Depending on one's piscatorial pref-
erence, either the salmon or steelhead
normally ranks as king of fishes among
the angling fraternity of the Pacific
Northwest. Thus, when events occur
that can adversely affect the well-being
of these species, all hell breaks loose.
Such was the occasion when the spec-
tre of nitrogen supersaturation and its
lethal effects on fish in the Columbia
Basin began to emerge in the late
1960s. Few regional environmental
crises have drawn more attention, have
created more furor, or have been at-
tacked in a more vigorous and positive
manner.

What is nitrogen supersaturation,
how does it result, and why is it dan-
gerous to fish?

The term “nitrogen supersaturation”
has fallen into common use (largely

Top—Gas bubble disease in salmon
fry.—Note the bubbles on the trout
which will eventually rupture and
cause a secondary infection.
Middle—One of many dams on the
Snake and Columbia rivers.
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A Disaster or
Blessing in Disguise

By Carl H. Elling and Wesley J. Ebel

through convenience) to describe a
condition known as excessive total dis-
solved gas pressure. Air is composed
of nitrogen (78%), oxygen (21%), ar-
gon (0.9%), and minor fractions of car-
bon dioxide, neon, and helium. Each of
the component gases in air exerts a
measurable pressure; the sum of these
pressures constitutes atmospheric or
barometric pressure. When these gases
are dissolved in water and the sum of
their pressures is greater than that in
air, supersaturation occurs. Because
air is nearly four-fifths nitrogen, refer-
ences to the gas supersaturation prob-
lem have invariably highlighted nitro-
gen even.

Excessive gas pressure (supersatu-
ration) results when more gas is dis-
solved in water than can be transferred
back to the atmosphere in time. Super-
saturation can be caused by several
factors—e.g., algal blooms, rapid in-
creases in water temperature, or water
falling from heights into deep plunge
basins. The latter factor has been
shown to be the primary cause of nitro-
gen supersaturation in the Columbia
and Snake rivers. Large volumes of

water discharged through spillways at
dams plunge into deep pools below the
dam, forcing entrapped air into solu-
tion with the water. Under the great
hydrostatic pressures prevailing at
depths of 40 feet or more in the spill-
way basins, the gases are dissolved
and continually added to the water as
long as spilling continues at the dams.
In free-flowing rivers, where riffles and
cascades provide for quick release of
dissolved gases, supersaturation rarely
becomes a problem because gas pres-
sures in water rapidly return to the
atmospheric level. This is called equil-
ibration.

Because of dams, most of the Co-
lumbia River (and a major portion of
the lower Snake River) is now a series
of impoundments. Thus, the long suc-
cession of pools no longer provides for
the circulation that is necessary for
rapid release of dissolved gases. As a
result, gas pressures never completely
equilibrate.

Now how does all of the foregoing
chemistry and physics affect fish?
Salmon and steelhead migrating in
supersaturated waters contract what is

Continued on page 36
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IRISH RAIN

watched its reflection in the mirrored
underside of the surface. When the
nymph met up with its reflection, the
curved jaw opened, sucking in the
water around it. As the heavy jaws
closed the water flowed out through
the gill rakers, and the tiny fly was
caught.

The big trout was not alarmed at
first, but as he dropped down from his
rise position something pulied his head
to the left. Angrily, he shook his head,
some of the olive nymphs coming up
from his gullet and floating away as his
powerful tail pushed him down through
the pool. Near the tail of the pool he
turned and swam into the bed of but-
tercups where he frightened several
salmon parr eating snails and shrimps.
Now, the pressure on the side of his
jaw was gone, but the thing that had
stung him was still there.

With his slender rod only slightly
bent because he had eased the pres-
sure on it as the big trout dashed down-
stream, the young angler climbed out
of the water and up the grassy bank.
The older man was at his side as they
ran downstream.

The big trout felt the vibrations of
the footfalls and increased pressure on
his jaw as he hid under the dancing
weeds. A large eel slithered out from
under the bank and, frightened, he
leaped into the air. The anglers on the
bank saw the huge golden side and
they trembled with excitement.

