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ISHWAY USE
BY WHITE STURGEON ON
THE COLUMBIA RIVER

White sturgeon (Acipenser transmontanus) is one of
seven sturgeon species found in North America, 1t is also
the largest freshwater fish on this conlinent, exceeding
1,000 pounds in weight and sometimes reaching necarly
20 feet in length. Modern relics of an anciemt group of
fishes, white sturgeon inhabit the larger rivers and bays
of the Pacific Coast from Ensenada, Mexico, to the
Aleutian Istands of Alaska. The sturgeon are distin-
guished from a typical bony fish (such as a sulmon} by a
skeleton that is mostly cartilaginous, that has a nato-
chord (a flexible rod of cells that forms the supporting
uxis ol the body) insteud of a backbone, a primitive fin
and jaw structure, and & unique digestive system, When
allowed access 1o the oveun, white sturgeon are
semianadromous—ithat is, they are capable of migrating
regularly between fresh water and salt, spending ditfer-
ent parts ol their lives in one or both environments.
Somne populations of while sturgeon may spend their
entire lives in fresh watcr, such as in the reservoirs of the
Columbia River, While sturgeon can spawn several
times in a lifetime, females spawning at intervals ranging
from 2 to 8 years, They may spawn in areas of deep
gravel riffles, in deep holes, and over rocky bottoms
where swifl currents exist.

Sturgeon stocks throughout the world have heen
depressed because ol demand for their highly valued
flesh and the caviar produced from their eggs. Human
activities in walcrsheds where sturgeon live have also
affected sturgeon habital. Historically, sturgeon products
have been considered valuable in Lurope, Asia, and
North America. The largest white sturgeon resource in
North America is in the Columbia River, and yet it has
never been a high priority because of coneern over de-
clining salmen stocks. During the late 1800s, white
sturgeon were nearly wiped oul by commercial fishing,
but populations have been slowly recovering and they
arc now an important resource for both commercial and
reereational fishermen. Angling for white sturgeon has
hecome the most popular sport fishery below Bonneville
Dram on the Columbia River,

Much of the research literature on white sturgeon in
the Columbia River has stated that the duams are migra-
tion barriers to white sturgeon, causing isolated ot land-
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locked populations {meaning that they arc unable
migrate up or down the river to the oceun, but rather are
confined to reservoirs). 1t is suggested that lish ladders at
the dams are inadequate for sturgeon use and that pas-
sage 1s minimal at best, However, biologists have
seemed unaware that annual reports from the U.S, Army
Corps of Engineers indicate that white sturgeon pussage
does oceur at Bonneville, The Dalles, John Day,
McNary, and Pricst Rapids dams. On the Columbia
River, dams from Bonneville Dam all the way upsiream
10 Wells Dam were constructed with fishways (fish
ladders) to allow salmon and steclhead passage upriver
to their spawning grounds (Fig. 1). These fish ladders
were nol designed with white sturgeon in mind, and yet
these fish have been observed moving past the fish
counting stations. Use of fishways by white sturgeon is
highly variable among the dams, however,
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Figure 1. Colurbia and Snake River dams

Fish Ladder Design

The purpose of fish ladders, of course, is to enable
fish 10 migrate past natural or man-made barriers. Lirst
introduced in Curope over 300 years ago wiih the aim of
passing water around or through an obstruction, fish
[aelders are cngineered so as 1o dissipate the energy in the
waler sufficicntly 1o permit fish (o ascend without undue
stress,

Jump from one pool o the

Since the construclion of Bonneville Dam, however,
fish ladders have undergone many design improvements
as new hiological knowledge has become available.
Because of the complexity
of fish ladder design, this
publication describes only
the general characleristics
of the lish ladders at
Bonneville, The Dalles,
and John Day dams, where
white sturgeon passage
has been observed most
Meguently.

