


ACKGROUND

The Columbia River is home 1o North America’s largest
sturgeon resource—in the world second only to that of Asia’s
Caspian Sea. Although white sturgeon (Acipenser transmon-
fanus) were brought to near extinction by commercial fishing
in the late 1800s, populations have slowly recovered and stur-
geon are once again an important fishery resource in the Co-
lumbia River system,

Sturgeon in the Columbia system are caught by commer-
cial (Indian and non-Indian} and recreational anglers. Prior to
1975, harvest levels were relatively small and stable. In the
last 10 years, however, the recreational caich of sturgeon has
more than doubled, making white sturgeon an increasingly
important sport fish on the river, The total commercial catch
by Indian tribes is also increasing—essentially having
doubled every year since 1984,

Because of escalating harvests in both sport and Indian
fisheries, there is increasing concern about the future of Co-
lumbia River sturgeon. Many are advocating that harvest lim-
its be tightened, while others think that sturgeon hatcheries
should be constructed to meet future demands. In recent
years, Oregon and Washington lawmakers have constdered
legislation that would curtail or even eliminate the non-Indian
commercial fishery.

The white sturgeon has also become a prime candidate for
commercial aquaculture ventures. In 1979, rescarchers from
the University of California-Davis developed a prototype
sturgeon hatchery. With fishermen’s help, the scientisis cap-
tured ripe, wild sturgeon, which they were able to keep and
successfully spawn in captivity. In subsequent years, the
Davis researchers further demonstrated that sturgeon fry and
fingerlings can be successfully reared in captivity on artificial
feed.

The development of successful hawchery technology for
white sturgeon has created a growing commercial sturgeon
aquaculture industry in California. Several farms are currently
in production and others are planning to enter the field. Al-
though still largely in a research and development phase, the
emerging sturgeon aquaculture industry in California has at-
tracted considerable attention from both the general public
and private aquaculturists. Sturgeon from the Columbia River
are now being viewed as potential broodstock for similar ven-
tures in the Pacific Northwest.

Despite its unique aquaculture potential and its importance
to the Columbia River fisheries, little is known about the
white sturgeon in nature. Literature on the biology, life his-
tory, and habitat requirements has been limited and generally
inaccessible to the public. Furthermore, information on recent

aquaculture developments often remairs too technical to be
understood by the general public. This report assembles sore
of the existing information and makes it both understandable
and accessible to the interested public, to policymakers, to
managers, and to researchers.

Wherever sturgeon have been commercially exploited,
there has been a history of depletion. As both sport and com-
mercial uses continue to increase, the public will be faced
with some difficult decisions regarding future use of the Co-
lumbia River sturgeon resource. It is hoped that this publica-
tion will provide the reader with a deeper appreciation and
better understanding of the Columbia River’s largest and old-
est resident-—the white sturgeon, enabling the public 1o make
such decisions wisely.

Green Sturgeon

Sturgeon Species of the Columbia River

IOLOGY AND LIFE HISTORY

Worldwide, there are 23 species or subspecies of sturgeon,
all of them found in the Northern Hemisphere. Seven species
are found in North America—two on the Pacific Coast.

The Columbia River is home to both Pacific Coast sturgeon
species—the green sturgeon (Acipenser medirosiris) and the
white sturgeon (Acipenser transmontanus). Green sturgeon
spend most of their time in brackish water and are thus found
primarily in the lower 40 miles of the Columbia and along the
coast. Their distinguishing characteristics include an olive-
green color, long shovel-like snout, and sensory barbels that
are closer to the mouth than to the tip of the snout. Green
sturgeon sometimes reach a length of 7 feet and a weight of
350 pounds: however, their flesh is generally considered to be
of inferior quality and therefore of limited commercial
importance.

The white sturgeon is more abundant than green sturgeon
and is the larger of the two species. In fact, it is the largest
freshwater fish species in North America—capable of
reaching lengths of almost 20 feet. Because of the high value
of its flesh and eggs (used in producing caviar), it is also
considered to be the species of most commercial importance.




A sturgeon's sensory barbels and protrudable, toothless mouth are a good combination for Iife

at the hottom of the Columbia,

Although somewhat similar to the green sturgeon in appear-
ance, white sturgeon can usually be identified by their gray
color, short rounded snout, and barbels that are closer to the
tip of the snout than to the mouth,

Resembling some sort of prehistoric creatures, sturgeon are
actually the modern relics of an ancient group of fishes. Al-
though they first appeared about 200 million years ago, stur-
geon have remained relatively unchanged to the present. They
are closely related to paddlefish, another primitive survivor.
Both have sharklike tails, a skeleton that is more cartilage
than bone, and a unique spiral valve intestine that aids in food
ahsorption,

Instead of scales, sturgeon are protecied by a heavy sand-
paperlike skin and five rows of bony plates, called scutes,
which serve as an armorlike covering. Underneath their flat-
tened snout are four sensory barbels and a toothless, “vacuum
cleaner” mouth capable of siphoning up food.

Sturgeon generally feed on the bottom, rooting with their
snouts and sucking up organisms that they detect with their
long, sensitive barbels. Their diet may include clams, mus-
sels, crayfish, worms, and fish eggs. As the sturgeon grow
larger, other fish become more important in their diet. In the
Columbia, sturgeon seem particularly fond of smelt, ancho-
vies, lamprey, shad, and salmon. They have also been known
to eat drowned cats, tin cans, onions, and spilled wheat from
shoreline grain elevators.

Habitat

Like Pacific salmaon, white sturgeon in their natural habitat
are anadromous—Iliving part of their Lives in the ocean and
ascending large rivers to spawn in fresh water, Before the
armival of white settlers and subsequent development of the
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Pacific Northwest. white sturgeon were
well dispersed throughout the Columbia
River Basin from the estuary at the
mouth of the river, up the Snake River
to southern Idaho, and well into the
Kootenai drainage of Canada and
Montana.