The trout moved toward the head of
the pool, and he was only yards from
his hide when with new pressure he
turned again to go downstream. In his
fear, he lost all sense of direction, but
he found a quiet pocket of water be-
hind a large stone where he rested. As
his body was being drawn upward, he
kicked feebly with his tail, and through
the cone of his window, he could see
two huge, broad shapes hovering over
the water. When the big trout floated
to the surface, the American slipped a
net under him.

The fisher weighed, measured, and
photographed the heavy trout. After
this, gentle hands lifted him into the
water, and when his strength returned,
the fish dropped down to the bottom
and slowly made his way upstream
toward his lie. Never again would he
rise to olive nymphs. He would hide in
the weeds and eat the shrimps and
water lice.
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Later that week, a large trout was
seen taking emerging olives at the head
of the Apple Tree Pool.

And as the two anglers went on
downstream, they hardly noticed that
the Irish rain had begun again.
Al A Sy
SAVE A RIVER—THE CARSON
ful brief for submission to the Supreme
Court. The work far exceeded what any-
one had anticipated and the conse-
quent costs exceeded the maximum
estimates. Fran donated the difference
for which all of Trout Unlimited should
be most grateful.

The case was presented before the
Supreme Court. And then months
passed waiting for the decision.

When it came, Trout Unlimited and
the people of Nevada had won. The
Carson River was determined to be
navigable and a relatively new precept
introduced by Trout Unlimited's brief
was put forth in the opinion of the
Court. Expressed in the Court’s opinion
was "“The Public Trust Doctrine in
Natural Resource Law” which holds
that the states hold title to the beds of
navigable watercourses in trust for the
people of their respective states! In
addition, the Court determined, as a
first and historic case, that “Although
no Supreme Court case has expressly
based its decision of title navigability
on the capacity of a stream to float out
logs” it now states that this is a basis
for determination of navigability. In the
West this is a monumental case with
implications of use extending to “any
commercial purpose” and/or recre-
ation.”

There is a satisfaction in the small
Nevada Chapter that we can do it when
we need to. We accomplished what we
set out to do and with even more pride,
we did the job without help from Trout
Unlimited’s National Treasury. We chal-
lenge any Chapter to accomplish that.

NITROGEN SUPERSATURATION
known as gas bubble disease. The af-
fliction is similar to the bends in deep-
sea divers, which results from an over-
dose of nitrogen in the blood stream
due to rapid ascent of the diver from
depths. Fish, however, can suffer from
gas bubble effects merely by remain-
ing in supersaturated surface waters,
i.e., without experiencing a drop in
hydrostatic pressure.

The process of gas bubble forma-
tion in fish has yet to be fully explained.

Presumably, minute gas nuclei are
taken in through the gills where they
enter the bloodstream and develop
into microbubbles which eventually
grow in size by diffusion of gas mol-
ecules into the initial bubbles. Evidence
of gas bubble symptoms usually ap-
pears initially on the exterior surfaces
of the fish. Bubbles are noted along
the lateral ling, then in the fins, body
skin, and head. If confined to these
areas, the affliction is usually not lethal
but can result in ruptures of the eye
or skin, resulting in blindness or sec-
ondary infection and possibly death.
Most fish, however, are killed outright
by bubble blockage of the main arterial
system or heart which can occur before
bubble formation on the exterior sur-
faces. Death can result in less than 24
hours depending on level of gas super-
saturation, hydrostatic pressure, size
and species of fish, etc.

Although gas bubble disease was
first reported in fish nearly 75 years
ago, evidence that the disease might
be a problem in the Columbia Basin
did not come to light until mid-1965.
In June of that year a biologist of the
Washington Department of Fisheries
reported on a recent survey of nitrogen
concentrations in various sectors of the
Columbia River. The survey indicated
that supersaturated levels of dissolved
nitrogen prevailed in the Columbia
from Grand Coulee to Bonneville Dams!

