e Commercial Fisheries Information System (CFIS) — Every time a commercial
fisher lands his catch, a landing receipt is filled out documenting the market
category, poundage, gear, price paid to the fisher, and other relevant information
(FGC §8043). Market categories may be identified as individual (Pacific bonito,
sablefish) or groups of species (unidentified skate, group deep nearshore
rockfish). Landing receipts have been collected since 1916 to the present.

e Marine Recreational Fisheries Statistics Survey (MRFSS) — This national
survey provided estimates of the fish caught recreationally in California through
interviews with anglers and onboard observations. Species may be identified as
individual (Pacific bonito, lingcod) or groups of species (skate and ray order,
rockfish genus). This program began in 1980, with a brief hiatus from 1990
through 1992, and was terminated in California on December 31, 2003.
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e California Recreational Fisheries Survey (CRFS) — This statewide survey was
begun on January 1, 2004. The CRFS uses interviews with anglers and onboard
observations to collect data on California’s marine recreational fisheries, and
estimates the catch and effort of angler fishing for marine finfish. Species may
be identified as individual (Pacific bonito, lingcod) or groups of species (skate
and ray order, sturgeon genus). Due to differences in sampling methodology
MRFSS and CRFS are not directly comparable.

e Commercial Passenger Fishing Vessel (CPFV) logbooks — Every CPFV
captain is required to submit a log for each fishing trip which documents the
number of anglers aboard and the species and numbers and type of fish caught
and released (FGC §7923; Title 14, CCR, §190). Species may be identified as
individual (Pacific bonito, cabezon) or groups of species (unspecified rockfish,
unspecified sturgeon). This program began in 1936, with a brief hiatus from
1941 through 1946, and continues today.

Whenever available, fishery-independent data (information that is not collected
from fishers or fishing activities) were also used in the species reviews. This
information is primarily research data collected by the Department or academics
using research methodology and technology.
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1 Coonstripe Shrimp, Pandalus danae

A coonstripe shrimp, Pandalus danae, caught near
Crescent City, California. Photo credit: J. Bieraugel.

History of the Fishery

The California commercial fishery for the coonstripe shrimp, Pandalus danae, is
a relatively new fishery. The first landing record for this species was in 1995; however,
they were likely landed in small amounts prior to 1995 and recorded only in a general
shrimp market category. Commercial coonstripe shrimp regulations adopted by the
California Fish and Game Commission in 2002 (Title 14, CCR, §180.15) were devised
cooperatively by the California Department of Fish and Game (Department) and fishers.
Prior to 2002, the fishery was essentially unregulated. Current regulations cover
general trap and vessel permit requirements, prohibit trawling, specify a closed season
from November 1 through April 30, and provide a control date for a possible limited
entry fishery. Logbooks are not required.

California has the largest directed coonstripe shrimp trap fishery on the west
coast of North America. Most of the fishing activity takes place within a few miles of
Crescent City Harbor. A formerly active trap fishery in southern Oregon has dwindled,
culminating in landings of less than 10 pounds per season (4.5 kilograms per season)
for the past three years. In the San Juan Islands of Washington state, there is small
trap and trawl fishery for coonstripe shrimp. In southern British Columbia, there is short
season trap fishery, a small directed trawl fishery and some coonstripe shrimp are
caught incidentally in pink and sidestripe shrimp trawls. Total trap and trawl landings in
both Washington and British Columbia are similar in size to California’s trap fishery. In
Alaska, coonstripe shrimp are not targeted, but are landed incidental to other fisheries.

The California commercial fishery for coonstripe shrimp had its first significant
landings in 1996 and remained relatively stable from 1997 through 2002, averaging
78,200 pounds (36 metric tons) per year. After declining to a low of 22,200 pounds (10
metric tons) in 2007, the 2008 season yielded 85,200 pounds (39 metric tons), the
second largest annual landings. Average landings for the fishery, since 1996, are
almost 62,800 pounds (28 metric tons) (Figure 1-1).

Status of the Fisheries Report 2008 1-1



I | andings —e— Value
100 $400
90 A F $350
w80
© - $300 »
§_ 70 - S
T 60 - - $250 S
c ©
3 5
S 50 A F $200 «
(o] >
E o
R | ey
" 40 F $150 &
g 30 s
z L $100 S
20 4
10 4 - $50
0 + $0
[Tl © N~ [ce] [o)] o ~— N (a2} < [Tl [(e} N~ (o]
(2] (2] (2] (2] (2] o o o o o o o o o
(o] [} [o)] » [o)] o o o o o o o o o
~ ~ ~ ~ ~ N N N N N N N N N
Year

Figure 1-1. Coonstripe shrimp commercial landings and value, 1995-2008. Data source: CFIS data, all
gear types combined.

Although catch-per-unit-effort is reportedly low, a high price per pound keeps
diligent fishers interested. Fishers often soak gear for several days and can store
several trips worth of Coonstripe shrimp alive before selling to the fish buyer. Count per
pound ranges from 23 to 40 shrimp, but buyers prefer lower counts of larger shrimp.
The live product is shipped to markets in the San Francisco and Los Angeles areas
where consumers pay $5.99 to $6.99 per pound ($13.20 to $15.40 per kilogram),
depending on quality. Since 1996, the average price paid to fishers has ranged from
$3.52 to $4.25 per pound ($7.77 to $9.36 per kilogram). Paid the latter in 2008, total ex-
vessel value was $361,800 (Figure 1-1). Average annual ex-vessel value from 1996 to
2008 was $245,400.

As an open access fishery, the size and composition of the fleet varies each
year. Since 1995, there has been between 1 and 20 vessels making landings — mostly
directed and some incidental. Only a few fishers consistently make substantial
landings, others come and go. Seven vessels made landings in 2008, with four vessels
catching the majority of the shrimp. All seven are also commercial Dungeness crab
vessels. The coonstripe shrimp season, May 1 through October 31, complements the
Dungeness crab season, December 1 through July 15. Since the enactment of the
coonstripe shrimp vessel trap permit requirement in 2002, there are typically three times
the number of permits sold as are used each year.
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In the Crescent City area, fishers set
traps on the muddy bottom near rocky reefs.
The latest trap style is a tapered, circular design
from Canada (Figure 1-2). Each trap weighs
less than10 pounds (4.5 kilograms) and is
constructed of mesh over a stainless steel
frame. The traps are typically 39 inches (1
meter) diameter, 16 inches (41 centimeters) tall
and have entry funnels 3 inches (8 centimeters)
in diameter. Traps are fished in sets of 10 to 15
connected together on a long line string. Each
end of the set is held down by a weight and
marked with a buoy on the surface. Fresh fish,
usually sardines, mackerel, herring or albacore,
is used as bait. Some fishers position their
traps at a rather specific depth, about 25
fathoms (46 meters), while others vary the

p X — -
depth and prospect as shallow as 12 fathoms Figure 1-2. A Crescent City commercial
(22 meters). The predominant fishers have fisher empties a typical coonstripe shrimp
about 500 traps, and may fish fewer. Gear is trap onto a sorting table. Photo credit:

rarely lost, but does wear out. J. Bieraugel.

Habitat damage and bycatch from this fishery is considered minimal. Since traps
are set on muddy bottoms, they generally do not disturb coral, sponges and other fragile
species often growing on rocks. Small shrimp and bycatch can escape the trap through
the mesh, typically 0.5 inch square openings. Once onboard, the catch is carefully
sorted and discards are thrown over, live if possible. Onboard fisheries observers have
reported bycatch including hermit crabs; snails; juvenile Dungeness and rock crabs;
decorator, umbrella and butterfly crabs; sunflower stars; hagdfish; juvenile lingcod,
cabezon and rockfish; sculpin; octopus; and other small shrimp.

Interest in recreational fishing also rose in the 1990s, presumably because the
growing commercial fishery showed that the shrimp could be fished close to shore with
lightweight traps. The recreational limit was increased from the general invertebrate
species limit of 35 shrimp per day to 20 pounds (9 kilograms) per day in 1998 (Title 14,
CCR, §29.88). There is no closed season or size limit for the recreational fishery. Effort
and catch are believed to be minimal, although fishery surveys have not been
conducted. This species is not targeted by commercial passenger fishing vessels.

Status of the Biological Knowledge

Coonstripe shrimp are crustaceans in the order Decopoda containing lobsters,
crayfish, crabs and other shrimp. These caridean shrimp are members of the
Pandalidae family, a family of cold water shrimp containing 24 genera and 162 species.
Pandalid shrimp are medium to large size, have a laterally compressed body, a blade-
like rostrum (spine-like extension of the anterior median carapace), well developed
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antennal scales and a muscular abdomen. The muscular abdomen, used for swimming
propulsion, has little room for organs—making it desirable as food. Antennal scales act
as rudders and brakes and make possible elaborate escape maneuvers. Pereopods,
the longest limbs, are relatively small and more suited to perching than walking.

Pincers (claws called chelae), usually on the first two pereopods, are small or lacking in
pandalids. The coonstripe shrimp has unevenly sized chelipeds (pereopods with
chelae), favoring one side for feeding and other for grooming. They are known to spend
a considerable amount of time keeping body surfaces and chemoreceptors clean. Their
limbs are equipped with tiny brush and comb-like groups of setae especially for this
purpose. The rostrum terminates in three points and has 7 to 16 dorsal spines and 5 to
10 ventral teeth. Body color is generally a milky-translucent background with prominent
red to brown stripes and dots, sometimes with white markings and blue dots. There are
broken, diagonal stripes on the abdomen and strong banding on the legs and antennae.
The name coonstripe is sometimes attributed to other pandalid shrimp species which
also bear striped markings.

Coonstripe shrimp is also referred to as dock shrimp for its habit of sometimes
living around pilings. Normally, juveniles live in shallower water while adults live in the
sublittoral zone at depths up to 606 feet (185 meters). This epibenthic shrimp inhabits a
variety of bottom substrates, from mud to gravel, usually in areas with strong currents
and shelter to hide in by day. Wide ranging, they are found from Sitka, Alaska to at
least Point Loma, California (San Diego County). The southern end of their range has
been incorrectly stated as far north as San Francisco, but with confirmation that
Pandalus gurneyi is a synonym of P. danae, it is likely that the coonstripe shrimp range
extends into Baja California, Mexico. Sporadically caught in many fisheries and
surveys, they have only been found in densities high enough to support a fishery in a
few select locations. Prey items include polychete worms and small invertebrates such
as copepods and amphipods. Predators are likely octopus, crabs and various
groundfish. Biological information on coonstripe shrimp is somewhat limited.

Coonstripe shrimp were the first of the pandalid shrimp to be described as
protandrous hermaphrodites, beginning as males and transforming into females during
the course of their lives. Most of the shrimp hatch as males in the spring, usually April,
and spend about 3 months nearby as larvae. Larvae are complete with two pairs of
antennae, mandibles, eyes and thoracic appendages used for swimming. Once the
juvenile form is attained, usually by June, they undergo rapid molting and growth. Four
months later, usually October, they are sexually mature and begin breeding. In their
second year of breeding most are still males. Subsequently, the shrimp begin
transforming into females. In their third year, they breed as females and probably do
not survive another year. A small percentage of coonstripe shrimp are primary females,
hatching and living their entire lives as females, thus adding resiliency to the species.
This anomaly is assumed to increase in response to environmental pressures, such as
fishing selectively for large females, which may unbalance the sex ratio. However,
laboratory experiments indicate that for coonstripe shrimp, genetics is a stronger
influence on sex determination. Sex change triggers are still poorly understood.
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Coonstripe shrimp are unusual i
shrimp in that ovigerous (egg bearing)
females can be found throughout the
year (Figure 1-3). In studies from
southern British Columbia, egg
bearing females were mainly
encountered from November to April.
Recent anecdotal information from the
California fishery indicates egg bearing
females are encountered throughout
the fishing season, especially near the ~ Figure 1-|3-nA :}’?mal!]z c?oigstri?ﬁ srhritr’zp rzeirinlghe%gs
beginning Dockside sampling (Green) lons e uncersae of e abdomen. Phalo
conducted by the Department in 1997,
prior to the seasonal closure regulation, found the number of ovigerous females caught
in the Crescent City fishery declined from 100 percent at the end of March to less than
five percent at the end of June. During May 1997, corresponding to the first month of
the current season, at least 50 percent of females caught were ovigerous. Larval
recruitment in the closely related pink shrimp, Pandalus jordani, has been linked to
ocean conditions and the strength and timing of the spring transition. Each year, along
the Pacific Coast of North American between San Francisco, California (38° North
Latitude) and the Queen Charlotte Islands, British Columbia, Canada (52° North
Latitude), the coastal winds switch from the southerly winds of winter to the northerly
winds of summer producing the spring transition. Some years, the impact of taking egg
bearing females in late spring can have a large effect on recruitment because those
may be the very eggs with the best chance of survival. Further investigation is
necessary to understand how this concept relates to coonstripe shrimp recruitment.

The habit of continual breeding also complicates determining size at age for
coonstripe shrimp. Research, again from British Columbia, found that males maturing
in October of their first year averaged about 2.5 inches (6-7 cm) total length (TL),
averaged 3.4 inches TL (8.5 centimeters) the following October and after becoming
female by the third October, averaged 3.9 inches TL (10 centimeters). Large
specimens can reach 5.5 inches TL (14 centimeters).