Fish ladders on the
lower Columbia River
dams arc primarily over-
flow weir-types that
gradually ascend from
downstream {ihe tailrace)
1o upstream {the forebay)
of the dam. The weirs act
as barricrs in the ladder to
control water flow and 1o
tform a series of steps and
pools. Typical weirs range
from 24 to 30 feet in width
and 6 feet in height. They
are spaced 10 to 16 feet
apart and have a2 minimom
cne-foot vertical drop
between each pool, Weirs
can be cither “full width”
ones, which allow water to
flow cvealy over the entire
width, or “restricted” oncs,
which allow water (o Mow
aver only a portion ol the
weir (Photo 1). Waler
flows through u (ish ladder
at a rate of approximately
8 fcet per second.

it was initially assumed
that salmon and steelhead,
for which the fish ladders
were designed, prefer to

fish ludder)

next. However, when it was discovered that fish prefer o
stay under water while moving upstream, the ladder

Photo 1. Restricted weirs

Photo 2. Restricted weir showing
orifices {looking upxtredm uf o



weirs were construcied with orifices at the botton that
range from I8 to 24 inches square (Photo 2). The orifice
is the most critical component that allows white sturgeon
1o use the Lish ladders, since white sturgeon are bottom-
dwellers, The relatively small size of the weir orifices
could prevent very targe sturgeon from using the fish
lackders.

Historical Passage of White Sturgeon
through Fish Locks and Ladders

Bonneville Dam, completed in 1938, was the second
dam built on the Columbia River. (A second powerhouse
on the Washington shore was completed in 1981.) The
dam is located 145 miles from the mouth of the river,
where tidal exchange has its larthest upstream influence.
The dam was constructed with fish locks (elevator-like
structures) and overflow weir-type fish ladders to enable
migraling salmon and steelhead to bypass this man-made
barrier. The fish passage facilitics proved effective for
these fish, but left much to be desired for the bottom-
dwelling white sturgeon, which lacked the ability to
negotiate waterfalls and other barriers. White sturgeon
were no longer able to journey up or down the Columbia
and Snake rivers; many were irapped above Bonmeville
Dam and it was not known how this would affcct their
survival without access to the ocean,

Use of Fish Locks

Bonneville Dam was construcied with three pairs of
fish locks—one pair on the
south end of the Oregon
powerhouse (Fig. 2) and
one pair on each end of the
spillway. The locks mea-
surcd 20 feet square and
had a lift height of about 90
feet, Cables activated a
grated rack to direct fish 1o
the top. The basic operation
was similar to that of a
navigation lock. Fish enter-
ing the lock were trapped;
waler lilled the lock to a
level cqual 1o that of the

FFish ladder

forebay; and then a grated floor was raised to the top of
the lock, where tish could exitnto the forebay. A single
lock cycle took about 30 minutes to an hour, and the
operator petiodically conducted a 1ift even though there
was no way of knowing cxactly how many fish, if any,
were (rapped. Biologists from the .5, Army Corps of
Engincers would generally operate the focks o coincide
with the peak timing of salmon and steelhead runs.

It was discovered that at certain times of the year
many white sturgeon congregated at the base of
Bonnevilie Dam. Those measuring less than 4 feet in
length were often found in the powerhousc draft tubes
{the arca below the turbine blades) during repair or
maintenance work. More important, however, wus the
ability ol the white sturgeon to enter the {ish locks and
be clevated into the Bonneville Dam forebay. Tvan I
Donaldson, resident fish biologist for the Corps ol Engi-
neers al Bonneville Dam from 1940 to 1973, was largely
responsible for operating the tish locks. He wrote ina
1946 Annual Report on the Passage of Fish:

Few have done so, but rarely does o stirgeon
uscend the ludders, The men who are most
Samiliar with their habits are convinced that the
stirgeon have a yearly period of migration in
the stuminier months when the water is warm. In
1030, 1942, and 1946, it was demonsirared that
these fish will move fnto the fish elevators, but
the migration ceases about the first of October.

Fignre 2. Bonneville Dam fish passuge facilities
(1.8, Corps of Engineers, Portdand District
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over Bonneville Dam (19g. 3).
The fish locks were operated
in only 12 of those 31 years,
yot they accounted Tor 97
percent ol the total white
sturgeon that reached the
forchay. White sturgcon
entering the fish locks were
limited to 4.5 feet or less in
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The fish lock was so successlul, in fact, that in 1951 a
record [ 19 while sturgeon were lifted to the forebay in
one day. However, a former fish lock operalor (name
unknown) informed Ivan Donaldsen that several hundred
white sturgeon had been lifted at one time in 1938 or
1939, On the other hand, not all lifts resulted in high
catches; sometimes no white sturgeon were frapped.
Donaldsen recorded that unsuccessiul fish hauls in locks
seemed to be related o water conditions at the enlrance
of the fish collection system: when swifter than normal
flows from the fish lock coflection system oceutred, the
calch of white sturgeon was poor.