Historically, white sturgeon made
pood use of their anadromous condition
in spawning and feeding migrations be-
tween the estuary and upper river,
Thousands of sturgeon were able to
feed in the rich marine and estuarine
environment of the river mouth and ad-
Jjacent coastal areas, and return to the
river for spawning and early rearing.
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This free river access changed, however, with the advent of
hydroelectric development. White sturgeon are still distrib-
uted throughout the river system but they are now generally
isolated, and their movement is limited within the series of
impoundments that make up most of the river,

Columbla River
Drainage Basin
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Sturgeon once ranged extensively throughout the Columbia River
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Although research has been limited, existing studies sug-
gest that construction and operation of the hydropower sys-
tem have severely impacted white sturgeon populations in the
Columbia River basin. Dams have not only blocked upstream
spawning and feeding migrations, but they have also altered
and/or destroyed much of the spawning habitat. Dams and
their associated reservoirs have also altered food availability,
natural flow patterns, and water temperatures.
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Major hydropower projects on the Columbia/Snake River System
have ransformed the sturgeon’ s free-flowing river environment into
a series of slack-water reservoirs, blocking migrations and destroy-
ing spawning habitai,

Because sturgeon are extremely vulnerable to modifica-
tions of their environment, the population status of white stur-
geon stocks differs greatly ameng different reaches of the Co-
lumbia River and its tributaries. Sturgeon populations in the
lower Columbia, for example, have been considered refa-
tively healthy, whereas stocks in the Snake and Kootenai riv-
ers have become se-
verely reduced. Al-
though it is clear that -
isolated sturgeon B
populations are able
1o reproduce in some
impoundments, it is
still unknown how
well they have
adapted to environ-
mental changes and
what their long-range
status may be.

Only the sturgeon populations below Bonneville Dam are
able still to move freely between the river and the sea. The
full extent of these sturgeon migrations, however, is still a
mystery. Tagging studies on Colurnbia River sturgeon have
shown that these fish commonly migrate along the coast north
to Puget Sound and south to Yaquina Bay, Oregon. One fish
tagged in 1983 travelled 2,000 miles before being caught by a
commercial fisherman near Bristol Bay, Alaska, in 1986.
Some California sturgeon, tagged in San Francisco Bay have
also migrated along the coastline and entered the Columbia
system.

Age and Growth

Sturgeon are perhaps best known for their longevity and
large size. The world’s largest recorded fish was a beluga
sturgeon from the Caspian Sea, which tipped the scales at
4,350 pounds. The largest white sturgeon, caught in Canada’s
Fraser River in 1912, was 20 feet in length and weighed
1,800 pounds. The biggest recorded sturgeon in the Columbia

system was a 1,500-pound fish caught in 1928 in the Snake
River.

Since sturgeon do not have scales, biologists estimate a
sturgeon’s age by removing and examining a small portion of
its fin rays. Like rings on a tree, a count is made of the layers
of cartilage that are laid down each year. This technique has
led scientists to believe that sturgeon have a life expectancy
of 100 years or more,

Several recent research efforts have focused on the popula-
tion characteristics of Columbia River sturgeon, Work con-
ducted by the 1.S. Fish and Wildlife Service in 1976 found
that sturgeon in the Bonneville Reservoir first entered the
sport fishery (i.e., 3 feet) at about age 12 and the commercial
fishery (i.e., 4 feet in length) at about age 13. The fish are vul-
nerable to both fisheries until they exceed 6 feet in length,
between the ages of 18 and 20.

Record 1500-pound sturgeon caught in Idaho' s Snake River.

Oregon Historical Socisty No, 34255




Other research indicates that
sturgeon in the reservoirs exhibit
differem growth rates over their
lifetime. From age 3 to 12, their
growth is relatively constant at
about 1.3 inches per year. Be-
tween ages 12 to 18, growth is
rapid at an average rate of 6.5
inches per year, and from age 19
10 28, growth slows to approxi-
mately 3.2 inches per year.
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In contrast, researchers have found that lower Columbia
River sturgeon populations with free access to estuary and
ocean environments grow at a more constant rate. The differ-
ence in growth rates is believed 1o be a reflection of food sup-
ply since the populations that are free to migrate into estuaries
and the ocean have more food available throughout their life
history than landlocked populations.

Reproduction

Sturgeon require many years to reach a reproductive age,
Femnale white sturgeon, for example, do not spawn until they
are 15-20 years of age and over 5 feet long. Thercafter, the
egg-producing capacity increases with age. Males mature sev-
eral ycars earlier at about 12 years of age (approximately 4
feet in length).

Although female sturgeon produce approximately 300,000
to more than 4 million eggs, depending upon their age and
physical condition, they may spawn only once Very two to
eight years. Researchers have also found that if ripe females
are subjected to a great deal of stress, they may reabsorb their
eggs and lose a spawning cycle.

In the Columbia System, sturgeon spawn primarily during
May and June. In their natural environment, spawning stur-
geon generally avoid slack water, preferring to deposit their
eges in rocky areas with fast-flowing water. In contrast to
salmon and trout, sturgeon appear to requirc muddy, turbulent
water for successful spawning. Mud or silt, it seems, is criti-
cal in preventing the clumping and suffocation of eggs, and
turbulence allows for proper aeration during development.

Much about the sturgeon’s spawning habits remains a mys-
tery. They appear to be mass spawners without an obvious
courtship ritual, When a female is ready to deposit her eges,
the males cluster around to fertilize them as soon as they are
extruded. The fertilized eggs then sink to the botlom, where
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A catch of sturgeon from the Columbia,

By No. 47745

they adhere to plants, rocks, and other hard substrates. The ‘
adults provide no care to the eggs or young.

About eight days after fertilizaton, the eggs hatch into
squirming, black, tadpoletike fry. At first, these liny creatures
arc nuriured by their yolk sacs. Within 12 days. they use up
their yolk sacs and begin to feed on aquatic insects and other
small animal life. By the time they are 20 days old, they have
taken on the physical appearance of their parents and begin to
feed on the bottom. Life as a young sturgeon is hazardous.
Fewer than 0.1 percent of the fry survive past their first year,

HE HISTORIC STURGEON FISHERIES |

“In 1879 the sturgeon were so thick in Baker Ba 'y that we
did not consider il safe, early in the season, to put our gill
nets out. The fish were so numerous and lurge that they were
able ta destroy a great amount of netting.” (M.J. K inney, |
1884 . ! !

The history of the Columbia River sturgeon fishery is simi-
lar to the fisheries of the Fast Coast, the Great Lakes, and
other arcas in the world where sturgeon became commercially
important and were then overfished almost to the point of ex-
tinction. Although utilized by Indians for thousands of years,
sturgeon were still extremely abundant in the Columbia River
when the first salmon gillnet fisheries began in the 1860s. At
that time and for several years thereafter, tremendous num-
bers of sturgeon were killed by the fishermen because the fish
had no known commercial value and frequently destroyed the
fishermen'’s nets.