Coonstripe shrimp find their mates using a strategy called pure searching. Males
do not guard the female or a territory. This avoidance of conflict allows them to be
smaller without the necessary fighting chelipeds. The two sexes have chance
encounters and may not even acknowledge each other until after the female molts and
is therefore ready to mate. This strategy is found in populations of mobile species
occurring in sufficient density that meetings are frequent. Mating is brief and females
have the option to physically reject copulation and the depositing of the
spermatophores. Soon after successful mating, the female extrudes, fertilizes and
attaches the eggs to her swimming appendages where they are carried until hatching.
Incubation of the eggs by the female produces lower fecundity but also lowers mortality
before hatching. Cold water shrimp carry only a few hundred to a few thousand eggs
each year and coonstripe shrimp averages 1140 eggs per year. This is a relatively
small amount compared to warm water shrimp who release tens of thousands of eggs
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annually. Like most cold water shrimp, the life history of coonstripe shrimp makes them
unsuitable for aquaculture and susceptible to overfishing, especially in combination with
habitat damage or climate change. There is currently no aquaculture of this species.

Status of the Population

Based on the short history of the fishery, the effort, landings and value appear
relatively stable. However, to date there have been no estimates of abundance or other
population parameters, such as recruitment and mortality rates, with which to assess
the stock for sustainability. The relatively limited distribution of the fishable stock of
coonstripe shrimp would seem to increase its vulnerability to overfishing.

Management Considerations

Although there are currently few active participants, coonstripe shrimp is an open
access commercial fishery with no trap limits, and each year about three times as many
permits are sold as vessels make landings. There is little to no interest within the
industry in pursuing a permit or trap restriction program at this time. However, a control
date of November 1, 2001 has been set in case a restricted access program is
considered in the future (Title 14, CCR, §180.15); trap limits should be considered
simultaneously. Gear cost and low catch-per-unit-effort will likely keep both the
commercial and recreational fisheries from expanding rapidly, but effort should be
monitored.

The current seasonal closure of the fishery is based on biological information
from Canadian stocks, a short dockside sampling program in Crescent City and
recommendations from local fishers. Although the season is designed to avoid the most
common period of egg bearing females—sampling catch composition over a longer time
period would check the effectiveness of this strategy. There is no closed season for the
recreational fishery; egg bearing females can be legally harvested year round.
Conservative management of this fishery is necessary because of the lack of data on
this species. Further investigation of life cycle timing, the relationship of larval
recruitment to ocean conditions and what portion of the stock is taken each year would
help determine the impact of harvesting ovigerous females.

Brooke A.B. McVeigh
California Department of Fish and Game
BMcVeigh@dfg.ca.gov
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Coonstripe shrimp commercial landings and value,

1995-2008.

Year Pounds Value

1995 2,486 $3,729
1996 35,136 $137,734
1997 79,173 $295,017
1998 63,809 $256,431
1999 75,540 $312,906
2000 86,369 $353,627
2001 82,149 $305,265
2002 82,239 $295,505
2003 62,003 $218,533
2004 45,989 $177,448
2005 60,184 $238,551
2006 35,937 $144,664
2007 22,142 $92,706
2008 85,176 $361,801

Data Source: CFIS data, all gear types combined.
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2 Kellet's Whelk, Kelletia kelletii

Kellet's whelk, Kelletia kelletii. Photo credit: Gerald
and Buff Corsi © California Academy of Sciences.

History of the Fishery

The Kellet's whelk, Kelletia kelletii, is a large subtidal gastropod that is subject to
a steadily increasing commercial fishery. Historically, Kellet’'s whelks have been found
in archeological and paleontological sites in southern California. The earliest recorded
commercial landing data specific to Kellet's whelk dates back to 1979, but prior to this it
may have been recorded as miscellaneous mollusks or sea snails. Landings data
indicate an increase in take starting in 1993 at 4590 pounds (2 metric tons), with highest
landings in 2006 of 191,177 pounds (87 metric tons), over a forty-fold increase in
thirteen years (Figure 2-1). An 81 percent increase in landings occurred between 2005
and 2006.

Kellet's whelk landings have been reported at 24 ports from 1979 to 2008, with
80 percent of landings occurring at four ports. The maijority of landings (439,828
pounds, 200 metric tons) occurred at Santa Barbara, with approximately 40 percent of
the total landings reported. The other three top ports were Terminal Island, San Diego,
and San Pedro, with cumulative landings of 178,264 pounds (81 metric tons), 152,647
pounds (69 metric tons) and 136,971 pounds (62 metric tons), respectively.

Ex-vessel value from the 2008 commercial harvest of Kellet's whelks was
approximately $132,700, with price per pound averaging $0.82 ($1.81 per kilogram).
Since 1979, the fishery’s ex-vessel value has ranged from $94 (1988) to approximately
$136,000 (2007) and the ex-vessel price has ranged from $0.24 per pound ($0.53 per
kilogram) in 1981 to $0.88 per pound ($1.94 per kilogram) in 1992.

Since 1979, 89 percent of all harvested Kellet's whelks have been taken
incidentally in lobster and crab traps when they enter to prey on bait and injured
crustaceans. The other method of take is diving. Ninety-nine percent of Kellet's whelks
are used for human consumption and are mainly sold in live fish markets.
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The Kellet’'s whelk is usually taken incidentally in the lobster or rock crab
fisheries. Both of these fisheries have restricted permits specific to their fishery. Rock
crab fishers must also have a general trap permit, while the spiny lobster permittee is
exempt from the general trap permit requirement. Commercial divers are required to
have a commercial fishing license, and may only take whelks further than 1000 feet
(305 meters) beyond the low tide mark, as the take of any snails is prohibited in the tidal
invertebrate zone (Title 14, CCR, §123).

Recreational take of Kellet’'s whelk by hand is allowed (Title 14, CCR, §29.05)
outside of the 1000 foot (305 meter) tidal invertebrate zone. Except where prohibited in
state marine reserves, state marine parks and state marine conservation areas the bag
limit is 35 animals with no closed season.

Research demands dictate the number of Kellet's whelks that are collected each
year under Scientific Collecting Permits (SCP). This number varies widely depending
on current research trends and SCP reporting.
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Figure 2-1. Kellet's whelk commercial landings, 1979-2008. Data source: CFIS data, all gear types
combined. Data not available prior to 1979.

Status of the Biological Knowledge

Kellet's whelks are the largest buccinid gastropods found in southern California.
The robust, spindle shaped, spiraled shell can reach 6.9 inches (17.5 centimeters) in
length. Shells are white to tan and are often covered with encrusting organisms such as
bryozoans, sponges and algae.

The Kellet's whelk is commonly found in kelp forests and on rocky reef habitat
from central Baja California to Point Conception, California. It has also been found in
sandy habitat adjacent to reef structure and buried under sand or shell debris. Rarely
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found in the intertidal, the Kellet's whelk depth ranges from low intertidal to 230 feet (70
meters). In 1981, observations of adult Kellet's whelks were reported in Monterey
County, 250 miles (400 kilometers) north of its previously known northern boundary
range.

Kellet's whelks display sexual dimorphism with females being the larger
individual in a mating pair. Females are generally sexually mature between 2.6 and 2.8
inches (6.5 and 7.0 centimeters), with males maturing at slightly smaller sizes.
Fertilization is internal, and spawning occurs annually in March, April and May, with
aggregations of 15 to 20 mating pairs commonly seen during spawning. Reports exist
of 200 to 300 individuals observed within one 215 square foot (20 square meter) area.

Oval shaped egg capsules are deposited in clusters on hard substrate, including
reef, discarded mollusk shells or other Kellet's whelks, with egg laying speculated to be
favored on substrate already containing Kellet's whelk egg capsules. Egg deposition
may occur over several days at several locations, or all within one day. Egg capsules
generally contain between 400 and 1200 eggs with the height of the capsule, and
number of eggs directly correlated to the size of the spawning female. Egg capsule
height generally ranges between 0.2 and 0.4 inches (6 and 9 millimeters) and may
occasionally contain up to 2200 eggs. Embryos begin development within the capsule
and emerge into the water column as free swimming veliger larvae. Veliger size is
inversely related to egg capsule size, with smaller capsules containing larger veligers.
The length of time in the planktonic larval stage is unknown.

Kellet's whelks are slow growing, and growth rates are uncertain. Studies have
suggested growth of 0.3 to 0.4 inches (7 to 10 millimeters) per year until sexual
maturity. Once reaching sexual maturity, growth slows considerably and it has been
suggested that it takes at least 20 years to reach 3.5 inches (9.0 centimeters). In a
year-long tagging study in southern California the majority of the 188 animals
recaptured showed no growth.

Kellet's whelks are opportunistic carnivores that feed on dead or dying
organisms, often forming feeding aggregations. However, they will also actively pursue
prey including several species of turban snails. Ingestion occurs through the scraping
of the radula, a tonguelike structure bearing rows of teeth, and the muscular suction
action of the prehensile proboscis, a tubular extension used for feeding which can be
extended up to three times the length of the shell. They are voracious eaters and often
feed on bait and injured crustaceans in commercial crab and lobster traps.

Predators include the moon snail, sea stars, octopus and also sea otters in
central California. Juvenile Kellet's whelks are also eaten by a variety of fish. Kellet's
whelks are often found feeding alongside its predator, the giant seastar.

Status of the Population

There is a paucity of knowledge on the overall status of the Kellet's whelk
population. In 1980, the first live Kellet's whelks were observed at the Hopkins Marine
Life Refuge in Monterey, California, expanding it’s previously known range by over 250
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miles (400 kilometers) from Point Conception, California. Biogeographical research
indicates that a population had existed there for several years before individuals were
detected as adults. No paleontological records exist for this population in central
California. Studies suggest that the Kellet's whelk range expanded to Monterey Bay in
the 1970s or early 1980s, possibly due to an El Nifio event, and is dependent on
recruits from southern California. Lack of reproductive success in this newly
established population is evidenced by the lack of recruits, few juveniles and many large
adults.

During a four year study (1997 to 2000) of Kellet's whelks at eleven sites
throughout their range, the newer northern populations had significantly lower densities
than those of historic southern populations in 1997 [0.65 + 0.22 per square foot versus
8.39 * 0.97 per square foot (0.06 £ 0.02 per square meter historically versus 0.78 + 0.09
per square meter)]. Size frequency distributions also differed significantly, with newly
inhabited regions dominated by older, larger individuals and historically inhabited
regions characterized by normal size distributions and higher frequencies of juveniles
(less than 1 percent in the north versus 39 percent in the south).

Other southern California studies have been completed on a localized scale.
One study near Little Cojo Bay, Santa Barbara County (1980-1981), concluded that the
population was stable and could potentially support a small commercial fishery. A 1995
population study at a subtidal reef off La Jolla, California, suggested the population was
stable and dominated by sexually mature adults, showing low mortality, with low, but
steady recruitment.

Partnership for Interdisciplinary Studies of Coastal Oceans (PISCO) coastal
biodiversity survey data collected between 1999 and 2007 indicate that Kellet's whelk
densities in historically inhabited regions average 0.43 whelks per square foot (0.04
whelks per square meter) and densities from the newly inhabited regions average 0.11
whelks per square foot (0.01 whelks per square meter). The site with the highest
average density in the northern region is at Jalama (Santa Barbara County) with 0.64
whelks per square foot (0.06 whelks per square meter), just north of the historic range.
The southern site with the highest density is at Naples (Los Angeles County) with 3.22
whelks per square foot (0.30 whelks per square meter), followed by Coho (Santa
Barbara County) with 2.58 whelks per square foot (0.24 whelks per square meter).
Coho is just south of Point Conception and the distance separating Coho and Jalama is
less than 10 miles (16 kilometers).

Management Considerations

Subject to a rapidly expanding fishery, the harvest of Kellet's whelks is not
regulated by a minimum size limit, season, or any type of harvest quotas. Due to life
history characteristics such as slow growth rates and aggregate feeding behavior, and
the lack of knowledge on the impact of increased fishing rates, interim regulations
should be implemented under a precautionary principle until a stock assessment can be
completed.
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Establishing a minimum size limit of 3.0 inches (7.6 centimeters) in shell length to
allow for successful reproduction prior to harvest, and a closed season from March
through May to protect spawning aggregations would be beneficial to the fishery.

Future considerations may include the southern range expansion of the sea otter,
as foraging otters have impacted Kellet's whelk populations occurring within their
current range. There are commercial fishers interested in targeting Kellet's whelk with
specially designed traps. To fish such traps an experimental gear permit would be
required. The issuance of an experimental gear permit requires a logbook for all fishing
activities, and an evaluation by the California Department of Fish and Game and the
California Fish and Game Commission of the sustainability of such a fishery based on
the data generated.