During a 31-year period (1938-1969), 4,711 white
sturgeon were tiffed by tish locks or ascended ladders

1939 1940 1941 1042 1945 1948 1549 1850 1951 1552 1953 {854 1855 1050 1550 1942 1065 1084 1085 1966 1087 1D8B 1989

Years of fish ladder use (1938-1969)

Figure 3. Historical use of fish tocks and fish ladders by white sturgeon at

in 1971 when the fish ladder
on the Oregon shore was
drained for repair. The origi-
nal intent of the fish locks, as
already indicated, was L0 pass
salmon and steelhead upriver
and 10 serve as a backup when
lish ladders were drained tor
maintcnance or repait. How-
ever, the fish locks were not
suitable [or salmon and steel-
head passage, were very time-
consuming, and were labor-
intensive., They were discon-
tinued for white sturgeon use
because of a lack of time and
moncy and because Tew
people were really interested
in providing passage Tor white
slurgeon.

It is interesting 10 note that
the fish locks at Bonneville Dam gained attention from
other parts of the world. In 1946, for example, a Russian
fisherics scientist visited the dam seeking informatien on
how to lift sturgeon above the dams being built in Russia.
In 1960, French engineers planning a dam on the Scfid
Ruud River, a tributary of the Caspian Sca in Tran, re-
quested information on how 1o pass sturgeon over dams,

Use of Fish Ladders

Initially, it was believed that the Bonneville Dam fish
ladders represented the white sturgeon’s limit of physical
ability, and only a small percentage (3 percent of the




tolal passage count) from 1938 to 1969 had used the
ladders. However, white sturgeon passage over the dam
improved after 1950 when all the ladder weirs were
modified (o provide passage by orifices at the ladder
fMoors. This allowed white sturgeon to swim through
rather than over the weirs,

White sturgeon using the fish locks and ladders to
bypass Bonneville Dam led early fishery hiologists o
believe that o summer migration occurred in August.
Although they could not explain why this scasonal mi-
gration took place, it was observed annually rom 1938
10 1969 (Fig. 4).

HITE STURGEON PASSAGE
SINCE 1986

At Bonneville, The Dalles, and John Day dams [rom
1986 to 1991, fish ladder use by white sturgeon was
greatest (rom May through November each year (IFig. 4},
with most sturgeon being observed during July and
August. This peak of fish ladder use by white sturgeon is
similar to historical passage at Bonneville Dam., The
typical length of white sturgeon using the fish ladder was
2 to 4 feet.

Fishery biologist Alexander D. Bajkov noted in 1951
during & white sturgeon tagging cxperimnent that many
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Figure 4. Peak migration of white stirgeon through fishways
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Bonneville Dam
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Meonths 1986 1987 1988 1989 1990
Mair 0 0 0 D 0
Apr 0 0 0 0 0
May 0 0 1 0 0
June 5 7 ] 6 0]
July 21 5 3 23 18
Aug 12 1 3 23 16
Sept 3 5 8 7 11
Qct o i 7 1 1
Nov 4] 8] 0 0 0
Tolal ¥} 19 23 50 46
The Dailes Dam
Mar 0 9]
Apr 0 0 0 0 0
May i 7 5 0 2
June 31 Q9 28 75 23
July 165 165 65 141 337
Aug 339 125 38 132 276
Sept 206 55 50 62 19
Oct 49 28 1 13 21
Nov 0 9]
Totol 791 479 187 423 778
John Day Dam

Mar 0

Apr 0 0 0 0 0
May 0 0 0 0 0
June 0 1 ¥ 1 0
July 4 18 1 0 5
Aug 7 5 1 1 4
Sept 3 2 1 3 1
Oct 2 3 0 0 1
Total 16 29 3 5 1

sturgeon had been noticed immediately
ahove Bonnevitle Dane when an experimen-
tal set tine of 6f) haoks failed o catch a
single sturgeon during 12 consecniive days.
This uhustal experience strongly indicates
the possibility that the entire sturgeon popti-
lation maved upsiream from the Bonneville
lake forebay area ito the upper part of the
river. This theory scems to be logical be-
cause the absence of fish immediately above
the dam coincided with the tremendous
concentration of small sturgeen just below
the dans.