By 1880, the commercial value of sturgeon was recog-
nized, and a small sturgeon fishery had started. Sturgeon flesh
was sold fresh locally, and some was salted and pickled.
Prices ranged from one or two cents per pound for dressed
fish to five cents per pound for caviar, It was not until -1888,




tiowever, that the first regular sturgeon fishery on the Colum-
bia was initiated. In that first year, nearly 1 miliion pounds of
frozen and pickled sturgeon. valued at $15,000 to the fisher-
men, were shipped by railroad to the East.

The growing acceptance of smoked sturgeon-and caviar on
the East Coast stimulated a rapid development of the tishery,
By 1892, the fourth year of intensive fishing. a peak harvest
of 3.5 million pounds valued at 366,000 was reached.

During the peak of the fishery, most sturgeon were taken
{rom the lower river below Kalama, Washington. Fishing was
alsoconducted as far up as the Columbia River Gorge, gener-
ally from September 10 April, during the period when other
fishing was suspended. Several 1ypes of gear were used in-
<¢luding fish wheels, traps, gillnets, and baited setlines, The
majority of the catch, however, was taken with Chinese gang

A 700-pounder caught near St. Helens, OR.

Orepon Historical Society No. 15731

lines—a set of lines armed with unbaited, barbed hooks. The
average weight of sturgeon taken in the regular sturgeon fish-
ery was about 150 pounds, but fish weighing 500 pounds or
more were not uncomman. Fishermen did not even keep fish
under 50 pounds.

Fishermen began to witness a decline in the sturgeon re-
source as carly as 1893, only five years after the fishery be-
gan. To maintain the previous catch levels, they now had to
change fishing grounds on a more frequent basis as well as
increasc the amount of fishing gear used. At each newly dis-
covered fishing ground. the fishermen generally found numer-
ous large fish in a very limited area. But in a relatively short
time, all would be caught and the fishermen would again
move on in search of new areas. This patiern continued, even-
tually moving the fishery from the lower Columbia into the
Snake River in Idaho.

In February of 1894, sturgeon shipper C.B. Trescott wrote
to the United States Fish Commission describing the condi-
tion of the Columbia sturgeon tishery:

Sturgeon tishing has completely failed on the Columbia. There has
been no fish caught since last November to ameunt to anything. A
present the entire catch on the river does not amount to over | ton of
dressed fish a day. and is growing less. We do not expect to be able
to fish longer than the 15th of March, and what few we get now does
not pay for handling. At present, we do not have much faith in the
sturgeon business on the Columbia. Usually we have a good run of
fish in January or Febtuary, but there are no fish this year and there
is every indication of the fish being caught out. We have thought that
we would have our usual run of sturgean on the Columbia in January
and February. The sturgeon season will begin again on the 15th of
August, and if we do not have our usnal run of fish then it will prove
that the sturgeon fishing is done for here. There is every indication
of the sturgeon business having seen its best days on this coast. The
total catch for this season has not been 25 percent of the catch last
season, and whal fish were caught were caught in August, Septem-
ber, and October.

Similar remarks were made to the Fish Commission in
1894 by M.J. Kinney of Astoria:

In 1893, there was a good supply of sturgeon. The fish sold for 2
cents a pound. The fishermen as a whole did not do well, however,
although the price received was double that of the previous year. In
1879 the sturgeon were so thick in Baker Bay that we did not con-
sider it safe, early in the season, to put our gill nets out. The tish
were s0 mumerous and large that they were able to destroy a great
amount of netting. For years every sturgeon taken was mutilated or
killed with an ax and thrown back into the water. The shores of the
river would be lined with dead sturgeon, and numbers could always
be seen floating down the river. It is quite different now.

Because of the sturgeon’s slow growth rate and the selec-
tive removal of so many large brood fish, the annual catch
continued to decline rapidly. By 1895, the average weight of
sturgeon harvested was only 5060 pounds. In 1899, ten
years after the intensive fishing began, only 73,000 pounds
were harvested and the fishery became an incidental one.




TURGEON FISHERIES

Management

The collapse of the fishery in the Jate 1890s resulted in the
first regulations to protect the remaining sturgeon resource. In
1897, the state of Washington closed the commercial season
from March to November and required that all sturgeon under
4 feet long be released, Oregon enacted the same regulations
in 1899, and also prohibited the use of destructive Chinese
gang lines. Eventually, fish traps, fish wheels, and seines were
all outlawed.

For the next half century, commercial sturgeon harvests on
the Columbia rernained as a small incidental catch to salmon
gillnet fishing. Then, in 1950, more protective regulations
were enacted. On the basis of research by Oregon Fish Com-
mission biologist Alex Bajkov, a maximum 6-foot size limit
was adopted to protect the large broodstock. Additional regu-
lations adopted that year included a minimum 30-inch size
limit for sport-caught fish and a limit of five fish per day.
During the next several years, the sturgeon sportfishing regu-
lations were tightened further by decreasing the daily limit o
three fish per day (1951) and by increasing the minimum size
limit o three feet { 1958).

Twenty years after the adoption of minimum and maxi-
mum size limits, the Columbia sturgeon populations again
began to flourish. Sturgeon landings tripled in the 1970s and
continued to set record highs in the 1980s.

At present, commercial sturgeon fishing in the Columbia
River encompasses an area from the river's mouth to McNary
Dam. Within this area, there are two distinct fisheries sepa-
rated geographically by Bonneville Dam. All fishing by treaty
Indian tribes occurs above Bonneville Dam, an area infor-
mally set aside for their use, All non-Indian commercial
fishing occurs on the lower Columbia {i.e.. below Bonneville
Dam). Because this section of the river forms the border be-
tween Oregon and Washington, the commercial fishery is
managed jointly by both states under the autherity of the Co-
tumbia River Compact.
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Sections of the Columbia River spen to commercial sturgeon
fishing.

Recreational sturgeon {ishing occurs in many areas of the
Columbia and Snake rivers. Most of the fishing activity, how-
ever, 1s concentrated below Bonneville Dam, primarily in the
Columbia estuary, As with other sport fish, each state man-
ages the recreational fishery separately.

Lower Columbia Fisheries

A record harvest of approximately 72,000 sturgeon were
caught below Bonneville Dam by commercial and sport fish-
ermen in 1987. In terms of numbers of fish, this modern peak
calch is almost double the number of fish caught during the
historic peak catch of 1892.

The commercial harvest of white sturgeon in this section of
the river occurs at several different times of the year. Many of
the fish are harvested incidentally during the salmon gillnet

. seasons, There are also targeted sturgeon gillnet seasons dur-

ing the winter and summer.