Kristin Hubbard
California Department of Fish and Game
KHubbard@dfg.ca.gov
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Kellet's whelk commercial landings, 1979-2008.
Year Pounds Year Pounds
1979 1,958 1994 39,513
1980 645 1995 29,959
1981 860 1996 20,391
1982 550 1997 18,453
1983 1,265 1998 29,698
1984 8,032 1999 43,779
1985 7,098 2000 42,716
1986 1,680 2001 41,039
1987 1,216 2002 53,563
1988 142 2003 79,248
1989 1,033 2004 71,304
1990 1,621 2005 105,764
1991 1,983 2006 191,177
1992 1,584 2007 172,201
1993 4,590 2008 160,696

Data Source: CFIS data, all gear types combined. Data not available prior to 1979.
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3 Pacific Hagfish, Eptatretus stoutii

L

Pacific hagfish, Eptatretus stoutii. Photo credit: Andrew Clark.

History of the Fishery

Pacific hagfish, Eptatretus stoutii, are the target of a robust, statewide re-
emerging fishery. Prior to 1982, hagfish were not landed or targeted by California
fishers. Most fishers targeting deep water species viewed hagfish as a nuisance, eating
bait or destroying catch. Hagfish were noted for ruining hooked or netted sharks as well
as hooked shelf and slope rockfish. Hagfish would burrow into the fish, eat the internal
organs and, if time allowed, the rest of the fish. Pacific hagfish would also interfere with
various trap fisheries, such as Dungeness crab, by eating the bait. In Korean waters,
two related species, inshore hagdfish, E. burgeri, and brown hagfish, Paramyxine atami,
were being pursued for food and an eel skin leather trade.

In 1983, eel skin leather products were gaining popularity and fishing effort for
hagfish increased in Korea. By 1985, 400 vessels were landing up to 3000 short tons
(2722 metric tons) annually. From 1986 to 1987 there were approximately 600 vessels
and up to 35 processors in the Korean port of Pusan. Due to fishery depletion, Korean
hagfish processors began to look for outside sources of hadfish.

By late 1987, Korean processors began to solicit California fishers, mostly from
the San Francisco and Monterey port areas, to target hagfish. After one year of fishing,
8 vessels had landed 345 short tons (313 metric tons) (Figure 3-1). The hagfish were
frozen and shipped to Korea for processing. All hagfish meat was discarded due to
Korean importation laws and due to the use of the anesthetic MS222. California fishers
would apply MS222 to the hagfish catch to reduce activity and to prevent hagfish from
biting each other. MS222 is highly toxic and made the flesh unfit for human
consumption.

Shortly thereafter, interest in hagfish increased and California fishing activity
surged. In 1989, statewide landings reached 1321 short tons (1200 metric tons) from
80 participating vessels. The ports with the greatest activity were Ventura, Santa
Barbara, Oxnard and San Francisco. Landings reached the highest on record in 1990
with 2490 tons (2260 metric tons) from 56 participating vessels. lronically, during this
time, Korean interest in hagfish from California declined along with the price. During the
1990 fishing season, skins of hagfish from California became less desirable due to
holes from bites from other hagfish and unexplained pinholes commonly occurring in the
dorsal part of the skin. During the curing process, these holes and bite marks would
stretch and make the skin piece unusable. Hagfish demand decreased in 1991, and
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total landings fell to 151 short tons (137 metric tons). From 1992 to 2004, annual
landings ranged from 0 to 202 short tons (0 to 183 metric tons) and averaged 34 short
tons (31 metric tons).
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Figure 3-1. Pacific hagfish commercial landings, 1982-2008. Data source: CFIS data, all gear types
combined.

Fishing effort and landings increased again in 2005 with a renewed interest in
Pacific hagfish from California. This time the species was sought primarily for human
consumption in Asia, mostly in Korea. Most hagfish were caught and sold live to local
fish receivers, and this practice continues today. Typically, hagfish are placed in
holding tanks owned by fish receivers for a few days for several reasons: 1) to allow
emptying of the hagfish’ digestive tract; and 2) to allow receivers to build their inventory
before sale. A hagfish buyer then purchases the fish from the receiver and exports
them live to Korea. Once in Korea, the hagdfish are processed for human consumption.
In addition, any large hagfish in good condition are still processed for their skins.

California landings in 2005 and 2006 were minimal, but sharply increased in
2007 to 852 short tons (773 metric tons) (Figure 3-1). Ex-vessel ranged from $0.25 to
$2.00 per pound ($40.55 to $4.41 per kilogram), averaging $0.78 per pound ($1.72 per
kilogram). In 2008, landings reached 901 short tons (818 metric tons), and ex-vessel
price ranged from $0.01 to $1.75 per pound ($0.02 to $3.86 per kilogram), averaging
$0.95 per pound ($2.09 per kilogram). This renewed fishing effort for hagfish was also
a result of an increased number of displaced fishers, either from fisheries that had
seasonal reductions or emergency closures, or who were seeking an additional income
source. Buyers were also recruiting fishers by offering traps and equipment to those
who would sell hagfish to them.

There is no recreational fishery for Pacific hagfish.
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Status of Biological Knowledge

The Pacific hagfish is a member of the Myxinidae (hagfishes) family. Hagfish are
cartilaginous fish that lack eyes, jaws, scales and paired fins. Hagfish also have a
single nostril and a mouth that contains two parallel rows of pointed, keratinous teeth.
These teeth are secured to rasping dental plates. The oral/nasal cavity is surrounded
by eight barbells. Considered scavengers, hagfish will feed upon dead fish and marine
mammals, or any other animal matter they can find. Hagfish identify food sources
through their excellent sense of smell and touch. After identification, hagfish will
protract/retract their plates until the food source is secured and consumption begins by
entering an existing hole or making one using their dental plates. The hagfish will then
enter its food item, if possible, consuming it from the inside. Hagfish were once thought
of as parasites due to this behavior. Members of the hagfish family also have mucous
producing “slime” glands along each side of the fish’s body. When agitated, the hagfish
will produce a protein-based mucous that, when mixed with water, produces a thick,
viscous slime. This behavior is the reason hagfish are commonly called “slime eels”.

Pacific hagfish occur in depths from 30 to 2402 feet (9 to 732 meters) on muddy
substrate, but most are caught in depths less than 1800 feet (549 meters). Knowledge
of maturation and fecundity is limited, but improving. Studies indicate that females
attain sexual maturity around 13 inches (33 centimeters) when they are between 7 and
12 years old. Male sexual maturity knowledge is limited, but males are sexually
identifiable at 11 inches (28 centimeters). Males typically will grow to a larger size than
females. Females are sexually identifiable at 8 inches (20 centimeters). Hagfish
fecundity is low with female hagfish producing 20-30 eggs per reproductive cycle.
Female hagfish may contain eggs of various stages of maturity. Reproductive cycle
length is not known; however, a female’s eggs must come to full term before the next
batch of eggs will begin to mature. There is no specific spawning season and female
hagfish may have viable eggs at any time during the year. Viable eggs have been
observed more frequently in sampled hagfish during fall and winter months.

Larger Pacific hagfish may show characteristics of hermaphroditism or
bisexuality. In these rare cases, the hagfish gonad will contain both developing eggs
and active spermatogenic follicles.

Status of the Population

Little is known about the status or biomass of Pacific hagfish stocks. Based on
landings from the first surge of fishing activity from 1989 to 1991 and the current pulse,
which began in 2007, the biomass must be large. A tagging study performed by
Nakamura in 1991 suggests that the population density could range from approximately
484,000 to 714,000 hagfish per square mile (1870 to 2760 hagfish per hectare) in
suitable habitats and in water depths less than 1200 feet (366 meters), although the
estimates were based on samples primarily in the 600 foot (183 meter) depth regime.
Recent California Department of Fish and Game (Department) sampling of the fishery
has shown hagfish to average about four to five individuals per pound, which would
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equate to density estimates ranging from approximately 48 to 89 short tons of hagfish
per square mile (168 to 311 kilograms per hectare), using Nakamura’s data.

Management Considerations

In 1991, at the end of the first surge in fishing activity, the Department enacted
several regulatory measures (FGC §8397). In addition to normal licensing, fishers were
required to purchase a nontransferable hagfish permit to take hagfish. With the hagfish
permit, a general trap permit was not required. Fishers were also required to submit
logs documenting their fishing activities. Vessels were limited to 1200 Korean traps or
300 of any other type of trap. Korean and bucket traps are fished in a string and are
secured to an anchored, central ground line. The Fish and Game Code was later
amended to specify non-Korean traps as the 5-gallon bucket type trap. The
requirement for the hagfish permit and associated fee, and the logbook requirement,
were repealed in April 1998. Beginning in 1999, vessels were limited to 500 Korean
traps or 200 bucket traps (FGC §9001.6).

Currently hadfish fishers and crewmen are required to possess a valid general
trap permit. A logbook is required again. Vessels are limited to a maximum of 500
Korean traps or 200 five-gallon bucket style traps. No other fish, other than hagfish,
may be possessed or targeted while fishing for hagfish or if hagfish are onboard (FGC
§9001.6).

In December 2008, the California Fish and Game Commission authorized the
Department to issue experimental gear permits for the use of 40-gallon barrel traps to
take hagfish commercially. No more than 40 barrel traps, each with its own float and
line, may be used by an individual. This type of gear may reduce potential gear
conflicts with trawlers fishing in federal waters and with the Dungeness crab trap fishery.
In addition, this gear may produce a better, more marketable catch. As a condition of
the permit qualified fishers are required to submit logs of their fishing activity, pay a
permit fee and have at least three days of observer coverage to assess the gear. As of
March 2009, three permits have been issued.

Travis Tanaka
California Department of Fish and Game
TTanaka@dfg.ca.gov
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Pacific hagfish commercial landings, 1982-2008.
Year Pounds Year Pounds Year Pounds
1982 126 1991 303,228 2000 69
1983 45 1992 405,374 2001 44,256
1984 170 1993 473 2002 109
1985 0 1994 1,206 2003 0
1986 0 1995 72 2004 4,466
1987 0 1996 182,445 2005 119,036
1988 690,655 1997 86 2006 169,045
1989 2,642,540 1998 523 2007 1,699,723
1990 4,900,596 1999 206 2008 1,802,935

Data source: CFIS data, all gear types combined.
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4 Thresher Shark, Alopias vulpinus
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History of the Fishery

The common thresher shark, Alopias vulpinus, is the most common commercially
landed shark in California. They are primarily caught using large mesh drift gill nets and
hook and line gear, but are also caught incidentally with small mesh gill nets and
harpoon. Prior to 1977, all sharks were reported in one market category and not
separated by species, and it is assumed threshers were caught as bycatch in gears at
levels similar or greater than today. The first significant fishery for thresher sharks
began the late 1970s to early 1980s when drift gill net fishers began to target them
close to the southern California coastline. The fishery expanded rapidly and, because
of overfishing concerns, the California Department of Fish and Game (Department) as
mandated by the State Legislature began an observer program, monitored landings and
implemented a logbook program. A limited entry permit program for drift gill net gear
was initiated in 1982, with permits issued to fishers rather than boats to prevent false
inflation in value. The drift gill net fishery for thresher sharks peaked in 1981 when 113
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drift gill net boats landed nearly 600 tons (544 metric tons). However, total landings
using all gears were highest the following year with a total of more than 1700 tons (1542
metric tons) taken by all gears (Figure 4-1).
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Figure 4-1. Thresher shark commercial landings, 1977-2008. Data source: Department Catch Bulletins
(1977-1985) and CFIS data (1986-2008), all gear types combined. Data not available prior to 1977.

By the late 1980s, research monitoring of the commercial landings indicated that
entire size classes were no longer being caught. Legislation was enacted establishing a
series of time/area closures for the gill net fishery in order to protect the shark resource.
The obijective of these closures were threefold: 1) to protect large females who moved
into the Southern California Bight (SCB) during their pupping season; 2) to prevent
interactions with marine mammals, sea turtles and sea birds; and 3) to prevent conflicts
with harpoon fisheries. Several revisions to the gill net time and area closures resulted
in the fishery being completely closed between February 1 and April 30 and closed
within 75 miles (121 kilometers) of the coast from May 1 to August 14 (FGC §8576).

In the early 1980s, drift gill net vessels switched to swordfish as their primary
target species. Thresher sharks, along with shortfin mako sharks, were targeted
secondarily and landings of threshers began to decline (Figure 4-1). In 1990, a
California voter referendum banned gill nets in state waters (within 3 nautical miles; 5.6
kilometers) of shore south of Point Arguello (Santa Barbara County)] in southern
California (FGC§8610.2). In 2001, a federal gill net closure was enacted to protect
leatherback sea turtles from Point Conception to central Oregon from August 15 through
October 31. In addition, during EI Nifio conditions, the area south of Point Conception is
closed to drift gill net fishing August 15 through August 31 and in January to protect
loggerhead turtles. These closures have further reduced thresher shark landings, with
landings totaling less than 200 short tons (181 metric tons) each year since 2004
(Figure 4-1). At present, the only requirement for purchasing a drift gill net permit is
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possession of one for the preceding season; there is no landing requirement. Currently,
there are 83 drift gill net permittees; however, only about half of those are actively
fishing.