Following the initial release of in-
formation that a new and potentially
serious problem might be developing
in the Columbia River, there began a
gradual and methodical assembly of
data on the prevalence, causes, and
effects of gas supersaturation in the
basin. Additional water surveys by the
Bureau of Commercial Fisheries (now
National Marine Fisheries Service) in
1966 and 1967 verified that supersatu-
ration did indeed occur and that on oc-
casion the supersaturated waters ex-
tended throughout the Columbia and
even into the estuary.

These studies further demonstrated
that supersaturation was seasonal and
associated with the spilling of water at
dams and that water passed through
turbines does not supersaturate. Nor-
mal high flows in the Columbia and
Snake rivers occur in the spring and
early summer, largely from snow melt
in the mountainous interior regions. At
this time river discharge is usually far

Continued on page 38
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in excess of that which can be passed
through the turbines. Hence, all sur-
plus flows must be discharged through
the spillways. Once the river flows re-
cede and spilling ceases, the waters
rapidly return to normal saturation.

Unfortunately, the timing of high-
river discharge coincides with the pe-
riod of major migrations of juvenile and
adult salmonids—young salmon and
steelhead migrating to the sea and the
adults homeward bound for the spawn-
ing grounds, all in concert with a de-
teriorating river environment.

Initial studies with juvenile fish held
in cages in supersaturated river water
demonstrated that fish in surface wa-
ters could be killed in a comparatively
short period, but those held at depth
generally survived and showed no ill
effects. These observations bore out
the role of hydrostatic pressure in gas
bubble formation. Fish held in surface
waters rapidly developed the classic
symptoms of gas bubble disease. Those
held at depth did not, the explanation
being the hydrostatic pressure pre-
vented the formation of gas bubbles. In
other cage tests where the fish were
permitted to range from the surface
to depth (as might occur during normal
migration in the river), some fish were
lost but overall survival was signifi-
cantly higher than that of fish held on
the surface.

With these fragmentary beginnings,
the search continued for more con-
crete evidence of actual losses of fish
in the river. First indications of the
severity of the nitrogen problem in the
Columbia came in the spring of 1968
with the completion of John Day Dam.
As was characteristic at the time, the
dam went into operation with no tur-
bines on the line. These were to be in-
stalled in subsequent months and years
as funds became available and the con-
tractor fulfilled orders for turbine de-
liveries. As a consequence, all flows of
the Columbia River had to be passed
through the spillways of the John Day
Project. The result was a horrendous
maelstrom below the dam. Nitrogen
gas levels downstream from the spill-
way soared to as high as 145% (100%
is considered normal saturation)! Dur-
ing the same period, a large migration
of adult Chinook salmon was headed
upstream for the spawning areas in the
upper watershed.As they approached
John Day Dam, they had to probe their
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way through the massive turbulence
and nitrogen-laden waters to enter fish-
ways and ascend the dam. What fol-
lowed shouldn’t have been too surpris-
ing, but no one really anticipated the
outcome would be as bad as it was.

Daily counts of fish are made at
each dam as the various species pass
through the fishways. Thus, the fish-
ery agencies are constantly apprised
of the progress of a given run of fish
at various points in the river system.

Therefore, in 1968, it was known that
a given number of Chinook salmon had
passed Bonneville and The Dalles Dam
and were headed upstream for John
Day Dam. Based on past experience it
could be expected that several days
would be required for the fish to reach
John Day and that some fish would be
unaccounted for (or lost) due to the
rigors of migration. First indication of
trouble came when passage of the run
at John Day lagged many days behind
that expected, indicating a serious de-
lay of fish was probably occurring be-
low the dam. Finally the run did pass
the dam, but the cruncher came when
the Fish Commission of Oregon es-
timated that over 20,000 Chinook
salmon were missing!