The commercial harvest on the lower river is largely lim-
ited by size restrictions (gillnetiers can keep only fish four to
six feet in length) and the number of fishing days available.
As a result, the commercial harvest has remained fairly stable
over the past 15 years. In 1987, approximately 11,600 white
sturgeon were landed.

The recreational catch, on the other hand, has experienced
- some drarnatic increases—doubling over the past five years
and tripling in less than a decade. Sport fishermen must abide
by several regulations. Only sturgeon between three and six




1978, the sturgeon harvest was usually
 fewer than 1,000 fish. By 1984, the Indi-
= ans’ catch had increased to almost 3,000
fish; and by 1987, a record high of
11,100 fish were taken. The sport catch
in the three reservoirs has remained
fairly stable at an estimated 5,000 fish
anmually,

Gilinetiers on the lower Columbia harvest approxiniately [0.000-15 000 sturgeon each vear.
Although there are several target sturgeon fisheries: manv are caught as an incidental fish in
salmeon ners.

feet can be kept. There is also a daily limit of two legal fish
per day: however, there are no seasonal restrictions as the
sport fishery remains open all vear. Oregon currenily limits
the personal catch to 30 fish annually,

As salmon and steelhead fishing scasons have become
more restrictive because of resource conservation concerns.
more recreational anglers have started fishing for sturgeon. In
response to this increased interest. the charter fishing tleet has
also begun actively to market the opportunily to catch stur-
geon, and sturgeon are now the principal sport tish on the
lower Columbia, with angler trips exceeding 100,000 each
year since 1979. In 1987, a record 60,400 sturgeon were
caught.

Fisheries above Bonneville Dam

The other sturgeon tishery experienc-
ing rapid growth is the commercial In-
dian fishery in the Bonneville, The
Dalles, and John Day dam pools. Indian -
fishermen are allowed 1o sell legal-sized -
sturgeon (i.e., fish four to six feet in :
length) that are incidentally taken dur-
ing their salmon and steelhead setnet
seasons. They are also allowed a com-
mercial setline fishery that is open 10
months of the year,

The commercial catch by all Indian
tribes, using salmon set nets and stur-
geon setlines, has essentially doubled
every year since 1984. From 1960 to

The jump in harvest levels by treaty
Indians is largely the result of increased
fishing effort and changes in fishing
techniques. Beginning in 1984, several Indian fishermen be-
gan vsing large-mesh sunken nets to target on sturgeon during
the salmon setnet seasons. This has proven to be a very suc-
cessful fishing method and has thus been adopted by an in-
creasing number of fishermen.
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Commercial sturgeon caich by wreary Indians above Bonneville Dam.

In addition to their commercial fisheries. treaty Indians are
also allowed to harvest sturgeor: for subsistence purposes.
The subsistence fishery is open year-round with 3—6 foor size
limits and no limit on the number of fish that may be taken.
Although no record is kept of subsistence catches, it is likely
that at least several thousand fish are used for subsistence
each vear.

It is in this section of the Columbia, between Bonneville
and McNary dams, that the greatest management concern cur-
rently exists. Recent tagging studies in the reservoir above
The Dalles Dam revealed a harvest rate of about 30 percent.
This catch rate is three times higher than what most research-
ers believe is acceptable for the long-term production of the
slow-maturing sturgeon. In an effort to reduce harvest rates,
the minimum size limit for sport fishing above Bonneville
Dam was recently raised from 36 to 40 inches. Aithough that
action provides some immediate protection for the fishery,
most acknowledge that 1t is not a long-term solution to the
problem.

Sturgeon management in the reservoirs above Bonneville is
complicated by a number of factors. In the past. management
in the Columbia system has been
based largely on early research con-
ducted on the lower Columbia River
stocks. However, as the researchers
have uncovered differences berween
the various stocks, new questions
have emerged regarding how the iso-
lated reservoir populations should be
managed.

Columbia cach vear.

Another problem exists because of
the great incentive for poaching
oversized fish. An B-foot female stur-
geon, for example, could bring the
tllegal fisherman as much as $1,500
for the meat and roe. It is these large
fish, targeted by poachers, that are
the brood fish so important to the
future of the fishery.
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To prevent poaching large fish for roe, non-Indian fisher-
men must sell their catch whole, Indian fisherman, however,
can sell gutted fish to commercial processors as long as the
head and tail are still attached.

The problem is further complicated by the fact that even
though most Indians abide by the 6-foot maximum size limit,
some have claimed the right to take larger fish for subsis-
tence. While these subsistence catches cannot legally be sold,
they do not have to be recorded so it is uncertain how many
large, mature fish are also being removed.

ESEARCH EFFORTS

For years, sturgeon have ranked behind salmon and steel-
head in relative importance to anglers and researchers. Now,
with interest in sturgeon running at an all-time high, research-
ers from state and federal agencies have stepped up efforts to
collect and update management information. Several studies
are currently underway to gather much-needed information.
One study, funded by the Bonneville Power Administration,
1s attempling to estimate what effect hydroelectric dams have
had cn the sturgeon populations. Sturgeon from The Dalles
pool are captured, examined, tagged, and released in an effort
to gain information on growth rates, population size, and
natural mortality. This information will then be compared to
the results of a second, related study of sturgeon in a “pre-
dam” environment below Bonneville,

These oversized sturgeon represent onfy a few of the many brood fish taken illegally from the
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Adult sturgeon from The Dalles pool are examined ro collect infor-
mation on the spawning poiential of the reservoir populations.

Information on sturgeon reproduction, early lite history,
and habitat requirements is also being collected. Using a vari-
ety of nets and sampling techniques, eggs, larvae, and juve-
nile fish are being captured above and below Bonneville
Dam. When completed, these studies will help define the type
and amount of habitat that is available for spawning and rear-
ing sturgeon. The studies will also shed new light on spawn-
ing success in the mainstem reservoirs.

A BPA-funded study is also underway on the Kootenai
River in Idaheo, There, the ldahe Department of Fish and
Game and the Kootenai Tribe are looking into factors limiting
natural production and will be assessing the feasibility of
sturgeon culture. On the Snake River, a sturgeon culture ex-
periment has been undertaken by the Idaho Department of
Fish and Game and the College of Southern Idaho.

Sturgeon are not the only ones under investigation. Addi-
tional research information is alse being collected from rec-
reational sturgeon anglers, who are now being asked to record
their catch on a sturgeon puncheard. The puncheards will pro-
vide new data on sturgeon harvest rates and will also help
cover some research expenses. All of this information is cru-
cial in developing future programs to protect and enbance
sturgeon populations in the Columbia Basin.