Thresher sharks are also taken by other commercial gears including hook and
line, small mesh gill nets and harpoon. Small mesh gill nets include set nets targeting
California halibut and drift nets targeting barracuda and white seabass. Small mesh
drift gill nets [mesh 8 inches (20 centimeters) or smaller] targeting white seabass and
barracuda are not required to have a drift gill net permit, however state regulations limit
possession to no more than two thresher sharks along with ten barracuda or five white
seabass, while federal regulations have a limit of ten highly migratory species (HMS)
excepting swordfish (HMS includes albacore, bigeye, bluefin, skipjack and yellowfin
tunas; common, big eye and pelagic thresher sharks; shortfin mako shark; blue shark;
striped marlin; swordfish; and dorado). In 1996, a state ban on landing detached shark
fins became effective for all commercial fishing gears (FGC §7704). Because of their
size, threshers are the only exception to this rule; however, the fins must match a
corresponding carcass on the vessel.

Thresher sharks have long been a desired species for recreational anglers and
are considered a prized fighting fish. California recreational regulations impose a two
fish bag limit on thresher sharks. This is cumulative for multi-day trips and most anglers
seldom fill bag limits. Boat limits are in effect for multiple anglers per boat; with no more
than the bag limit for each of the number of licensed anglers per boat. Again, these
limits are seldom filled. If filleted at sea, a one inch patch of skin must be left on the
fillets. In recent years, interest in thresher shark has increased as other recreational
species become more heavily regulated, and some fishing areas are closed to protect
other fish species. Many shark anglers practice a catch and release ethic. However,
the survival of these released fish, often caught using a species specific tactic of tail
hooking, may be much lower than previously thought. Research is currently underway
to determine specific survival rates of tail hooked sharks.

There are two different recreational sampling programs: the Marine Recreational
Fisheries Statistical Survey (MRFSS) which sampled from 1980 to 2003 and the
California Recreational Fisheries Survey (CRFS) which was initiated by the Department
in 2004. Due to changes in the sampling protocol and how the data are used to
estimate catch these two surveys are not comparable. The recreational catch of
thresher shark, all species combined, from 1980-2003 has been variable; ranging from
a high of 4829 fish in 1987 to 461 fish in 1997 (Figure 4-2). This trend has continued
during the 2004-2008 period, ranging from 306 fish in 2005 to 4554 fish in 2004
according to CRFS data (Figure 4-3). Recreational thresher shark catches are highest
May through August, for both kept and released fish. Most recreational thresher shark
catch occurs in the private/rental boat mode [90 percent for the years 1980-2003
(MRFSS data); 84 percent for the years 2004-2008 (CRFS data)] (Figure 4-4). In 58
percent (14/21) of the sampling years between 1980 and 2003, the estimated number of
threshers released alive have been greater or equivalent to those kept. Since 2004,
estimates of the metric tonnage of fish released alive have been available; in four of the
five sampling years the estimated tonnage of those fish released has also been greater

Status of the Fisheries Report 2008 4-3



or equivalent. Threshers are often taken incidentally while anglers are targeting other
species. Those taken in northern California were all incidental to salmon or halibut
recreational fishing trips, while in southern California, 69 percent were caught on trips
targeting threshers and the rest were caught incidentally on halibut, yellowtail and
barred sand bass trips. Commercial passenger fishing vessel (CPFV) logs indicate that
the take of thresher sharks aboard their vessels is much less than that taken by anglers
fishing from private boats. For the last fifteen years, the take of thresher sharks by
CPFV averaged about 40 fish a year with a high of 163 fish during the EI Nifio of 1993.
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Figure 4-2. Thresher shark recreational catch, 1980-2003. Data source: MRFSS data, all fishing modes
and gear types combined. Data not available from 1990-1992. CPFV data not available for central and
northern California for 1993-1995.
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Figure 4-3. Thresher shark recreational catch, 2004-2008. Data source: CRFS data, all fishing modes

and gear types combined.
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Figure 4-4. Thresher shark recreational catch by fishing mode, 1980-2008. Data source: MRFSS data
(1980-2003) and CRFS data (2004-2008), all gear types combined. Data not available from 1990-1992,
CPFV data not available for central and northern California for 1993-1995.
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Status of Biological Knowledge

Thresher sharks are large pelagic sharks whose most defining characteristic is
the enormous upper lobe of the tail, which can be up to half their total length, and is
used to stun their prey. Common thresher sharks are dark brown to dark grey dorsally,
fading to tan to gold on the sides, and a distinct demarcation to white on the belly. They
can be differentiated from two other thresher sharks that occur in California (the bigeye
thresher and the pelagic thresher) by the white belly markings extending over the top of
the large pectoral fins and a slight bronzy-green iridescence to the skin, which leads
markets to sometimes record the species on fish receipts as “green thresher” (as
opposed to “brown thresher,” which refers to bigeye). Some also have small white
spots on the tips of the pectoral and pelvic fins.

Common thresher sharks have a worldwide distribution in temperate seas and
are found in the Mediterranean Sea and the Atlantic, Pacific and Indian Oceans. They
tend to be most common over continental shelves, preferring areas of high productivity
where concentrations of the small schooling organisms that make up most of their diet
are found. Young threshers tend to remain within 3 miles (5 kilometers) of the coast in
their early years and as they grow larger, range much farther offshore. Migratory
patterns inferred by seasonal catches seem to indicate that adult threshers move north
from Baja California in the spring, into the SCB, where “pupping” is thought to occur.
The adults then continue north as far as Oregon and Washington by late summer,
followed by subadults later in the season. Subadults are known to migrate south again
in the wintertime, but it is not known what route is taken south by large adults. The
National Marine Fisheries Service-Southwest Fisheries Science Center (NMFS-
SWFSC), in cooperation with the Tagging of Pacific Predators program has been
conducting a tagging study annually since 2003 using satellite tags on large threshers
caught during its annual survey of thresher shark pup abundance. Adults and subadults
tagged with conventional and pop off satellite tags have shown a preference for coastal
waters, but occasionally venture into offshore waters to depths of more than 1600 feet
(500 meters) or greater. Nine of eleven satellite tags deployed during the last 2 years
popped up in the SCB within 6 to 8 months.

Thresher shark size at birth has been estimated to be 62 inches (158
centimeters) total length, and can reach a maximum size of 250 inches (636
centimeters) for females and 194 inches (493 centimeters) for males. Recently
published work estimates both sexes to reach sexual maturity at an age of 5 years and
a length of 119 inches (303 centimeters). The oldest thresher reported was 50 years
old.

Thresher sharks feed mostly on small schooling pelagic organisms. A recent
study of stomachs from threshers taken in the California drift gill net fishery found that
they consumed food from 20 different taxa; including anchovies, Pacific whiting, Pacific
mackerel, Pacific sardine, squid and pelagic red crabs. Pacific whiting were the most
common food item for thresher sharks caught north of Point Conception, while
anchovies were the most common for thresher sharks caught south of Point
Conception, especially for juveniles. They are thought to use their large upper lobe of
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the caudal fin to stun their prey before eating it; this is corroborated by the fact that most
threshers caught by conventional hook and line gear are snagged by the tail.

Like other large pelagic sharks, common threshers have been shown to be warm
blooded. Thresher sharks caught by long line and by rod and reel were shown to have
elevated temperatures in their aerobic swimming musculature, as much as 3 degrees
higher than surrounding sea surface temperatures. They are also obligate ram
ventilators, meaning that they require forward motion to keep oxygenated water flowing
over their gills. They do not survive well on fishing gear which restricts their movement
or drags them backwards through the water. The NMFS-SWFSC and the Pfleger
Institute of Environmental Research are currently collaborating on research studying
thresher shark mortality when taken on conventional hook and line gear using satellite
tagging methods. Alternative gears, which have a higher probability of hooking the
shark in mouth rather than the tail, are also being studied.

Threshers are ovoviviparous, with gestation period of about 9 months. Eggs are
retained in the uterus, where they hatch; the newly-hatched fetuses are oophagous,
meaning they feed on excess intrauterine eggs prior to birth. The mother shark then
gives live birth to a litter of two to four pups, although in some areas the number may be
as high as seven. In the eastern Pacific, the SCB is thought to be a nursery area for
thresher sharks. Observers sampling adult females taken in the commercial fishery in
early spring found all to be pregnant. The pupping season takes place from April to
June, and mating season is thought to follow in late summer to fall. In 2003, the NMFS-
SWFSC began investigating the range of thresher shark pup distribution along the coast
of southern California, in an attempt to clarify borders of nursery areas and establish an
index of juvenile thresher shark abundance. While it is still too early in the study to
establish trends in abundance, the juvenile thresher’s patchy distribution makes
identifying the nursery areas difficult even though they have been shown to prefer
nearshore waters at depths 0 to 150 feet (0 to 46 meters) and nearly all were caught in
depths less than 295 feet (90 meters).

The Pacific Fisheries Management Council (PFMC) has identified priority
research needs for additional life history information for HMS included in the Highly
Migratory Species Fishery Management Plan (HMS FMP). For thresher shark, the
research priorities are: 1) identify stock structure and boundaries of the populations,
and where they interact with other populations, the seasonal migration patterns for
feeding and reproduction and life stages vulnerable to fisheries; 2) determine ages and
growth rates, including comparisons to other areas; and 3) determine maturity and
reproductive schedules.

Status of Population

Stock assessments for all HMS sharks, including thresher, are also needed but
are problematic; fisheries data for sharks are often collected in a manner not suited for
use in assessments. Regional Fishery Management Organizations have tended to
make tunas and billfish the priority while sharks, even though they are more vulnerable
to overfishing because of their slow growth and low reproductive rates, have not
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received the same attention. This is primarily because of their status as bycatch in
other fisheries or that data on sharks are often not separated by species, but lumped
together in one market category. Even in California, thresher sharks were not identified
by species until 1977. In addition, significant catches of thresher sharks occur in
Mexico, and as for all shark fisheries, sample data are scarce and incomplete.

Preliminary assessment analyses indicated west coast drift gill net fishery catch
and catch-per-unit-effort were increasing from the lows of the early 1990s; from this it
was inferred that the population was recovering. The most recent assessment of
thresher shark in 2002 indicated that thresher shark is no longer overfished and recent
average landings are about 75 percent of maximum sustainable yield. However the
PFMC has recommended that a new stock assessment be a priority.

Management Considerations

The HMS FMP became effective in February 2005, putting thresher shark under
federal management, although California regulations were used as a model for most
HMS species. The HMS FMP establishes a biennial management cycle, in which
measures to be implemented are introduced in June and, if approved, implemented the
following April. For thresher sharks, a harvest guideline of 375 short tons (340 metric
tons) was established for total commercial and recreational catch.

In June 2008, recommendations were made by the PFMC’s HMS Management
Team to limit the recreational take of common thresher sharks. Recreational catch had
been increasing, due to the recreational public becoming more educated on how to
target them, and increasing use of internet websites to disseminate information on
fishing areas and thresher shark occurrence. Concerns were raised because much of
this catch was occurring during the spring thresher shark pupping season, and many of
the fish caught appeared to be pregnant females. Additionally, although many thresher
shark anglers advocate catch and release fishing methods, a preliminary study
indicated that thresher sharks caught by tail hooking had poor survival rates when
released. When added to commercial landings, recreational catches were thought to be
approaching the harvest guideline. Prior to PFMC decision making, a series of
seminars were conducted to educate anglers on best ways to catch and release
thresher sharks. Alternatives proposed included closing the recreational fishery for the
same period as the commercial fishery, changing bag limits to one shark per day
(thresher only or all HMS sharks), seasonal bag limits using harvest cards or gear
modifications.

On further examination of the recent CRFS data, estimates of recreational
thresher shark catches were found not to be causing cumulative landings to exceed the
harvest guideline (Figure 4-5). Further, an analysis of bag limits showed that few
anglers caught limits and a change in the bag limit would likely have little effect on
recreational catch. The PFMC decided not to make changes to thresher shark
regulations for the 2009-2010 management cycle, but did make a number of
recommendations including: 1) continuing outreach to anglers regarding best practices
to increase survival of released animals; 2) improving data collection on thresher sharks
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(especially for private access marinas, and in commercial hook and line and non HMS
fisheries); 3) initiating a new stock assessment that incorporates data from Mexico; 4)
improving estimates of the number and condition of released fish; 5) investigating
further the use of recreational gear modifications to increase survival; and 6) identifying
thresher shark nursery areas. CRFS is currently conducting a study involving panels of
anglers based in private marinas, and funding for proposals to carry out the other
recommendations is currently being pursued from the Marine Recreational Information
Program and the California Ocean Protection Council.
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Figure 4-5. Thresher shark landings compared to the harvest guideline (HG), 2000-2008. Commercial
drift gill net includes both large mesh offshore drift gill nets targeting swordfish and small mesh drift gill
nets targeting white seabass and barracuda. The HG for commercial and recreational fisheries
(combined) is 375 short tons (340 metric tons). Data source: Commercial - CFIS data (2000-2008);
Recreational - MRFSS (2000-2003) and CRFS (2004-2008), all fishing modes and gear types combined.

Leeanne Laughlin
California Department of Fish and Game
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Thresher shark commercial landings, 1977-2008.