Implications of the John Day disaster
were that the delay of fish below the
dam, coupled with the abnormally high
nitrogen supersaturation, caused a
high percentage of the mortalities.
Many fish were observed in the fish-
ways with body blisters, swollen or
ruptured eyes, and other usual symp-
toms of gas bubble disease. Hundreds
of dead salmon were also counted as
they floated downstream below the
John Day area.

One of the first recommendations to
come out of the John Day fiasco was
that in future construction of dams at
least one or more turbines should be
operable when the reservoir is filled.
Such action would reduce the amount
of flow over the spillway and conse-
qguently lessen the level of supersatura-
tion below the dam.

With the completion of the John Day
project, the Corps of Engineers fo-
cussed attention on development of
the lower Snake River for power and
navigation. Ice Harbor Dam, near the
mouth of the Snake, had already been
completed in 1962 and two other dams
—Lower Monumental and Little Goose
—were nearing completion. A fourth
dam—Lower Granite—was also on the
drawing boards. Because the Snake

River drainage provides spawning areas
for a large portion of the Columbia’s
spring and summer Chinook salmon
runs plus major runs of steelhead,
projected effects of the new dams on
fishery resources were of prime im-
portance to the fishery agencies.

In 1966 studies were initiated at Ice
Harbor Dam to acquire information on
the movements and survival of juvenile
salmon during their migrations down
the Snake River. Young salmon were
marked and released in the Salmon
River, the most important Chinook
salmon producer in the Snake River
system. Recovery of these fish at Ice
Harbor Dam, some 250 miles down-
river from the Salmon, provided data
on numbers of juveniles migrating
down the Snake River, survival during
this migration, and the speed at which
fish traveled. This information was then
related to prevailing environmental
conditions—the volume of river dis-
charge, water temperature, gas con-
tent of the river, and turbidity.

By the fall of 1970, sufficient data
had been collected by the National
Marine Fisheries Service to make an
assessment of the effects of changing
river conditions on the fate of young
salmon. Two new dams had been added
to the network during the period of
study—Lower Monumental in 1969 and
Little Goose in 1970. This then allowed
comparison of data collected before
additional dams were constructed in
the Snake (1966-1968) with those
taken in a post-dam period (1969-
1970).

Essentially the study showed that be-
fore the dams were built, young fish
moved rapidly downriver and suffered
little or no losses; water quality was
good and fish arriving at lce Harbor
Dam were in excellent condition. Fol-
lowing construction of the new dams
and further impoundment of river
flows, fish migrations were delayed,
water quality deteriorated due to super-
saturation from the spillways, and fish
survival plummeted even worse than
the stock market in 1970. Further-
more, fish examined at Ice Harbor
were in poor condition, many showing
evidence of gas bubble disease. The
severity of the situation could be rec-
ognized in the estimate of fish survival
during the downstream migration of
1970. Survival was only 30% to 40%
of that in the period before dams! The
obvious implication was that nitrogen
was the primary culprit.

Continued on page 40
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Within two months the Corps’ Walla
Walla District had initiated a contract
with the National Marine Fisheries
Service to conduct a study on the feasi-
bility of collecting and then transport-
ing young salmon around hazardous
areas in the Snake and Columbia
Rivers. Giant fish screens were built
and inserted in the intakes of turbines
at Little Goose Dam. These screens
diverted young downstream migrant
salmon into a bypass that carried them
to a collection area below the dam.
Here they were marked and transferred
to tank trucks which transported them
400 miles downstream for discharge
into the Columbia River below Bonne-
ville Dam. In the two years (1971-
1972) that these studies have been
carried out, nearly 1,000,000 young
salmon and steelhead have been trans-
ported downstream. Assessment of
these operations must await the return
of adult fish to the Snake River in the
next several years.