Over the past decade, thousands of sturgeon have been captured, tagged and then released to
determine population abundance, growth, survival and migration.

TURGEON CULTURE

With the decline of sturgeon catches in some areas of the
Columbia, the possibility of sturgeon haicheries is being stud-
ied. The concept of using hatcheries to augment wild sturgeon
populations is not new, Nearly 4 century ago, the U.S. Fish

.Commission started a hatchery program on the Delaware

River. The early attempts had only limited success, however,
as the sticky sturgeon eggs usually clumped together and suf-
focated.

By the 19505, Russia’s sturgeon stocks were in trouble be-
cause of dam building on the Volga and Don rivers. Soviet
scientists, intent on developing a sturgeon hatchery program,
discovered that silt could be mixed with the sturgeon eggs to
inhibit clumping. The same scientists also pioneered the use
of hormone injections to induce spawning. Today, the Soviel
Union has one of the world’s largest fish hatchery programs,
and each year releases more than 100 million sturgeon finger-
lings into the Caspian Sea.

Sturgeon Culture in the United States

The success of sturgeon hatchery efforts in the Soviet Un-
ion has ¢reated renewed interest in sturgeon research and
hatchery development in the United States. In 1980, Professor
Serge Doroshov (who had conducted sturgeon research in the
Soviet Union before moving to the United States} demon-
strated at the University of California-Davis that he could
hatch white sturgeon by catching adulis in the wild and
hormonally inducing ovulation and sperm production. Doro-
shov also showed that strgeon fry and fingerlings could be
raised in ponds, tanks, or raceways on artificial feed.

This new hatchery technology for
white sturgeon has stimulated the
creation of a growing commercial
sturgeon aquaculture industry. Cali-
fornia presently has 12 private stur-
geon hatcheries and 10 growers, with
others planning to enter the field.

Several sturgeon characteristics
have caught the attention of commer-
cial growers:

+ They have firm flesh that is tra-
ditionally in demand in North Amer-
ica and Europe.

Gayle Kreitman/Washin




» Although the sturgeon is a delicale creature as a fry and
fingerling, it becomes an extremely hardy animal capable of
tolerating wide ranges in water quality.

» The optimum rearing temperature of white sturgeon is
between the 15°C optimum of rainbow trout and the 30" C
optimum of catfish. Therefore, sturgeon offers culture oppor-
tunities in locations not suitable for these other two species.

» Through the use of warm water and generous diets. stur-
geon can be raised to 1-2 pounds in one year and 68 pounds
in two years.

+ Sturgeon can be raised in tanks or raceways on artificial
feed, achieving feed-to-weight conversion ratiosof 1.5to 1 or
better.

To date, most sturgeon aguaculture production in Califor-
nia has been for fingerling sales to other growers in the
United States and Europe, and to the aquarium trade. With the
increase in 8- to 12-pound inventories, growers have now
started selling food-sized fish to the “white tablecloth” restau-
rants. In the meantime, prowers are also attempting to rear
their own broodstock—first for breeding and possibly later
for caviar production,

Randy AndersunfWashington Sea Grant

California farm—raised sturgeon on their way to East Coast
restaurants.

The American sturgeon farm industry began in 1980 and is
still considered to be in a phase of research and development.
Most questions for large-scale production have been an-
swered, however, and one of the major problems now is to
match production with the market.

Although still in its infancy, California‘s

- emerging sturgeon aquaculture industry has at-
tracted considerable attention from the general
public and private aquaculiurists. Sturgeon from
the Columbia River are now being viewed as the
potential stock for similar ventures in the Pacific
Northwest.

Overview of Culturing Techniques

The following section presents a brief overview of the cur-
rent techniques used in the culturing of white sturgeon. The
techniques are adapted from a detailed hatchery manual re-
cently developed by extension and research personnel at the
University of California—Davis (Conte et al. 1988).

Broodstock

The broodstock used in commercial sturgeon aquaculiure
can be grouped into three categories: 1) mature fish that are
captured in the wild and are ready 1o spawn; 2} fish capiured
in the wild that will require holding and further maturation
before spawning; and 3) hatchery-produced fish that are being
reared as future broodstock. The first efforts to establish cap-
tive broodstock of white sturgeon were initiated in the early
1980s at University of California~Davis. These hatchery-pro-
duced fish represent the oldest generation of haichery-reared
whitc sturgeon. Males from the 1981 year class have pro-
duced viable sperm at the age of 4 years ( in compartson to 12
years in the wild}. To date, however, the females from this
same year class have not reached sexual maturity,

Until captive female broodstock is available, the sturgeon
farmers must continue to rely on wild stocks for eggs. The
California sturgeon producers, for example, capture mature
females in the Sacramento or San Joaquin River, hormonally
induce ovulation, then surgically remove the eggs. The eggs
are then fertilized with milt from male stock, and the fry are
raised in tanks or raceways on commercial trout feed. After
the eggs are removed, the females are sutured, held until re-
covered, then returned to the river.
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Sturgeon broodstock taken from spawning areas often ex-
hibit signs that will help indicate their sex. Mature spawning
females are generally recognized by an enlarged, soft abdo-
men. Mature males are recognized by the presence of milt,

determined by applying gentle pressure to the postericr ab-
dominal region,

Induction of Spawning

Since captured sturgeon may not be ready to spawn, the
broodstock are taken to the hatchery and injected with hor-
mones fo induce the spawning process. The most frequently
used hormone is from the pituitary gland of the common carp
(acetone-dried common carp pituitary gland powder~CCP).

The hormone is administered to the females in two separate
injections with the total dose based on the weight of the fish,
The first injection contains only 10 percent of the total dose.
The final injection is given 12 hours later. Males are given
only one injection 2—6 hours before the female's final
“injection.

Conite ¢l al. 1988

Milt Extraction

Milt can be collected several hours before use in egg fertili-
zation, The first sign that a male sturgeon is ready to spawn
may be a cloudiness that develops in the holding tank’s water
caused by the release of a small amount of sperm. Milt is col-
lected by using a plastic syringe equipped with a short piece
of tubing. The fish is placed on its back and the tube is in-
serted into the genital opening. As the abdominal area is mas-
saged, milt is released into the genital collecting ducts and
then removed using the syringe. If the milt will not be used
immediately, it can be stored for up to 12 hours by refrigerat-
ing the collection syringes.