Year Short tons Year Short tons Year Short tons
1977 94 1988 389 1999 238
1978 219 1989 471 2000 236
1979 533 1990 335 2001 338
1980 1,309 1991 550 2002 283
1981 1,431 1992 286 2003 283
1982 1,738 1993 258 2004 108
1983 1,252 1994 310 2005 168
1984 1,203 1995 248 2006 150
1985 1,117 1996 294 2007 191
1986 440 1997 298 2008 138
1987 381 1998 333

Data source: Department Catch Bulletins (1977-1985) and CFIS data (1986-2008), all gear types
combined. Data not available prior to 1977.

Status of the Fisheries Report 2008 4-10



Thresher shark recreational catch (number of fish) by fishing mode, 1980-2003.

Percent

Shore Private/ Total of all private/
Year modes CPFV rental modes rental
1980 406 607 0 1013 0%

1982 0 0 2205 2205 100%

1984 0 0 769 769 100%

1986 0 0 1359 1359 100%

1988 0 554 872 1426 61%

1990 - - - - -

1992 - - - - -

1994 0 0 3600 3600 100%

1996 0 0 703 703 100%

1998 254 0 576 829 69%

2000 656 0 1685 2341 72%

2002 0 0 1644 1644 100%

Average 0
1980-2003 113 72 1575 1760 90%

Data source: MRFSS data, all gear types combined. Data not available from 1990-1992. CPFV data not
available for central and northern California for 1993-1995.
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Thresher shark recreational catch by fishing mode, 2004-2008.

Percent

Shore Private/ Total of all private/
Year modes CPFV rental modes rental
2004 0 36 4518 4554 99%
2005 0 0 306 306 100%
2006 797 0 516 1313 39%
2007 0 45 731 776 94%
2008 410 0 708 1118 63%
ouerogs 241 16 1356 1613 84%

Data source: CRFS data, all gear types combined.

Thresher shark commercial and recreational catch (short tons), 2000-2008,
compared to the 375 short ton (340 metric ton) harvest guideline (HG).
Commer_cial Commercial Recreational Total
DGN (all sizes) Other Gears (all modes)

Percent Percent Percent Percent

Year Tons HG Tons HG Tons HG Tons HG
2000 146.2  39.0% 89.7 23.9% 15.0 4.0% 250.9 66.9%
2001 2564  68.4% 81.6 21.8% 22.7 6.1% 360.8 96.2%
2002 203.3 54.2% 79.4 21.2% 35 0.9% 286.2 76.3%
2003 2269 60.5% 55.8 14.9% 30.2 8.1% 312.8 83.4%
2004 63.4 16.9% 44.5 11.9% 3.6 1.0% 111.6 29.7%
2005 1458 38.9% 21.7 5.8% 12.8 3.4% 180.3 48.1%
2006 925 24.7% 57.3 15.3% 25.0 6.7% 174.8 46.6%
2007 156.8 41.8% 34.4 9.2% 57.1 15.2% 248.3 66.2%
2008 1005 26.8% 37.7 10.1% 39.2 10.5% 177.4 47.3%
onggfgggs 154.6  412% | 558  14.9% | 243 6.5% | 2347  62.6%

Data sources: Commercial - CFIS data (2000-2008). Recreational - MRFSS data (2000-2003) and
CFRS data (2004-2008), all fishing modes and gear types combined.
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5 Skates and Rays

Longnose skate, Raja rhina. Photo credit: Pacific States
Marine Fisheries Commission.

History of the Fishery

In California, the earliest fishers for cartilaginous fishes were indigenous people
living along the coast. Chinese immigrants fished for assorted coastal rays and sharks
in the mid 1800s, mostly in and around San Francisco Bay. Until the mid 1930s, most
skates and rays were discarded except in Asian communities where they were
consumed.

Skates and rays have not historically been targeted in commercial fisheries, but
have primarily been taken incidentally by trawlers in northern and central California. Of
the species identified in commercial landings, the most common species are the big
skate, Raja binoculata, California skate, Raja inornata, shovelnose guitarfish,
Rhinobatos productus, and bat ray, Myliobatis californica. This does not reflect actual
species composition, however, because the majority of landings are reported as
“‘unspecified skate” or “stingray”.

In the past, the primary market has been for just the pectoral fins or “wings” of
skates, with only a small portion of skate and ray landings marketed whole. Currently,
skates are marketed both whole and as wings. Wings are sold largely in Asian markets
as fresh or fresh-frozen, dried, or dehydrated and salted. The carcasses are usually
discarded at sea or sometimes sold as bait for trap fisheries. Skates also have been
processed for fishmeal, but these ventures failed for economic reasons. Reportedly,
rounds punched from skinned wings have been used as an inexpensive substitute for
scallops in seafood restaurants and markets.

In the early years of the fishery the majority of skate landings came through
central California (Monterey and San Francisco) which accounted for 41 to 100 percent
of the annual landings from 1948 through 1989 (72 percent average). Since 1975, the
northern California ports (Eureka, Crescent City and Fort Bragg) have become
progressively more important for skate landings. In 1995 northern California landings
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increased dramatically, and has since accounted for 72 to 93 percent of the total
landings. Total landings from ports south of Monterey have continued to be relatively
insignificant.

Skate landings from 1916 to 1990, which ranged from 50,419 pounds (23 metric
tons) in 1944 to 631,420 pounds (286 metric tons) in 1981, comprised 2 to 90 percent of
the total elasmobranch landings with an average of 11.8 percent. Rays, which were not
identified separately until 1978, were likely included with skate landings prior to 1978.
Similar to the shark fishery, skate landings have fluctuated widely throughout the history
of the fishery. While a shift to the shark fishery in 1938 resulted in a decrease in skate
landings, the variations in catch roughly followed general economic conditions, though
oceanographic conditions may also have had a role. Skate landings increased
significantly in the mid 1990s. During this period, skate and ray landings increased over
ten-fold in California from about 106,163 pounds (48 metric tons) in 1994 to 1,433,211
pounds (650 metric tons) in 1999, with a peak of 3,003,177 pounds (1362 metric tons)
in 1997 (Figures 5-1 and 5-2). Landings fell sharply in 2002, corresponding with
reduced demand in Asian markets. Over the past seven years, skate and ray landings
have averaged about 284,000 pounds (129 metric tons).

The statewide economic value of skate and ray fisheries has been historically
small compared to other fisheries. The average annual ex-vessel price for skates and
rays ranged from $0.01 to $0.02 per pound ($0.02 to $0.04 per kilogram) from 1958 to
1969. Skate average prices rose from $0.09 per pound in the 1970s to $0.27 per pound
in the 1990s ($0.20 to $0.60 per kilogram). From 2000 to 2008, prices averaged $0.33
per pound and reached as high as $10 per pound ($0.73 to $22 per kilogram). The
price of rays has fluctuated considerably compared to skates. From the 1970s to
1980s, the average price per pound rose from $0.07 to $1.82 ($0.15 to $4.00 per
kilogram), and then dropped to $0.74 in the 1990s ($1.63 per kilogram). Between 2000
and 2008, the average price was $0.68 per pound ($1.50 per kilogram) with a maximum
of $50 per pound ($110 per kilogram). The ex-vessel value of skates and rays peaked
in 1997 at approximately $525,000, and decreased to $112,000 in 2008. It should be
noted that the high price per pound (over $3.00 per pound; $6.61 per kilogram) is for
rays sold for research, usually electric rays, and represents less than 0.23 percent of
the total landings. The ex-vessel price of skates and rays sold for food is much lower.
The apparent increase in skate landings in the 1990s may be attributed to increased
landings of previously discarded catch. When the commercial groundfish fishery was
divided into limited entry and open access components in 1994, new quotas and
regulations were required. The significant reduction of groundfish quotas for both
components created more space in boat’s holds to retain non-quota species. Trawl
vessels were able to supplement groundfish landings with skate and ray bycatch. It is
uncertain whether the effort to utilize the skate and ray resource has increased or if
previously discarded catch is simply being retained and landed.

In 2009 new regulations require that longnose skate be sorted from other species
upon landing (Title 14, CCR, §189). Previously, skate market categories were limited to
only big skate and California skate, though these and other skate and ray species were
mostly lumped into the “unspecified skate" market category in the absence of sorting

Status of the Fisheries Report 2008 5-2



requirements. Under federal regulations, skates had been part of the “other fish”
species complex because they had not been thoroughly studied nor received a stock
assessment. Longnose skate has been removed from the “other species” complex and
assigned species-specific allowable biological catch values for the 2009 and 2010
management cycle. State commercial fishery samplers began sampling the species
composition of commercial skate landings in 2009. Current regulations also require all
skates be landed whole (FGC §5508, 8042). The possession of skate wings aboard a
vessel is prohibited as there are no equivalents or conversion factors established.
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Figure 5-1. Skate commercial landings (all species combined), 1916-2008. Data source: Department
catch bulletins (1916-1986) and CFIS data (1987-2008), all gear types combined.
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Figure 5-2. Ray commercial landings (all species combined), 1978-2008. Data source: CFIS data, all

gear types combined. Data not available prior to 1978.

The recreational fishery for skate and rays is relatively meager. A few of the

shallow nearshore species are targeted by small recreational fisheries. Rays dominate

the catch (Figures 5-3 and 5-4); the most common species are bat rays, shovelnose
guitarfish and thornbacks, Platyrhinoidis triseriata.
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Figure 5-3. Skate and ray recreational catch (all species combined), 1980-2003. Source: MRFSS data,
all fishing modes and gear types combined. Data not available from 1990-1992. CPFV data not available

for central and northern California for 1993-1995.
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Figure 5-4. Skate and ray recreational catch (all species combined), 2004-2008. Source: CRFS data, all

fishing modes and gear types combined.
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Status of Biological Knowledge

The skates and rays, also known as batoids, are the largest group of
elasmobranchs, comprising about 55 percent of the living cartilaginous fishes. They are
often considered flattened sharks, adapted to a benthic lifestyle. Their pectoral fins
expand forward and are fused to the head, forming a wide flat disc with five pairs of gill
openings completely on the underside. The eyes and spiracles are positioned on the
top of the head allowing them to see and respire while partially buried. The mouth is
located on the ventral side, an adaptation for feeding on benthic prey. Their dorsal
coloration is usually a shade of gray, brown or olive, which may camouflage them with
sandy or muddy bottoms.

Batoids are found from the tropics to polar regions in all marine habitats, in
shallow bays and estuaries to the open ocean to the deep continental slope in depths
over 9500 feet (2895 meters) as well as in some freshwater habitats. Some species are
fairly common in California waters; others are known only from a few specimens or are
seasonal visitors that appear only during warm summer months or El Nifio events. Like
most elasmobranchs, the batoids typically have a life history strategy described by a
slow growth rate, late onset of sexual maturity and few offspring. Populations with
these characteristics are more vulnerable to overfishing.

Like sharks, all batoids have internal fertilization, which occurs in one of two
reproductive modes. The skates are oviparous (egg layers), with fertilized eggs
protected inside leathery rectangular egg cases that are deposited on the sea floor.
Developing embryos are nourished through the attached egg yolk and hatch when it is
depleted. Empty egg cases, often called “mermaid’s purses”, sometimes wash ashore
and are found by beachgoers. The remaining batoids are all ovoviviparous. Embryos
develop within the female, initially relying on an egg yolk for nutrients. After the
nutrients have been consumed, embryos ingest or absorb an energy rich histotroph or
“uterine milk” produced by the mother. In stingrays, this milk is secreted through hair
like filaments called trophonemata. The gestation period for batoids varies widely
among species, ranging from 2 months up to 3.5 years. Upon hatching, newborn
batoids look like miniature adults.

Most batoids are generalized benthic predators, feeding on a wide variety of
worms, mollusks, crustaceans, other invertebrates and fishes. They also employ a
broad range of feeding strategies. Electric rays can shock large fishes and swallow
them whole. Eagle rays can excavate hard shelled bivalves and use their plate-like
teeth to crush them, whereas mantas, the largest of the batoids, filter tiny plankton. In
turn, predators of batoids include marine mammals, sharks and other large fishes. For
defense, some species have a sharp stinging spine in the tail whereas others have
sandpapery denticles or enlarged thorns on the back and tail for protection. Currently,
22 species of skates and rays are known from California waters.
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The Skates
Families Rajidae and Arhynchobatidae

The skates are the largest and most diverse
group of the batoids, representing more than one-
fourth of all living cartilaginous fishes worldwide.
Eleven species in three genera are currently known
from California waters. The three commercially
important skates in California are the big skate,
California skate and longnose skate.

Skates are characterized by a greatly
flattened rhomboid-shaped disc. They often have
rows of thorns or denticles on the back and tail,
but they do not have stinging spines. There are
two small dorsal fins near the end of the slender tail, and the caudal fin is generally
weak or absent. They have paired electric organs on either side of the tail that emit
weak electric signals. The exact role of these organs is unknown, but they may function
in communicating with conspecifics, perhaps for recognizing mates or demonstrating
aggression. Adult skates display sexual dimorphism, with males developing bell-
shaped discs and rows of hooked thorns along the front and lateral edges (malar and
alar thorns) of the disc for copulation. Skates occur worldwide from depths close
inshore to nearly 9850 feet (3000 meters).

Figure 7-4. Longnose skate, Raja rhina.
Photo credit: Diane Haas.