The foregoing effort-was, of course,
primarily a stopgap action to afford
some fish with a measure of protection
from supersaturated waters in the
Snake and Columbia rivers. What was
needed, and soon, was a means of con-
trolling the levels of nitrogen in the
river. Here again the Corps took rapid
and positive action. One of the first
measures was to develop a coordinated
plan for controlled release of water
throughout the Columbia Basin in the
spring of the year. By metering out
water discharges from upriver storage
projects, the volume of spilling (and
hence gas saturation) could be con-
tained in the lower river projects. Ex-
changes of power were also made with
utility and private power companies in
other areas of the Northwest to enable
maximum use of turbines in the Co-
lumbia and Snake rivers, again to re-
duce the volume of spill. Although such
actions were of limited duration, they
did provide substantial relief during
the critical periods of salmon migra-
tion in the spring of 1971 and 1972.

In the meantime, hydraulic and en-
gineering sections of the Corps were
burning the midnight oil to devise
means of discharging water at dams
without increasing the dissolved gas
content. Model studies were run and
prototypes of a slotted bulkhead gate
and a spillway deflector were built and
tested at dams.
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Initial tests of the slotted gates
were most encouraging. Water passed
through these structures did not super-
saturate, and laboratory tests to simu-
late passage of juvenile salmon through
the slots indicated that losses of fish
due to hydraulic sheer forces would be
moderate—at least considerably less
than would be expected if the fish were
exposed to nitrogen supersaturation.

Based on these heartening develop-
ments, the Corps proceeded to install
bulkhead gates in all dams on the lower
Snake River before the spring of 1972.
Although use of the gates effectively
controlled gas saturation levels in the
lower Snake, subsequent studies indi-
cated that loss of fish due to passage
through the gates was far higher than
expected. As a result, the gates were
ordered removed and were not rein-
stalled until most of the downstream
migration of juveniles was completed.
Future use of the bulkhead gates will
hinge on the outcome of further fish
survival tests planned for the spring of
1973.

Tests of the spillway deflectors have
also been promising and offer perhaps
the best overall means of controlling
gas saturation levels in the river. The
spillway deflector is a concrete sill
placed near the base of the spillway to
divert flows horizontally into the spill
basin. This lateral defiection of spillway
discharges prevents the deep plunging
action that is the present source of
nitrogen supersaturation in the rivers.
Prototype trials of these deflectors in
spillway bays at Bonneville and Lower
Monumental Dams have indicated that
gas saturation levels can be appreci-
ably reduced. Other tests with fish indi-
cate that expected losses due to pas-
sage over the deflector would be far
less than that experienced during pas-
sage through the bulkhead gates.

As a result of these breakthroughs,
the Corps’ Portland District has re-
cently proposed a landmark program
for control of nitrogen supersaturation
in the Columbia River. In essence this
plan projects a timetable for installa-
tion of spillway deflectors at all Corps
projects where appreciable spilling will
occur in the future. The plan also pro-
vides for construction of fish screens
that would be placed in turbine intakes
at key dams on the river. Since future
operation of Corps’ projects in the Co-
lumbia Basin will involve increasing
use of turbines, the latter action is
proposed to afford protection for the

large numbers of juvenile migrants
that would otherwise suffer losses due
to passage through the turbines. Al-
though these measures are contingent
on approval by higher authority, there
is no question that local Corps manage-
ment is solidly behind the plan.

And so in the span of a few years,
an apparent crisis situation has been
solidly attacked and appears on the
verge of being turned into a definite
plus for fish. As is often characteristic
of man's actions, the threat of an im-
pending disaster was the moving force
that turned the tide. Paradoxically, in
the long run, salmon and steelhead
runs of the Columbia may well become
the benefactors rather than the losers,
all because of the massive actions now
being taken to reverse an ecological

oversight of the past. s

Carl H. Elling and Wesley J. Ebel are

staff members of the Northwest Fish-
eries Center, National Marine Fisheries
Service, National Oceanic and Atmos-
pheric Administration, Seattle, Wash-
ington.
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A SHORT HISTORY OF EARLY FISHING
strike the rising fish, six brown trout
were taken. They were not large, aver-
aging eight inches in length and rather
thin, but trout they were. These fish
were in the pass traveled so many
times by Caesar’s legions. It seemed
strange to consider that these crea-
tures were the descendants of trout
seen or taken by the Romans.