12

Egg Extraction

Ovulation can be expected 2040 hours after the female’s
final injection. The first indication that the female may be
ready to spawn is the appearance of several eggs stuck to the
sides or bottom of the holding tank. The fish is then removed
from the tank and positioned on its back on a stretcher. A wa-
tertube is placed in the mouth to keep aerated water flowing
over the gills. After the abdominal area is disinfectaed, a small
incision is made to expose the eggs. The eggs are removed
using a stainless steel or plastic spoon and then placed in
stainless steel bowls. After the eggs are removed, the incision

is sutured and the fish is returned to the holding tank for
Tecovery.

Egg Fertilization

Fertilization is accomplished by pouring the diluted milt
solution into the bowl containing the eggs. The eggs and milt
are then mixed by hand for up to three minutes or until the
first sticky eggs are neticed. The excess liquid is then poured
off and the de-adhesion process is started immediately,

Chnle et af. [988
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Egg De-Adhesion

Under natural spawning conditions, silt in the river keeps
the eggs from sticking together. This same condition is thus
replicated in the hatchery. To start the de-adhesion process, a
silt suspension (water and silt) is poured into the bowl con-
taining the fertilized cggs. The mixture is then gently stirred
by hand until the eggs have lost their stickiness. The process
may take as little as 20 minutes or as much as an hour. The
silt suspension is replaced every 10 minutes to ensure that the
proper temperature and oxygen levels are maintained.

Egg Incubation

Maost of the existing sfurgeon hatcheries use a two-stage
incubation system incorporating modified trout egg barrels
and a MacDonald jar system. Eggs are first placed in the egg
barrels and then transferred after several days to the
MacDonald jar system.

The MacDonald system consists of a head tank, a series of
jars that contain the eggs, and a catch basin. Water (14-16°C)
is passed through an ultraviolet sterilizer into the head tank
and is then distributed to the individual jars. The systern is
designed to provide a constant flow of walter that will gently
move the eggs. As the water flows out of the jars, it is col-
lected in a trough and delivered to the catch basin.

Hatching occurs approximately seven days after fertiliza-
tion. When the eggs are nearly ready to hatch, the systemn is
converted so that the water flowing out of the jars goesto a
fry collection tank rather than the catch basin. As the eggs
hatch, the water flow carries the young fry to the top of the jar
and eventually to the collection tank.

Modified trout egg barrel
used in the early incubation
of sturgeon eggs.

Sturgeon eggs in MacDonald jurs after waier flow is
initiated.

Early Rearing

Optimum rearing systems for young sturgeon are still
evolving. Most of the existing systems are based on eguip-
ment used in rearing other fish species. Square, rectangular,
and circular tanks have all been used successfully.

Hatchery rearing of fingerling sturgeon is currently one of
the most difficult aspects of production. For several days after
hatching, the young frv subsist on their yolk reserves. Within
12 days the fry use up their egg sacs and must find food.
Since prepared sturgeon rations have not yet been fully devel-
oped, aguaculturists have used the same pellet feeds used in
rearing salmon and trout. While these feeds will nourish stur-
geon, efforts are being made to develop specific sturgeon
diets to reduce early stage mortalities,

Circular and rectangular fiberglass
tanks used for early rearing of
sturgeon fry.
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Growout

Sturgeon growout facilities are a rather new development,
and a wide varicty of systems are being tested. Large tanks,
ponds, and raceways are ail being tried by different commer-
cial growers.

Like that of many other aquatic species, a sturgeon’s
growth rate is highly responsive to water temperatures. Re-
searchers at University of California-Davis have found that
sturgeon fingerling growth increases dramatically when water
temperature is increased from 15 to 23°C. When reared at the
23°C optimum, sturgeon exhibit growth and feed efficiency
rates that are similar to catfish culture and much higher than
the rates currently obtainable with salmon and trout culture,

Through the use of warm water and artiticial feeds, it takes
growers about 30 months to produce a 10-pound food-sized
fish. To date, most of these fish have been shipped for sales in
Sacramento, San Francisco, and New York restaurants.

As growout techniques have become more refined. the top
industry priority is now to produce mature females from the
cultured stock. This will decrease the dependence upon the
risky and expensive method of caiching large. mature females
in the wild. More efforts are also being aimed at developing
cost-etfective commercial feeds and more efficient feeding
strategies.

Sturgeon Culture in the Northwest

Although California has been actively pursuing the stur-
geon {urming industry, developments in the Pacific Northwest
have been limited. A private sturgeon hatchery operated by
California growers has existed in Oregen since 1981 at Cov-
ert’s Landing. four miles below Bonneville Dam. Most of the
young fish reared at this Jocution have been sold overseas or
have been used to support the sturgeon rearing operations in
California. Some of the production has also been given to
several state universitics and agencies in support of sturgeon
research projects.

In 1988, Oregon established a special permit system that
allows the development of additional sturgeon propagation
facilities and provides for the collection of up 10 18 oversize
female sturgeon each year for the purpose of obtaining cggs.
Under this new system, each permittee may collect up to six
females (over six fect) und twelve males (under six feet) for
spawning purposes. All fish used must eventually be returned
to the river in good condition. As mitigation, 5.000 finger-
lings from each female spawned must be made available for
stocking programs within the state. Permittees must also be-
gin developing their own captive broodstock eventually 1o
support their propagation activities. There are currently no
sturgeon growout facilities in Oregon or Washington, nor has
the state of Washington permitted any private sturgeon
hatcheries.

Most production jucifities curvently use large. fibergluss tanks for rearing sturgeon to marketable size.
P ) £ X 15 4
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HE FUTURE

For 200 million years sturgeon have been able to adapt and
survive the many natural changes in their environment, Yet,
in less than one sturgeon's lifetime, man has broughi this pre-
historic fish to the brink of extinction, and back again. If
nothing else has been learned about sturgeon during the past
century. it should be clear that mismanagement of this impor-
tant resource or its habitat can have very rapid and disastrous
Consequences.

Biologists have already detected signs indicating that stur-
geon populations in some areas of the Columbia may be in
serious trouble. Some emergency regulations have been
passed to reduce the risk of overharvest. Whether these meas-
urcs will be enough to offset the escalating harvests is still
only speculation. Ultimately, additional regulations such as
-reduced fishing times, lower bag limits, and/or sanctuary ar-
eas will be needed to protect the spawning broodstock.