Big skate

The big skate has a stout, stiff elongated snout, typical of other hardnose skates
(Rajidae). It has a diamond shaped disc, weakly notched pelvic fins, and a pair of
prominent eyespots on the dorsal surface. Found from the eastern Bering Sea to
southern Baja California, it inhabits shallow bays to 2624 feet (800 meters) deep,
though it is more common at moderate depths. Big skates have the largest egg cases
of any California’s skate species, and are the only species to routinely have more than 1
embryo (up to 7) per egg case. They are also the largest skate found in California,
growing up to 8 feet (2.4 meters) in length, though they are uncommon over 6 feet (1.8
meters). Maturity in females occurs at a length of 4.3 feet (1.3 meters) and 12 years;
males mature at 3.6 feet (1.1 meters) around 10 to 11 years. They feed on polychaete
worms, mollusks, crustaceans and benthic fishes. Predators include sevengill sharks
and northern elephant seals.

California skate

The California skate has a moderately long, acutely pointed snout and an olive-
brown dorsal surface covered with small scattered prickles. It occurs from Washington
to southern Baja California. It is a common nearshore species that usually occurs on
soft bottoms at depths less than 60 feet (18 meters), but has been reported from 5248
feet (1600 meters) deep. Females grow to about 30 inches (76 centimeters) in length
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and mature at about 20 inches (52 centimeters); males are slightly smaller. California
skates feed on small benthic invertebrates.

Longnose skate

The longnose skate is recognized by its extremely long pointy snout. It ranges
from the eastern Bering Sea to southern Baja California. It is found from nearshore to
depths over 3500 feet (1069 meters), usually over mud-cobble bottoms near areas with
vertical relief. Females reach a length of about 71 inches (180 centimeters), while
males reach about 41 inches (105 centimeters). Maturity occurs at 28 to 39 inches (70
to 100 centimeters) and 10 to 12 years in females; males mature around 24 to 29
inches (62 to 74 centimeters) and 10 to 11 years. Longnose skates over 24 inches (60
centimeters) in length feed mostly on bony fishes while smaller skates feed more on
crustaceans.

Other hardnose skate species include the Pacific starry skate, Raja stellulata, a
common nearshore skate covered with small star-shaped prickles, and the broad skate,
Amblyraja badia, a rare deepwater species found from 2775 to 7616 feet (846 to 2322
meters). The remaining species found in California are the softnose skates
(Arhynchobatidae), which are distinguished by a short flexible snout and usually live in
deeper waters. These include the Aleutian skate, Bathyraja aleutica, fine-spined skate,
B. microtrachys, and roughtail skate, B. trachura. The sandpaper skate, B. interrupta,
named for its prickly, sandpaper-like dorsal surface, is sometimes known as B. kincaidii
as it may be a distinct species from the northern Pacific form, but this needs further
study. The rare Pacific white skate, B. spinosissima, and deepsea skate, B. abyssicola,
are some of the deepest living of all skate species, found to 9695 feet (2938 meters)
and 9528 feet (2904 meters), respectively.

The Guitarfishes and Thornbacks
Families Rhinobatidae and Platyrhinidae

Guitarfishes, named for their
similarity in shape to the musical
instrument, are easily distinguished from
other rays by a flattened, wedge-shaped

disc, thick tail, and prominent dorsal fins. Figure 5-5. Thornback, Platyrhinoidis triseriata.
Thornbacks share this general shape, but  Photo credit: Edgar Roberts.

have a more rounded snout (Figure 5-5).

Guitarfishes and thornbacks are usually found inshore on or near the bottom in warm-
temperate to tropical regions. They are bottom feeders and have rows of small, pebble-
like teeth used to prey mainly on invertebrates and small fishes. Three species are
found in California waters.
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Shovelnose quitarfish

The shovelnose guitarfish has a long pointed snout and a spade-shaped disc that
is longer than wide. The dorsal surface is smooth except for a row of thorns extending
along the back and tail, and coloration is olive to sandy brown. It ranges from San
Francisco south to the Gulf of California, but is rare north of Monterey. This ray is
generally a shallow water species found to 43 feet (13 meters) but occurs to depths of
298 feet (91 meters). It is found in shallow coastal waters, bays, sloughs and estuaries;
these areas are important for mating and serve as nursery grounds. Shovelnose
guitarfish are nomadic, gregarious and often abundant. During the summer pupping
season prior to mating, females may outnumber males by as much as 53 to 1. After
about a one year gestation, pups 6 to 9 inches (15 to 23 centimeters) long are born,
with up to 28 pups per litter. Adult females reach about 5 feet (1.5 meters) in length and
weigh around 40 pounds (18 kilograms) while males are smaller. Both sexes mature at
around 3 feet (1 meter) in length in southern California, although females mature at 7
years and live to at least 16 years while males mature at 8 years and live to at least 11
years. Shovelnose guitarfish will partially bury themselves in sand or mud but have
been observed in sea grass beds. They feed on a variety of crabs, worms, clams and
fishes.

Banded quitarfish

The banded guitarfish, Zapterx exasperata, has a more rounded disc that is
about equal in length and width. Its prickled dorsal surface has a single row of thorns
along the back, and its coloration is sandy brown to dark gray with black bars. It
reaches about 3 feet (1 meter) in length. Though found to depths of 656 feet (200
meters), it usually inhabits tidepools to 70 feet (21 meters) in rocky reef areas. It ranges
from central California to the Gulf of California, but occurs rarely in California.

Thornback

The thornback has a heart-shaped disc and three parallel rows of large hooked
thorns that extend along the back and down the narrow tail. The dorsal surface is olive
to gray brown in color. Adults reach 36 inches (91 centimeters) in length. They are
found from Tomales Bay to the Gulf of California, but are uncommon north of Monterey
Bay. These rays are usually common inshore in waters shallower than 20 feet (6
meters) but have been found to 449 feet (137 meters). They inhabit mud and sand
bottoms in bays, sloughs, coastal beaches and around kelp forests. Females mature at
19 inches (48 centimeters); males mature at 15 inches (37 centimeters). Newborn
thornbacks are just over 4 inches (11 centimeters) long, born in litters of up to 15 pups.
Thornbacks feed on benthic invertebrates and small fishes, and they are eaten by white
sharks and Northern elephant seals.
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The Electric Rays
Family Torpedinidae

Electric rays, also called torpedo rays, are
characterized by their smooth flabby appearance
with an enlarged sub-circular disc, short stout tail
and large caudal fin (Figure 5-6). Their most
noteworthy characteristic is the pair of specialized
kidney-shaped electric organs in the disc, composed  Figure 5-6. Pacific electric ray,
of modified muscle cells that are capable of Torpedo californica. Photo credit:
producing a powerful electric shock. Electric rays Daniel W. Gotshall.
are found worldwide in temperate to tropical regions,
usually in shallow waters but recorded to over 3500 feet (1071 meters). Prey items
include crustaceans, cephalopods, worms and fishes. Solitary and nomadic, electric
rays are sometimes seen floating effortlessly in the water column. Only one species is
known from California waters.

Pacific electric ray

The Pacific electric ray, Torpedo californica, is bluish gray in color dorsally, often
with irregular black spots, and whitish below. It ranges from northern British Columbia,
Canada to central Baja California, Mexico. It occurs on sandy bottoms, rocky reefs and
near kelp beds usually at 10 to 100 feet (3 to 30 meters), although one has been
observed swimming in the water column at 33 feet (10 meters) over waters 9840 feet
(3000 meters) deep. Females reach a length of over 60 inches (137 centimeters), while
males reach 36 inches (92 centimeters). Maturity in females occurs at a length of 29
inches (73 centimeters) and 9 years; males mature at 26 inches (65 centimeters) two
years earlier. Maximum age is at least 16 years but possibly 24 years. Reproduction
may occur biennially in females, with pups 7-9 inches (18-23 centimeters) long born in
litters of 17 to 20 pups. Pacific electric rays employ two feeding strategies to capture
mainly fish but also invertebrate prey. During the day they are ambush predators, lying
partially buried in the sand until immobilizing prey with electric discharges. At night orin
low visibility they actively forage in the water column. They can envelope and
manipulate prey items towards their mouths with their highly dexterous pectoral fins.

Pacific electric rays can discharge an electric shock of 45 volts or more, so care
should be taken when encountering them. The shock is unlikely fatal to humans,
however it is strong enough to knock down an adult. Extremely active at night, they will
sometimes act aggressively if approached by divers and swim directly at them.

The Stingrays
Families Urolophidae, Myliobatidae, Dasyatidae, Gymnuridae, and Mobulidae

Stingrays, named for the stinging spine in the tail, are most frequently found in
warm temperate and tropical waters. In California, some species are relatively common
while others only occasionally appear during periods of unusually warm water. They
exhibit a remarkable size range from a maximum disc width (wingtip to wingtip) of about
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8 inches (20 centimeters) in some stingrays to over 20 feet (6 meters) in the manta ray.
They feed on a variety of invertebrates and fishes.

Bat ray

The bat ray, Myliobatis californica, is a
heavy bodied eagle ray with a distinct thick
head and long whip-like tail (Figure 5-7). It
ranges from northern Oregon to the Gulf of
California usually in waters less than 164 feet
(50 meters) deep. Seasonally abundant from
spring to fall, bat rays are commonly found
over mud and sand in bays and sloughs,
which are important feeding and nursery -
grounds. They are also common around e :
rocky reefs and kelp forests. Gestation lasts  rjgyre 5.7. Bat ray, Myliobatis californica.

9 to 12 months, and pups are 8-12 inches Photo credit: Daniel W. Gotshall.

(20-31 centimeters) in disc width at birth.

Litter size increases from 2 pups in smaller females up to 12 in larger individuals.
Maturity in males occurs at a disc width around 24-26 inches (62-66 centimeters) and 2
to 3 years; females reach maturity at about 35-39 inches (88-100 centimeters) and 5
years. Females grow to larger sizes than males, reaching a maximum disc width of 6
feet (1.8 meters). Females also live much longer, to at least 24 years, while maximum
age in males is estimated to be 6 years.

Bat rays feed on a wide variety of benthic invertebrates including abalone, clams,
snails, shrimps, crabs, worms, sea cucumbers and brittle stars. They occasionally eat
small bony fishes. Divers can often see large pits in the sand left by excavating bat
rays. Preventive measures like fencing and trapping have been used to keep bat rays
from preying on oyster beds; however, studies have shown that crabs and not bat rays
are the culprits. In fact, keeping bat rays away from these areas may do more harm as
they are prevented from feeding on these detrimental crabs.

Round stingray

California’s most common stingray, the round stingray, Urobatis halleri, is small
with a nearly round disc. Its short stout tail has a well developed caudal fin and robust
serrated spine. Round stingrays are found from Humboldt Bay, California to Panama,
and are most abundant south of Point Conception. A benthic species, round stingrays
usually occur in shallow nearshore waters less than 50 feet (15 meters) deep, including
bays and sloughs, but have been reported to at least 298 feet (91 meters). They occur
on soft mud or sand bottom and are often found camouflaged in areas of abundant
eelgrass. Round stingrays segregate by age and sex as males and juveniles tend to
live in shallow habitats while adult females live in offshore waters deeper than 46 feet
(14 meters). During the spring and summer, adult females will move inshore to mate
and pup. Most females give birth each year to a litter of 1 to 6 pups after a short 3
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month gestation period. Both males and females reach maturity at a disc width of 6
inches (15 centimeters) and 6 years. Males reach a maximum disc width of 10 inches
(25 centimeters) and females about 12 inches (31 centimeters). Their diet changes as
they mature, with shifting preferences for polychaetes, crabs and bivalves.

Round stingrays are notorious for causing injuries to many beachgoers each
year. They congregate in large numbers just off beaches and will sting bathers if
stepped on. Although wounds are not fatal, they can be very painful; bathers can
usually avoid this danger by shuffling their feet. Attempts have been made to reduce
the number of injuries by removing the spines from captured round stingrays. This has
been met with limited success as round stingrays can replace their spines every year.

Diamond stingray

The diamond stingray, Dasyatis dipterura, and the pelagic stingray,
Pteroplatytrygon violacea, are members of the largest stingray family, the whiptail rays.
The diamond stingray is found in shallow waters to a depth of 230 feet (17 meters) over
mud and sand near rocky reefs and kelp forests. It ranges from southern California to
northern Chile and the Galapagos. Rare in California waters, it appears more frequently
and in greater numbers during periods of warm water. Its maximum reported size is 47
inches (120 centimeters) disc width.

Pelagic stingray

The pelagic stingray is an oceanic species, found from the upper surface to at
least 780 feet (238 meters) in depth over very deep water. This migratory stingray is
found worldwide in warm temperate and tropical regions, and has been recorded year
round in California waters though it is rare north of Monterey Bay. It reaches a
maximum disc width of 32 inches (80 centimeters), though stingrays in captivity may
grow to 38 inches (96 centimeters). Both the pelagic stingray and diamond stingray
have very long stinging spines that are potentially hazardous to humans.