215

Perhaps this timing of the migration of while
sturgeon is associated with their efforts to locate
a suitable food supply or appropriate overwinter-
ing arcas.

There is speculation also that white sturgeon
enter and exit reservoirs through the navigation
locks, but there has been no study to conlirm the
extent of movement through these locks. How-
ever, in 1961 when The Dalles navigation lock
was drained for maintenance, several white
sturgeon were found. Further evidence of white
sturgeon movement between Columbia River
reservoirs has been found in tagging studics
donce by the Oregon Department of Fish and
Wildlife. From 987 to |99t, 26 recaptures of
tagged white sturgeon showed downstream
movernent between reservoirs, and one fish
rmoved upstream,

3181

Documentation of White
Sturgeon Passage

Because of Donaldson’s interest in while

Tuble 1. Qbserved sturgeon counts at
mainsient Colunibia River dams

small sturgeon were located in the tailrace arca of

Bonneville Dam from mid-Auguost through November,

lle comimented:

- d strong possibility that a general upstrean
mrigration of sturgeon was underway in the late
surmer and fall, Simultancously the ahsence of

sturgeon at Bonneville Dam, the annual fish

passage reports from 1938 to 1969 contained

detailed informution about this lish, He learned
much about white sturgeon biology by using fish locks
to lift white sturgeon over the dam and conducting his
own studies (Photo 3).

From 1969 to 1980, white sturgeon passage was
reported trom Bonneville Dam alone; but since 1983,
white sturgeon passage has been recorded and entered
into annual fish passage reports from Bonneville, The




Dalles, and John Day
daws. [t should be noted
that white sturgeon
counts are recorded only
al the convenience of the
fish counter when not
preoccupicd by the
official counts of salmo-
nids and shad, Hence,
the counls do not repre-
sent net upstream pas-
sage, nor are they ad-
justed for nonobsery-
ation periods. There are
two fish-counting sta-
tions at each dam, one on
cach side of the river,
and they are located on
the upper end of the fish ladder near the exit into the
forcbay. Fish counters are in an isolated viewing room
and observe fish passage through a window 5 feet wide.
The fish-counting schedule at cach dam ranges from
March through November, and fish counters record from
3 am. to 9 p.m., with & 10-minute break each houe,
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Photo 3. A loud of white sturgeon that was lified to the top of the fish lock ai Bonneville Dam,

Bonneville Dam

Bonneville Dam is the first hydroelectric facility up
the Columbia River. Its fish ladders are the second most
heavily used by white sturgeon Lo traverse over a dam
(Fig. 4). The dam has four fish ladders and there are no
discernible differences in white sturgeon counts between
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Figure S. Bonnevilie Dam and fish passage fucilities




The Dalles Dam

The Dalles Dam, com-
pleted in 1957, is the second
dam up the Columbia River
and is located 191 miles
from the mouth. Fish pus-
sage Tcilities include a
north and cast fish ladder
{Iiig, 6), The east fish ladder
includes a lish channel
conneeting the west fishway
entrance and south spillway
entrance and a second chan-
nel connecting with the fish
collection system along the

Photo 4, The Dailes Dam east fish ladder powerhouse, There is a lish

the two counting stations on the Washington shore and
the two on Bradtord Island (Fig. 5). During the 1986 to
1991 period, white sturgeon ranged from 1 o 7 foet in
length, with most being about 3 feet. Only 13 white
sturgeon were observed passing downsiream, and 58
percent of the white sturgeon total was recorded duting
morning hours (5 to 11 am.).
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lock also located near the
east fish ladder, but it is inoperable and there are no
records of its use lo Lift while sturpeon over the dam.
The Dalles Damn has the highest recorded fishway use
by white sturgeon, and from 1986 10 1991, the cast {ish-
way accounted for the vast majority ol sturgeon passage
in the Columbia River (Table 1),
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Figure 6. The Dalles Dam and fish passage facilities
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White sturgeon as long as 11 feet have ascended or
descended the east ladder, and an individual fish counter
noted that extremely large white sturgeon tilted sideways
1o squeeze by the viewing window. In the 1986 to 1991
period. the most frequent size class observed was about 3
feet. Observations ar The Dalles Dam, unlike those w1
Bonneville Dam, showed little difference in the timing
(a.m. vs. p.m.} of white sturgeon passage. Only ¥ percent
of the white sturgeen were noted 1o have descended past
the viewing window.