Whether or not additional sturgeon hatcheries become a
reality in the Pacific Northwest remains to be seen. Judging
from the success of the hatchery programs in the Soviet Un-
Aion and elsewhere, the possibility of enhancing wild sturgeon
populations in areas of the Columbia and Snake rivers seems
promising. Before enhancement efforts can be planned. how-
“ever, additional information is needed on the conditons limit-
Ing existing sturgeon populations. For example, enhancement
through stocking hatchery-raised sturgeon fry will probably
not occur below Bonneville Dam because there spawning
success does not appear to be the limiting factor. In contrast,
some of the isolated reservoir populations might benefit from
hatchery plants since the exploitation rate appears to be high
and recruitment limited. Food availability, however, may be
another limiting factor in these areas.

Development of a hatchery program for supplementing de-
pressed wild stocks will also require additional information
on the genetic makeup of fish that reside in different locations
of the river. Then if enhancement efforts are justified, the
populations can be reinforced from their own resident gene
pool.

The element of time becomes

increasingly important in any
£ management plans considering

Ehatchery supplementation. Be-
. 3 cause of information gaps de-
7 scribed above, an acceptable stur-
e < geon hatchery program waould
b ¥ likely take years to implement_ It
* would then take approximately 12
more years before the first hatchery fish entered the fishery.

Sea Grant

The potential for additional private hatchery developments
along the Columbia has raised a number of concerns. The one
existing hatchery operation has handled only relatively small
numbers of spawning fish. Until captive broodstocks are de-
veloped, however, any new hatcheries will also have to rely
on the capture of wild, mature fish for their operation. If in-
creased numbers of spawning fish are to be taken. there is
insufficient information to measure what impact this may
have on the river populations.

An additional concern is the fact that the state of Washing-
ton has not yet permitted any private sturgeon hatcheries.
Since Oregon and Washingion must co-manage the anadro-
mous resources of the Columbia River, aconsistent policy
between the states is essential.

Probably the biggest factor that will limit development of
sturgeon growoul facilities in the Northwest will be the
availability of water at the 23°C optimum rearing tempera-
ture. Most groundwater temperatures in this region are too
low 1o support a commercial operation: however, the possi-
bilities for geothermal and waste-heat aquaculiure do exist,

In attempting to deal with the problems and opportunities
associated with Columbia River sturgeon, much can be
learned by taking a closer look at California’s sturgeon expe-
rience. Because of an innovative and aggressive research pro-
gram, a great deal has been learned about sturgeon reproduc-
tion, nutrition, physiology, and disease. These efforts have
not only spawned a new private industry, but have also con-
tributed information useful in managing wild sturgeon stocks.

Private sturgeon growers, in turn, are multiplying these re-
scarch benefits by working closely with researchers on feed-
ing strategies, rearing systems, and broodstock development,
Furthermore, these growers are developing the facilities and
cxpertise that may someday help wild swrgeon stocks in Cali-
fornia and across the country.

Only through similar forms of innovation, committment,
and cooperation can the best use of Columbia River sturgeon
be guaranteed,

15




BIBLIOGRAPHY

Bajkov, A.D. 1949, A preliminary report on the Columbia River
sturgeon. Oregon Fish Commission Research Briefs 2:3-10.

Bajkov, A.D. 1951. Migration of white sturgeon (Acipenser frans-
maontanys) in the Columbia River. Oregon Fish Commission Re-
search Briefs 3(2):8-21.

Bardach, J.E.. ] H. Ryther, and W.0. McLarney. 1972, Culture of
sturgeon. Pages 520-528 /n Aquaculture. John Wilay & Sons,
Inc., New York, NY.

Beer, K. 1982, Enthusjastic operation on West Coast begins com-
mercial sturgeon hatching. Aquaculiure Magazine 8:4-5.

Beer, K.E. 1983. Commercial feasibility of white sturgeon culture,
Abstr. AFS 113th Annnal Meeeting, Milwaukee, Wi, Aug 16-20,
1983, p. 103.

Binkowski, F.P. and §.I. Doroshov, eds. 1985, North American stur-
geons: biology and aguaculture potential. Dr. W. Junk Publishers,
Dordrecht. 163 pp.

Buddington, R.K., and 8.1. Doroshov, 1984, Feeding trials with
hatchery produced white sturgeon juveniles (Acipenser transmon-
tanus). Aquaculture 36;237-243,

Brannon, E.L.., C.L. Melby, und 5.D. Brewer. 1984, Columbia River
white sturgeon (Acipenser transmontanus) enhancement, Univer-
sity of Washington, Final Report to Bonneville Power Admini-
stration, Proj. No. §3-316. 43 pp.

Cleaver, F.C, 1951. Fisheries statistics of Oregon—sturgeon. Qregon
Fish. Comm. Contribution 16. 176 pp.

Cochnauer, T. 1983. Abundance. distribution, growth and manage-
ment of white sturgeon (Acipenser transmontanus) in the middle
.Snake River, [daho. Ph.DD. Dissertation. University of 1daho,
Moscow, ID.

Cochnauver, T. 1983, Status and management of white sturgeon in
Idaho. Abstr. AFS 113th Annual Meeting, Milwaukee, WL Aug
16-20, 1983, p.105.

Cochnauer, T.C., and J. Lukens. 1984. Where have all the sturgeon
gone? Acipenser transmonianus throne is shaky, 1daho Wildlife,
May—June, pp. 4-6.

Conte, F.5., S.I. Doroshov, P.B. Lutes, and E.M. Strange. 1988,
Hatchery manual for the white sturgeon Acipenser transmaontanies
Richardson: with apptication to other North American Acipenseri-
dae. University of California, Division of Agriculture and Natural
Resources, Pub. 3322, 104 pp.

Coon, 1.C., R.R. Ringe, and T.C. Bjornn. 1977. Abundance, growth,
distribution and movements of white sturgeon in the mid-Snake
River. Final Report 1o Office of Water Research and Technology,
prepared by Forest, Wildlife and Range Experiment Station. Uni-
versity of Idaha. 63 pp.

Craig, LA, and R.L. Hacker. 1940. The history and development of
the fisheries of the Columbia River. U.S. Bureau of Fisheries Bul-
letin 49(32):133-216.

Cuplin, P. 1955, The white sturgeon. [daho Wildlife Review 7(5)4.

Dees, L.T. 1961, Sturgeons. Bureau of Commercial Fisheries Leaflet
No. 526. 8 pp.

Doroshov, 8.1. 1983. Swurgeon culture. Abstr. AFS 113th Annual
Meeting, Milwaukee, W1, Aug.16-20, 1983, p.101.