California butterfly ray

The California butterfly ray, Gymnura marmorata, is found in warm temperate
and tropical waters along sandy beaches and in shallow lagoons. It ranges from
southern California to the Gulf of California and Peru. It is identified as the only
California ray with a very broad disc that is nearly twice as wide as long, reaching 48
inches (122 centimeters) in females.

Manta

The manta, Manta birostris, and the spinetail mobula, Mobula japanica, are both
found worldwide in warm temperate and tropical regions. These two members of the
devil ray family, distinguished by their broad pectoral wings and hornlike cephalic fins,
are occasionally found in southern California waters. They are usually seen at the
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surface swimming individually or in large groups. The manta is the largest known ray,
attaining a wing span of at least 22 feet (6.7 meters). The spinetail mobula is smaller,
reaching a maximum width of 10.1 feet (3.1 meters). Mantas and mobulas are the only
filter feeding batoids. They channel great quantities of water through specialized gill
plates and strain out planktonic crustaceans and small fishes.

Status of the Population

There is considerable uncertainty regarding current or past population levels of
California’s skates and rays. It is unknown how the dramatic increase in landings in the
mid 1990s affected the resource. Fishes that were previously discarded, both dead and
alive, are now retained and landed. Given the past and potential increase in landings,
skates and rays should be closely monitored. The life history of skates and rays is
usually described by slow growth, late onset of maturity and low fecundity when
compared to bony fishes. These characteristics leave most species vulnerable to
overfishing. Decreases in skate and ray landings have already been observed in other
regions. In the north Atlantic, fishing pressure has altered the abundance, distribution,
and population structure of several skate species and overfishing has apparently
occurred.

The first assessment for longnose skate populations off the U.S. west coast was
completed in 2008, and represents the only stock assessment for any batoid occurring
in California waters. Results of the assessment indicated that the biomass of the
longnose skate population has been gradually decreasing from its unfished level in
1915. The estimated 2007 spawning stock biomass was at about 66 percent of the
unfished stock level and was above the 25 percent overfishing threshold. The
population model suggested a generally low harvest rate for longnose skates. This is
expected given that longnose skates, along with other skate species, have not
historically supported a directed fishery along the U.S. west coast.

The effect of recreational fisheries on the skate and ray resource is relatively
unknown. Surveys of 55 shark derbies between 1951 and 1995 in Elkhorn Slough show
that shovelnose guitarfish, which were the second most caught elasmobranch in the
1950s and 1960s, nearly disappeared from the catch by the 1970s. Shovelnose
guitarfish declined to only about three percent of the catch by the 1990s, but coincided
with an increase in the occurrence and relative abundance of thornbacks. The relative
abundance of bat rays steadily increased over the years though the average number
caught per derby declined during the last two decades. It is likely that a combination of
fishing pressure, habitat alteration and oceanographic conditions influenced
elasmobranch abundance and distribution. However, recreational fisheries sampling
data show continued catches of bat rays, shovelnose guitarfish and thornbacks. It is
difficult to determine the total numbers of skates and rays caught as sampled catch
numbers vary considerably from year to year.
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Management Considerations

Three species of skate, big skate, California skate and longnose skate, became
federally designated groundfish in 1982 when the PFMC adopted the Pacific Coast
Groundfish Fishery Management Plan. Prior to 1982, this species was managed by the
California Department of Fish and Game (Department) through regulations adopted by
the state legislature and the California Fish and Game Commission. All other skate and
ray species are managed by the state. The recent longnose skate stock assessment
provides a basic foundation for the management of longnose skates; however, the
assessment relied on some critical assumptions based on limited supporting data.
More research is needed to improve the longnose skate population model and to
produce effective management plans for other skate and ray species in California. The
information needed includes:

1. Landing data on size, sex and species composition of the recreational and
commercial catch.

2. Survival rates for released catch.

3. Life history parameters for many of the species involved, including age
determination and age validation studies.

4. Population dynamics including movement. This information will help determine if
increased landings of previously discarded catch are altering the impact to the
species involved.

5. Genetic studies to determine stock structure.

Diane Haas
California Department of Fish and Game
DHaas@dfqg.ca.gov
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Skate commercial landings (all species combined), 1916-2008.

Year Pounds Year Pounds Year Pounds

1916 307,716 1947 103,696 1978 275,057
1917 314,837 1948 119,101 1979 309,521
1918 398,031 1949 123,464 1980 155,216
1919 295,800 1950 153,758 1981 631,420
1920 479,812 1951 84,634 1982 287,808
1921 69,932 1952 138,716 1983 185,690
1922 121,210 1953 415,669 1984 116,293
1923 134,353 1954 136,221 1985 195,837
1924 131,137 1955 152,622 1986 150,125
1925 183,484 1956 175,751 1987 169,691

1926 232,993 1957 171,678 1988 127,852
1927 263,715 1958 176,896 1989 174,838
1928 458,926 1959 240,801 1990 143,732
1929 427,986 1960 146,934 1991 113,144
1930 286,390 1961 299,317 1992 103,469
1931 174,785 1962 182,178 1993 78,070
1932 292,412 1963 216,825 1994 93,391

1933 193,711 1964 222,705 1995 413,278
1934 232,175 1965 153,475 1996 1,830,076
1935 307,122 1966 154,014 1997 2,965,274
1936 381,944 1967 196,751 1998 1,834,740
1937 447,392 1968 186,350 1999 1,869,295
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Skate commercial landings (all species combined), 1916-2008.

Year Pounds Year Pounds Year Pounds
1938 528,273 1969 106,068 2000 1,273,491
1939 336,854 1970 102,982 2001 1,410,925
1940 238,287 1971 61,223 2002 180,794
1941 224,698 1972 118,386 2003 275,452
1942 105,691 1973 133,433 2004 251,939
1943 81,109 1974 86,158 2005 210,418
1944 50,419 1975 135,291 2006 268,286
1945 74,009 1976 161,137 2007 247,495
1946 78,038 1977 161,426 2008 392,313
Data source: Department catch bulletins (1916-1986) and CFIS data (1987-2008), all gear types
combined.
Ray commercial landings (all species combined), 1978-2008.
Year Pounds Year Pounds Year Pounds
1978 57 1989 53,728 1999 42,432
1979 839 1990 52,633 2000 24,018
1980 447 1991 52,704 2001 22,286
1981 1,100 1992 39,663 2002 24,163
1982 12,967 1993 36,163 2003 21,976
1983 17,306 1994 12,773 2004 20,110
1984 15,969 1995 12,740 2005 27,590
1985 14,771 1996 18,089 2006 18,924
1986 14,993 1997 37,903 2007 26,027
1987 56,143 1998 43,288 2008 22,672
1988 54,461

Data source: CFIS data, all gear types combined. Data not available prior to 1978.
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Skate and ray recreational catch (all species combined),

1980-2003.
Number of Number of

Year fish Year fish
1980 55,607 1992 -
1981 27,700 1993 24,558
1982 28,362 1994 9,142
1983 27,541 1995 11,498
1984 50,077 1996 14,125
1985 17,208 1997 16,657
1986 15,795 1998 15,621
1987 35,115 1999 11,375
1988 67,281 2000 19,625
1989 28,823 2001 27,820
1990 - 2002 20,920
1991 - 2003 16,162

Data source: MRFSS data, all fishing modes and gear types combined. Data not available from 1990-

1992. CPFV data not available for central and northern California for 1993-1995.

Skate and ray recreational catch
(all species combined), 2004-2008.

Year Number of fish
2004 16,852
2005 15,878
2006 21,154
2007 12,211
2008 14,300

Data source: CRFS data, all fishing modes and gear types combined.
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6 Sturgeons, Acipenser spp.

White Sturgeon, Acipenser transmontanus. Photo credit:
Department.

History of the Fishery

The sturgeon fishery has been of major importance to California historically.
Sturgeon remains found in Native American middens in the San Francisco Bay area,
Sacramento-San Joaquin Delta and Elkhorn Slough indicate that sturgeon were an
important nutrition source for some California native populations. A commercial
sturgeon fishery developed in the San Francisco Bay estuary between the 1860s and
1901 to supply the increasing demand for caviar and smoked sturgeon in the eastern
United States. White sturgeon, Acipenser transmontanus, has been the primary
species taken in the commercial and recreational fisheries with green sturgeon, A.
mediostris, taken in smaller amounts. Gear used in the commercial fishery included gill
nets, long lines and snagging hooks. The commercial fishery peaked in 1887 when
1.65 million pounds (748 metric tons) were landed, fell to 0.3 million pounds (136 metric
tons) in 1895, and to 0.2 million pounds (91 metric tons) in 1901. Heavy commercial
fishing led to serious resource depletion by 1900 and the fishery for sturgeon closed in
1901. The fishery reopened in 1909; however, small catches indicated that the
population was still depressed. The commercial and recreational sturgeon fisheries
closed in 1917; the commercial fishery closing permanently.

The recreational fishery for sturgeon (white and green combined) was re-
established in 1954 with a 40 inch (102 centimeter) total length (TL) minimum size limit,
no seasonal closure, and a one fish per day bag limit. A tagging study conducted in
1954 showed that white sturgeon weight increases slowly until the total length reaches
35 inches (89 centimeters) and then varies depending on size. The study also showed
the fishery is dependent upon widely spaced strong year classes. This tagging study
resulted in a recommendation of a 50 inch (127 centimeter) size limit for both species to
provide a buffer stock of larger fish for anglers and to insure maintenance of an
adequate spawning stock.

The new size limit was implemented in 1956, the same year snagging sturgeon
became illegal—sturgeon may only be taken by angling, which is defined as the fish
voluntarily taking the bait or lure in its mouth (Title 14, CCR, §5.80). The minimum size
limit returned to 40 inches (201 centimeters) in 1964. Concern over potential depletion
of the sturgeon resource in the late 1980s prompted regulation changes starting in 1990
with the implementation of a 72 inch (183 centimeter) TL maximum size limit, creating

Status of the Fisheries Report 2008 6-1



the first slot size limit regulation for a marine species. The slot size limit protects
smaller, juvenile fish as well as larger fish with the highest reproductive capacity. In
1990 the minimum size limit was increased by 2 inches (5 centimeters) each year until
1992 when a minimum size limit of 46 inches (117 centimeters) was reached (Title 14,
CCR, §5.80).

In 2006 the National Marine Fisheries Service (NMFS) determined that the North
American green sturgeon Southern Distinct Population Segment (DPS), which includes
the populations originating from coastal watersheds south of the Eel River, is at risk of
extinction in the foreseeable future throughout all or a significant portion of its range and
listed the species as Threatened under the Federal Endangered Species Act (ESA). As
a result, the California Fish and Game Commission, upon a recommendation by the
California Department of Fish and Game (Department), closed the recreational fishery
for green sturgeon in 2007 (Title 14, CCR, §5.81).

In 2007, a suite of new recreational fishing regulations were implemented for the
white sturgeon fishery to reduce the white sturgeon catch and the bycatch of threatened
green sturgeon, and to assist enforcement. The new regulations provide for an annual
limit of three white sturgeon, a reduction in the maximum size limit to 66 inches (168
centimeters) TL, a requirement to record all catch on a Sturgeon Fishing Report Card,
and a requirement to tag all retained white sturgeon (Title 14, CCR, §5.79 and 5.80).

The report card information will provide fishery-dependent data, and the tagging
requirement is intended to help anglers to comply with the annual bag limit. All anglers
targeting or retaining sturgeon are required to possess the card, including those anglers
that are not required to possess a fishing license, such as anglers under the age of 16
and people fishing from a public pier or fishing on free fishing days. Regulations require
anglers that catch and release green sturgeon incidentally while fishing for white
sturgeon record their green sturgeon catch on the Sturgeon Fishing Report Card along
with any white sturgeon taken (whether kept or released). Anglers are required to
return the card to the Department by January 31 of the following year.

Data from the 2007 Sturgeon Fishing Report Card show that approximately
41,000 cards were issued. Of these, 6573 cards were returned by anglers and 1801
cards had data on sturgeon catch. Anglers reported keeping 1399 white sturgeon, and
releasing 4612 white sturgeon and 311 green sturgeon. White sturgeon catch was
greatest in Suisun Bay, the Sacramento River from Rio Vista to Chipps Island [10 mile
(16 kilometer) stretch of river near Suisun Bay], and Montezuma Slough (north of
Suisun Bay). Angler reported lengths of retained white sturgeon averaged 55 inches
(139 centimeters) TL and ranged from 12 to 68 inches (30 to 172 centimeters). While
anglers are not required to provide the length of released white sturgeon, many
volunteered such data. The average TL of released white sturgeon was approximately
44 inches (112 centimeters).

Green sturgeon catch was greatest in the Sacramento River from Red Bluff to
Colusa (100-mile stretch of river north of Sacramento), and the Sacramento River from
Rio Vista to Chipps Island (20-mile stretch of river inland from Suisan Bay). While
anglers are not required to provide the length of green sturgeon released, many anglers
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did provide green sturgeon length information. The reported lengths ranged from 19 to
86 inches (48 to 218 centimeters) and averaged 37 inches (94 centimeters) TL.