It is interesting to note that counts for other species
such as walleye and northern squawfish are also consis-
tently higher here than at other dams. Why white stur-
geon and other species use the east fish ladder »o much
more than others is unknown, since the design of the easl
fish ladder is similar to that of other Columbia River fish
ladders.

John Day Dam

Located at river mile 215, John Day Dam became
operational in 1969 and has two fish ladders. one each
on the Oregon and Washinglon sides {Fig, 7). No fish
locks were included in the fish passage facilitics. The
total white sturgeoen passage from 1986 (o 1991 was 68

fish. the lowest number chserved of the dams under
consideration. with the Washington side accounting for
59 of the total. The size of white sturgeon ranged from 2
to 5 feet in length. with 3 feet augain being the most com-
mon size. Nine white sturgeon were observed passing
downstream. and 43 white sturgeon were recorded dur-
ing the p.m. counting hours (12 noon—Y4 p.m.)}.

TURGEON IN RUSSIA

American rivers are not the only ones faced with
man-made obstructions causing sturgeon migration
problems. In Russia. where sturgeon are also highly
valued, hydroelectric facilities inhibit sturgeon migration
as well, Although the power dams are constructed with
traditional fish ladders. they are impractical for large
adult sturgeon to use. Therefore, fish elevators much like
the once-used fish locks at Bonneville Dam were spe-
cially built for them. Two fish elevators were installed at
the Volgograd power dam on the Volga River. a tribu-
tury to the Caspian Sea. These elevators lifl sturgeon
during the main spawning migration of three species—
beluga sturgeon, {use huso (twice the size of white




sturgeon), Russian sturgeon, Acipenser gueldenstaedti,
and stcllate sturgeon, A. steflatus. The results have been
highly successful, allowing approximately 23,000 stur-
geon a vear to bypass the dam,

ENEFITS OF STURGEON
PASSAGE

In September of 1942, Ivan Donaldson wrote to Cap-
tain R.B. Cochranc, Area Engincer al Bonneville Dain,
this one of many recommendations concerning the fish-
eries problem at Bonneville Dam:

Look ahead to the building of Umatilla and be
willing to build a pair of locks for saimon and
for sturgeon. I suggest that they afso be de-
signed for bottom traveling fish which do wot
like to rise over any wall. The design should be
such that seurgeon can epter from a level with
the bottom of the deepest hole at the dam. [
would like to think thut we have demonstraled,
by cutting holes in the bottom stoplogs, which
regulate the fish entranceway elevation to the
ludder collection beys, thal sturgeon will then
enter the callection bays (some witl anyway)
and be lifted over the dam. .. We may find in
the futuire that sturgeon nust migrate Lo some
extent,

Even though the use of fish locks has ceased, fish
ladders continue to allow limited passage of white stur-
geon at some of the Columbia River dams. Fishway use
by while sturgeon at The Dalles Dam cast fish ladder has
ranged from 187 1 791 while sturgeon per year since
1985, It it were known why more white sturgeon use the
cast (ish ladder, then perhaps other lishways coukl be
changed Lo improve white sturgeon passage.

If passage tacilitics for white sturgeon on the Colum-
bia River were to be improved, several benefits might
accrue:

+ recruitment of white sturgeon to upper
reservoirs where populations are sparse
(resubling in more spawning adults and larger
populations);

« migration of whirc sturgeon to more sujtable
habitat for feeding and/for spawning;

» improved genetic diversity.

In the meantime, white sturgeon are still muking
cfforts to muintain their migratory mstinets with limited
use of fish ladders to bypass Columbia River dams, How
much we are willing to help them by improving passuge
possibilitics remuains o be seen.

Photo 5. White sturgeon passing the counting window of o fishway
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Figure 8, Schematic drawing of white sturgeon entering orifices of fish ladder weirs
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