Doroshov, 5.1., W.H. Clark, Jr., P.B. Lutes, R.L, Swallow, K.E.
Beer, A.B. McGuire, and M.D. Cochran. 1983, Artificial propaga-
tien of the white sturgeon, Acipenser transmontaris Richardson.
Aquaculture 32(1-2):93-104.

Fickeisen, D.H., D.A. Neitzel, and D.I>. Dauble. 1984, White stur-
geon research needs: workshop results. PNL-4950, Battelle
Pacific Northwest Laboratory. Richland, WA,

Finley, C. 1983, Setline fishery sparks controversy over Columbia
River’s sturgeon. National Fisherman 64:18-19.

Galbreath, J. 1979. Columbia River colossus—the white sturgeon.
Oregon Wildlife 34(3):3-4.

Galbreath, J.L. 1983. Status, life history, and management of Co-
lumbia River white sturgeon, Acipenser transmonianus, Pages
119-125. in North American sturgeons: biology and aquaculture
potential. F.P. Binkowski and S.1. Doroshov, eds. Dr. W. Junk
Publishers, Dordrechr,

Gudger, E.W. 1942, Giant fishes of North America. Nat. Hist.
49:115-121.

Haynes, J.M., R.H. Gray, and J.C. Montgomery. 1978. Seasonal
movements of white sturgeon (Acipenser transmontanus) in the
Mid-Columbia River. Transactions of the American Fisheries So-
ciety 107(2):275-280.

Hess, 8.5, 1984, Age and growth of white sturgeon in the lower Co-
lumbia River, 1980-1983. Oregon Department of Fish and Wild-
lite 15 pp.

Kohlhorst, D.W., Lee. W. Miller, and J.J. Orsi. 1980. Ape and
growth of white sturgeon coliected in the Sacramento-San
Joaquin estuary California: 1965-1970 and 19731976, California
Fish and Game 66:83-95.

Lindley, D.W. 1983. White sturgeon comes 1o California. Aquacul-
ture Magazine 10(13:22-24.

Malm, G,W, 1981. White sturgeon (Acipenser transmontanius) popu-
lation characteristics in the Bonneville Reservoir of the Columbia
River (1976-78). U.S. Fish and Wildlife Service, Fisheries Assis-
tance Office, Vancouver, WA. 28 pp.




McGuire, A. 1979. The big fish—restoring Califomia’s sturgeon
population. California Agriculture 33(10):4-6.

McGuire, A.B. 1980, First U.S. sturgeon hatchery started at Univer-
sity of California Davis campus, Agquaculture 6(6):4-4.

Merrell, T.R. 1961. Unusual white sturgeon diel, Oregon Fish Com-
mission Research Briefs 8(1):77.

Monaco, G., R.K. Buddington, and S.I. Doroshov. 1981. Growth of
white sturgeon (Acipenser transmontunus) under hatchery condi-
tions. Journal of the World Mariculture Society 12:113-121.

Netboy. H. 1980. American set 10 farm the sturgeon. Fish Farming
International 7¢{4):24-25.

Parks, N. 1978. The Pacific Northwest commercial fishery for stur-
geon. Marine Fisheries Review 4(:17-20,

Schreiber, M.R. 1962. Observations on the food habits of juvenile
white sturgeon. California Fish and Game 48:79-80.

Tower, W.S. 1909. The passing of the sturgeon. A case of the unpar-
alleled extermination of a species. Popular Science Monthly
73:361-371.

Whitney, C.R. 1979. Where caviar comes by the ton. International
Wildlife 9:4-11.

"N ey i e

' ¥ Ty 5" ot j A/-’. .-u v’ .,

X Ve e tqcc‘cooc.&\"naa
._;.f:.r_“ B . e .. . N .. ‘ .

-t -

N

"‘:’4- pZ7

17




NATIONAL SEA GRANT DEPOSITORY
Pell Library Building - GSO
University-of Rhode Island
Narraganset!, Rl 02882-1197 USA




ACKNOWLEDGMENTS

Production of this publication was made possible through a
grant (14-16-0009-87-974} provided by the United States
Fish and Wildlife Service (USFWS), administered through
the USFWS Office of Extension and Publications. Additional
support was provided in part by grant NAS6AA-D-SG044,
PROJECT A/FP-7 (Marine Advisory Services), from the Na-
tional Oceanic and Atmospheric Administration to the Wash-
ington Sea Grant Program.

Special acknowledgment is extended 1o the following indi-
viduals for their contributions to various aspects of this publi-
cation: Gayle Kreitman, Washington Department of Fisher-
ies; James Galbreath, Steve King and Bruce Rieman, Oregon
Department of Fish and Wildlife; Curtis Burtey, Duncan
McDonald, Joseph McCraren, Merle Richmend, V. Daniel
Stiles and Tevis Underwood, U.S. Fish and Wildlife Service;
Steve Wille, Southwest Washington Anglers; Fred Conte,
Cooperative Extension, University of California~Davis; and
Mike Spranger, Carol Ovens, Terry Nosho and Al Krekel,
Washington Sea Grant.

Appreciation also goes to Bob Fridley, Serge Doroshov,
Joe Cech, Silas Hung and Raul Piedrahita of the University of
California—Davis Aquaculture and Fisheries Program for pro-
viding infomation on their sturgeon research efforts, and to
Ken Covert, Covert’s Landing; Peter Struffenegger, Sea
Farms of Norway; Jane Rundquist, California Sunshine Fish-
eries; and, Ken Beer and Ken Lawson, The Fishery, for pro-
viding the opportunity te visit their sturgeen facilities.

Special recognition is also given to Suzanne Higert for sec-
retarial support and to Lizbeth Hermansen and Sandra Noel
for preparing many of the photographs and figures used in
this report.

el

About the Author:

Randall 8, Anderson is a marine resources specialist with
Washington State University Cooperative Extension. As part
of Washington Sea Grant's Marine Advisory Services state-
wide network, he is in charge of the Columbia/Snake River
field office. He conducts educational programs that deal with
Columbia River resource and policy issues.

A consortium consisting of the University of Washington,
Washington State University, Oregon State University, and
the University of Idaho cooperatively administer the Colum-
bia/Snake River System component of Washington Sea
Grant.

This puolicatien is for sale. For information about single
copy or bulk copy rates, contact:

Washington Sea Grant or
3716 Brooklyn Ave. N.E.
Seattle, WA 98105

(206) 3436600

Washington Sea Grant
1919 N.E. 78th St.
Vancouver, WA 98665
(206) 6966018

Washingron Sea Grant programy and services ave available to all

H > 00

without diserimination.

|
R o T
i S

19