The Rhone was a poor stream where
we fished it. From there we retraced
the course of history, over the ltalian
Alps, thence back through France to
the British Isles. Wherever we went,
our large canvas bag with the alumi-
num cases containing the light tonkin
cane rods was our constant companion
and our Hodgman waders hung in the
closet of many hotels. On the streams
and lakes, trout, sea trout and salmon
were offered both good casts and
bungled casts, changes in leaders,
and many flies.

It was in the British Isles that fishing
as a sport, as angling, was first pre-
sented in literature. The development
of the rod and other refined equipment
added greater finesse to fishing and it
became an art as well as a science. The
first manuscript with known reference
to angling in the English language was
Piers of Fulham, presumed to have
been written about 1420, Another early
Continued on page 42




“HIGH COUNTRY
RECREATION”

Fish in Wyoming with High Country
experts on the famous Green and
Snake rivers.

For further information—

Jay C. Buchner
High Country Recreation
Box 1022
Jackson, Wyoming 83001

K. Perry Campbell, Department of Bi-
ology, The Pennsylvania State Univer-
sity, authored the article, “The White
Sucker: A Trout Competitor,” which
appeared in the winter issue of TROUT.
Our sincere apology to Mr. Campbell
for the omission of his name.
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SOLES

OUTWEARS PRESSED WOOL FELT.
FELT SOLES PREVENT SLIPS AND
FALLS. A MUST FOR WADING
FISHERMEN.

Kit contains nylon felt soles

and Barge Water Proof Ce-
ment for fast, permanent
installation to Rubber Boots
or Old Felt.

Please give boot size.
Order direct from this Ad.
$5.75 POSTPAID
DEALER INQUIRIES INVITED
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TOUGH
TACKLE BOXES

UMCO boxes take the toughest treatment
.. .available in plastic or aluminum ...
fresh or salt water...plastic bait-proof trays
...lightweight .. variety of styles and tray
selections . . . all with 10 year guarantee

SPECIAL INTRODUCTORY OFFER
Send $2.00 for your
UMCO Field Staff

Patch and an UMCO
Aluminum Pocket

Box with 12
compartments.

Please send UMCO Patch and
Aluminum Box. Enclosed is check/
money order for $2.00.

Name

City State Zip
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MARTIN

breaks with the ordinary

to help you play steelhead,

coho, brown trout.

“Steelheaders’ like Jim Keuten
of Duluth, Minn., knew that an au-
tomatic allowed more feel of the
tug on the line than spinning reels
when drifting spawn bags, puffs or
“crawlers.” He knew, too, an auto-
matic got line back on the reel five
times faster than single action. So
Jim and other steelhead men
helped us develop the 23AXL.

Its specially-adjusted slip clutch
lets you strip off 4# test mono eas-
ily, even when fully wound. Beefed-
up hardened steel gears, a pat-
ented metal ratchet and pawl brake
system and double-lock spring
wind system make the 23AXL the
only automatic for the kind of fish-~
ing that’s your skill against the fish.

Other “Uncommon” features:
plated steel back, double-rein-
forced close-tolerance rims preci-
sion fitted with solid arbor mono-~
resistant spool to prevent line from
slipping between. Capacity 100
yds. 14# mono plus 230 yds. 18#
Dacron®. Reel weight 11 oz.

Specialists in fly tackle since
1884, we make more kinds of fly
reels than anyone. “Uncommon”
reels with the specialized features
you need for “Uncommon” fishing.
Ask to see the 23AXL and match~
ing two-piece 9 ft. 3-119 rod at your
favorite tackle counter. Experience
the challenge of “‘breaking with the
ordinary.” “Uncommon’ anglers
offer: Write for free “Drift Fishing
with an Automatic’ booklet and 32-
page 1973 Martin Catalog.

MARTIN

REEL COMPANY

P. 0. Drawer 8, Mohawk, N.Y. 13407
“Uncommon’’ Fishing Tackle Since 1884.
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