Sturgeon is an important target species for some commercial passenger fishing
vessels (CPFV) fishing inside San Francisco and San Pablo bays. Some operators
specialize in sturgeon fishing, offering passengers sturgeon-only trips. All CPFV
operators are required to submit a log of daily fishing activity to the Department. Green
and white sturgeon are not differentiated on the CPFV logs and the catch is reported as
“sturgeon”. As white sturgeon make up the majority of the total sturgeon recreational
catch, it is believed that the CPFV catch of white sturgeon is larger than the green
sturgeon catch. Following regulatory changes for white sturgeon beginning in 1990,
reported catch by anglers aboard CPFVs decreased compared to catch reported for the
1980s (Figure 6-1).
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Figure 6-1. Sturgeon commercial passenger fishing vessel (CPFV) catch (all species combined), 1980-
2008. Data Source: CPFV logbook data.

Green sturgeon may have been of historical importance to Native Americans
living on California’s north coast. While recreational fishing regulations prohibit
recreational anglers from taking sturgeon in the rivers of Del Norte, Humboldt and
Mendocino counties, a tribal fishery for green sturgeon continues today on the Klamath
River in California. These green sturgeon are believed to be from the Northern DPS
and are not protected.

Poaching, primarily to supply black market demand for caviar, makes up an
unknown yet potentially significant portion of the white sturgeon total catch and is a
serious concern. For green sturgeon, poaching represents a real threat to the survival
of the species. Undercover operations by Department wardens have resulted in 8 major
cases against sturgeon poaching rings since 2003. Recent amendments to FGC
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§7370, 12006 and 12157 (Assembly Bill 1187, DeSaulnier 2007) substantially increased
the penalty for illegal commercialization of sturgeon and made it easier to establish
intent to illegally commercialize sturgeon.

Status of Biological Knowledge
White Sturgeon

White sturgeon are long-lived, slow growing anadromous fish ranging from the
Gulf of Alaska to Ensenada, Mexico. Spawning populations have been found only in
large rivers from the Sacramento-San Joaquin River system north. In California, white
sturgeon are most abundant in the San Francisco Bay estuary. Some white sturgeon
move into the Sacramento River Delta and lower Sacramento River during late fall and
winter. Some fish move 90 miles (145 kilometers) up the river to the Knights Landing-
Hamilton City area (Yolo County) to spawn. Anecdotal information indicates that a
small number of adult white sturgeon occur in the San Joaquin River mainstream
upstream from the Delta. White sturgeon spawning in the San Joaquin River is
suspected to occur in wet, high water years but has never been confirmed. Catches of
two unidentified juvenile sturgeon in the Mokelumne River in 2003 could be the first
documentation of sturgeon spawning in a San Joaquin River tributary. Spawning may
also occur in the Feather River, but has not yet been documented there.

Spawning occurs in the Sacramento River between mid February and late May
when water temperatures are 46 to 72°F (8 to 22°C). The spawning season of white
sturgeon in the Klamath River is unknown. Little is known about sturgeon spawning
behavior. White sturgeon are broadcast spawners in deep holes with fast-moving
water. Compared with most freshwater or anadromous fishes, white sturgeon are quite
old when they become sexually mature. Age at maturity differs between the sexes —
mature males are 9 to 25 years old and 3.6 to 6 feet long (1.1 to 1.8 meters), while
mature females are generally 14 to 30 years old and 4.6 to 6.6 feet long (1.4 to 2.0
meters). High natural variability in the size at sexual maturity has been observed,
especially among females. Studies suggest that female white sturgeon do not spawn
every year; several years may pass between successive spawning by an individual
female. One study showed that approximately 50 percent of the males captured were
approaching spawning condition for that year, compared with only about 15 percent of
the captured females. The female white sturgeon fecundity is impressive; one 9.2 foot,
460 pound (2.8 meters, 209 kilogram) female contained 4.7 million eggs. Smaller
females (less than 5 feet; 1.5 meters) may contain 100,000 eggs. Fertilized eggs hatch
after 4 to 12 days on the bottom. Larvae stay close to the bottom and rear in both the
river and the estuary. Rearing location is at least partly determined by river flow — when
freshwater flows are high, more larvae are washed into the estuary.

Young white sturgeon grow rapidly, reaching 17 inches (43 centimeters) TL
during the first year. Growth slows after the first year to 1 to 2.5 inches (2.5 to 6
centimeters) per year, reaching the current minimum size limit of 46 inches (117
centimeters) TL after 9 to 16 years. Water temperature and dissolved oxygen
concentration have a significant impact on growth. The rapid growth capability of white
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sturgeon has resulted in aquaculture farm development to raise sturgeon for the caviar
and fish meat markets.

Historical records of large white sturgeon indicate fish that may have reached
lengths greater than 18 feet long, weighed more than 1800 pounds (549 centimeters,
816 kilograms), and possibly reached 100 years of age. This makes the white sturgeon
the largest freshwater fish in North America. The current world record recreationally-
caught white sturgeon was a 468 pound (212 kilogram) fish taken from the Carquinez
Strait area (inland from San Pablo Bay, Solano County) in 1983.

While the oceanic movements of sturgeon are poorly known, most recoveries
from tagging programs in the San Francisco Bay estuary have come from the estuary
and its tributaries; a few fish have moved along the Pacific coast and been recovered in
Oregon and Washington. One white sturgeon was recently documented with radio
telemetry to move between the Klamath River in northern California and the Fraser
River in British Columbia, Canada. This fish spent long periods of time in at least two
very different river systems (one clear and one highly turbid), making determination of
the home river uncertain. Large scale movements of sturgeon outside the home river
may have serious implications for stock assessments and management.

Young white sturgeon feed primarily on small crustaceans such as amphipods.
As they grow, white sturgeon begin to prey upon a wider variety of benthic invertebrates
such as crabs, clams and shrimp. The diet of larger white sturgeon includes fishes and,
during winter in San Francisco Bay, herring roe. A diet study of fish caught by anglers
aboard CPFVs from 1965 through 1967 in the San Pablo Bay and Carquinez Strait-
Lower Suisun Bay areas showed that prey items were closely associated with shallow
estuarine mudflat areas. Sturgeon feed by suction with their ventral, protrusible mouths.
Dense aggregations of taste buds located on the barbels are believed to assist with
food identification.

Very little is known about white sturgeon predators. Larger fish are taken by sea
lions. Smaller sturgeon are preyed upon by various fish and perhaps birds. The
sturgeon’s five lines of sharp, bony scutes may discourage predators and send them
searching for more desirable prey.

White sturgeon may be distinguished from green sturgeon by the number of
scutes; white sturgeon have more than 38 scutes along the body and no scutes behind
the dorsal fin while green sturgeon have 28-30 scutes along the body and 1 to 2 scutes
behind the dorsal fin. White sturgeon have a comparatively short and broad snout, with
barbells closer to the end of the snout than to the mouth.

Green Sturgeon

Green sturgeon (Figure 6-2) are long-lived, slow growing, anadromous fish and
are the most marine-oriented and widely distributed of the sturgeon species, ranging
from the Bering Sea to Ensenada, Mexico. Green sturgeon spend the majority of their
lives in nearshore marine waters, bays and estuaries. It is believed that green sturgeon
spend much less time in the San Francisco Bay estuary, either as young or adults, than
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white sturgeon. Spawning populations
have been found only in medium sized
rivers from the Sacramento-San
Joaquin River system northward.
Current California spawning areas are
believed to include the Klamath River
Basin and the Sacramento River.
Green sturgeon have been reported
from the Feather, Yuba, Bear, Trinity
and Eel rivers, but it is unclear if
spawning takes place in these rivers.
There is no evidence to indicate that Figure 6-2. Green Sturgeon, Acipenser medirostris.
green sturgeon were historically Photo credit: Department.

present or are currently present in the

San Joaquin River upstream from the Delta.

el [

Adult green sturgeon usually migrate from salt water into fresh water beginning in
late February. Spawning takes place in the Sacramento River from April-July, peaking
in May, and March-July, peaking April-June, in the Klamath River. Green sturgeon
spawn less frequently with age. Spawning occurs in deep, fast-moving water in river
mainstreams. Little is known about sturgeon spawning behavior. Age at maturity differs
between the sexes—first spawning for males occurs at 14 years and at 16 years for
females. Fecundity is dependent on the size of the female, ranging from approximately
59,000 to 242,000 eggs per female. These numbers are lower than those for white
sturgeon, as green sturgeon are smaller than white sturgeon and green sturgeon eggs
are larger than white sturgeon eggs. Fertilized eggs hatch after 4 to 12 days. Larvae
stay close to the bottom and are believed to reside and develop in rivers well upstream
of estuaries. Young fish grow rapidly, possibly reaching 12 inches (31 centimeters) in
the first year. By 9 years an average green sturgeon will be 39 inches (100
centimeters) TL; an average 33 year old fish will be 79 inches (201 centimeters) TL.
Juvenile green sturgeon are believed to reside in fresh water for the first one to three
years of life, then migrate to the ocean, where they disperse widely until they reach
sexual maturity and return to their natal waters to spawn.

Green sturgeon have been reported to reach ages of 60-70 years, and historical
accounts report fish up to 350 pounds (159 kilograms). The oldest fish sampled from
the Klamath River tribal fishery from 1999 through 2003 were estimated to be about 40
years old; the largest fish was 95 inches (241 centimeters) TL and weighed 160 pounds
(73 kilograms).

Young green sturgeon feed primarily on small crustaceans such as amphipods.
As they grow, green sturgeon begin to prey upon a wider variety of benthic
invertebrates such as crabs, clams and shrimp. The diet of larger sturgeon includes
fishes. Sturgeon feed by suction with their ventral, protrusible mouths. Dense
aggregations of taste buds located on the barbels are believed to assist with food
identification.
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Very little is known about green sturgeon predators. Large fish are taken by sea
lions. Smaller sturgeon are preyed upon by various fish and perhaps birds. The
sturgeon’s five lines of sharp, bony scutes may discourage predators and send them in
search for more desirable prey.

Green sturgeon may be distinguished from white sturgeon, with which they co-
occur, by the number of scutes—green sturgeon have 23-30 scutes along the body and
1-2 scutes behind the dorsal fin; white sturgeon have more than 38 scutes along the
body and no scutes behind the dorsal fin. Green sturgeon also have a relatively long
snout with barbels closer to the mouth than to the tip of the snout compared to white
sturgeon.

Status of the Population

The decline in white sturgeon landings in the commercial fishery that took place
in the late 1800s and early 1900s shows the species’ vulnerability to overexploitation.
The length of time required to reach sexual maturity compared to other freshwater and
anadromous species and infrequent spawning by females contribute to this vulnerability.
Department tagging studies found that angler harvest rates were high during the 1980s.
The relatively high catches in the 1980s renewed concern over possible depletion of the
resource and led to angling regulation changes starting in 1990 with the creation of the
slot size limit.

White sturgeon abundance in the Sacramento-San Joaquin watershed has
varied greatly over time. Angler catch and mark-recapture study information suggest
that strong year classes since 1980 have been produced only during 5 of the 10 years
when the Sacramento Valley Water Year Index was rated ‘wet’. Abundance estimates
of white sturgeon in the Sacramento River—-San Joaquin River Estuary estimated that
approximately 142,000 adults greater than 40 inches (102 centimeters) TL were present
in 1997. Spawning biomass has at times been very low due in part to the interaction of
harvest and successive years of poor recruitment. Research and monitoring is focused
on learning more about the factors affecting year class strength, improving the precision
of abundance estimates, understanding out-of-system migrations, and developing the
potential to limit harvest through use of a quota.

Management Considerations

NMFS listed the green sturgeon’s Southern DPS, which includes the spawning
population in the Sacramento River, as Threatened under the ESA on April 7, 2006.
The Department considers the green sturgeon a Species of Special Concern. The
Northern DPS, which includes all spawning populations north of the Sacramento River,
is considered a federal Species of Concern.

The Southern DPS is considered likely to become endangered in the foreseeable
future. The determination to list the Southern DPS as federal Threatened was based on
a number of risk factors including: information showing that the majority of spawning
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adults are concentrated into one spawning river, the Sacramento, which increases the
risk of extinction due to catastrophic events; and information showing evidence of lost
spawning habitat in the Sacramento River above Shasta Dam and in the Feather River
above Oroville Dam. Unlike white sturgeon, green sturgeon are present in the upper
Sacramento River below Shasta Dam year round and angler bycatch of green sturgeon
on spawning grounds may be a cause for concern. Insufficient freshwater flow rates in
spawning areas, contaminants, elevated water temperatures and entrainment of
individuals into water diversion projects are additional risk sources.

The Northern DPS includes populations in the Rogue, Klamath-Trinity and Eel
rivers. The Northern DPS is not considered to be in danger of extinction or likely to
become an endangered species in the foreseeable future. The two main spawning
populations, in the Rogue and Klamath-Trinity rivers, occupy separate basins, reducing
the potential for loss of the DPS through catastrophic events. While harvest has been
reduced and green sturgeon in this DPS do not face substantial entrainment loss, there
are significant concerns due to lack of information, water flow and temperature issues,
and habitat degradation.

Edgar Roberts
California Department of Fish and Game, Marine Region
ERoberts@dfg.ca.gov

Marty Gringas
California Department of Fish and Game, Bay Delta Region
MGringas@dfg.ca.gov
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