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Abstract. —Estimates of spawning habitat for white sturgeons Acipenser transmontanus in the
tailraces of the four dams on the lower 470 km of the Columbia River were obtained by using the
Physical Habitat Simulation System of the U.S. Fish and Wildlife Service’s Instream Flow Incre-
mental Methodology to identify areas with suitable water depths, water velocities, and substrates.
Rearing habitat throughout the lower Columbia River was assessed by using a geographic infor-
mation system to identify areas with suitable water depths and substrates. The lowering of spring
and summer river discharges from hydropower system operation reduces the availability of spawn-
ing habitat for white sturgeons. The four dam tailraces in the study area differ in the amount and
quality of spawning habitat available at various discharges; the differences are due to channel
morphology. The three impoundments and the free-flowing Columbia River downstream from
Bonneville Dam provide extensive areas that are physically suitable for rearing young-of-the-year

and juvenile white sturgeons.

The productivity of lotic environments is con-
trolled by four factors: flow regime (river hydro-
graph), physical habitat structure (channel mor-
phology and substrate), water quality (including
temperature), and energy inputs from the water-
shed (nutrients and organic matter) (Karr and
Dudley 1978). The interaction of these factors de-
termines primary and secondary production, which
ultimately affect the status of fish populations. Re-
striction or limitation of any one of these factors
during any life stage sets the adult population size
(Orth 1987). If a riverine environment and thus
the interaction of these factors is altered, changes
to fish populations and how they respond to man-
agement strategies can be expected.

Development of the Columbia River basin for
hydroelectric power generation during the mid-
1900s profoundly altered the riverine environ-
ment. Construction and operation of dams in the
Columbia River basin altered the flow regime and
increased water depths, which resulted in reduced
water velocities over extensive areas. These changes
have affected the fisheries within the basin.

An understanding of the potential of the altered
riverine environment to support all life stages of
white sturgeon Acipenser transmontanus is nec-
essary for fishery managers. White sturgeons are
susceptible to overharvest, and the recent changes
to their physical environment may make them
more so. Dams on other river systems have ad-
versely affected sturgeon populations (Khoroshko
1972; Votinov and Kas’yanov 1978; Deacon et al.
1979; Rochard et al. 1990).

Prior to development of the Columbia Basin,
the white sturgeons were subjected to an intense
commercial fishery that peaked at nearly 2,500,000
kg in 1892 and fell to less than 45,400 kg in 1899
(Craig and Hacker 1940). The adoption of man-
agement regulations allowed the stocks to recover
somewhat, but yields did not increase substan-
tially until the 1970s (Rieman and Beamesderfer
1990). The environmental changes associated with
the cultural development of the basin has led to a
collection of white sturgeon stocks bounded by
dams and may preclude natural recovery to his-
torical levels.

Recent research has documented spawning and
identified the habitat used by various life stages
of white sturgeons in the lower Columbia River
(Parsley et al. 1993). Successive year-class failures
and poor recruitment to young of the year have
been noted in the three impoundments down-
stream from McNary Dam, yet spawning and re-
cruitment in the unimpounded river downstream
from Bonneville Dam occurred during the same
years (National Biological Survey, National Ma-
rine Fisheries Service, unpublished data). In this
paper we estimate the amount of habitat available
for spawning and rearing (young-of-the-year and
juvenile) white sturgeons in the three impound-
ments and free-flowing river that constitute the
lower 470 km of the Columbia River. In doing
this, we also provide habitat suitability criteria
curves for spawning, young-of-the-year, and ju-
venile white sturgeons that may be used by other
investigators.
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FiGure 1.—The Columbia River downstream from McNary Dam, with locations of the four mainstem dams.

River flow is from right to left.

Study Area

This study was conducted in the Columbia Riv-
er from the mouth (river kilometer 0) to McNary
Dam (river km 470). The four dams within the
study area are operated primarily for hydroelectric
power generation and divide the river into three
impoundments, Bonneville Pool, The Dalles Pool,
and John Day Pool, and a free-flowing river reach
(Figure 1). Bonneville Dam was closed in 1938,
The Dalles Dam in 1957, John Day Dam in 1967,
and McNary Dam was closed in 1953. The four
river reaches differ in length, surface area, and
other physical characteristics (Table 1). Ebel et al.
(1989) and Anonymous (1991) provided a back-
ground on the biotic and abiotic environment and
the alterations to the environment caused by de-
velopment and operation of the numerous hydro-
electric and water diversion dams in the Columbia
River basin.

River discharges through the study area are reg-
ulated by storage reservoirs located upriver in the
Columbia and Snake river basins. The result has
been higher river discharges during winter and
lower discharges during spring and summer, rel-
ative to the historic hydrograph (Ebel et al. 1989).
The reservoirs in the study area have little storage
capacity, and discharges through the dams are run-
of-the-river. Therefore, mean daily discharge at
each dam is similar, though hourly hydrographs
of discharge among dams can be variable. Typi-
cally, hourly discharge at Bonneville Dam is rel-

atively stable, whereas discharges at McNary, John
Day, and The Dalles dams peak in the morning
and are lower at night.

Two types of spill may occur at each dam during
spring and summer: forced spill, when discharge
is greater than the hydraulic capacity of the tur-
bines (Table 1), and planned spill, to aid in passing
outmigrating juvenile salmonids. Usually, planned
spill is during the evening, when total discharge is
lowest.

Water elevations within each river reach are af-
fected by river discharge, pondage in the three
impoundments, and tides in the lower river reach.
Pondage is regulated by the rule curves in effect
at each dam. Water elevations fluctuate more in
the dam tailraces than in the forebays. The greatest
fluctuations occur in the Bonneville Dam tailrace
and in the John Day Dam forebay (Table 1).

Methods

Two methodologies were used to quantify the
physical habitat for spawning and rearing white
sturgeon. We used the Physical Habitat Simula-
tion System (PHABSIM; Bovee 1982) to evaluate
habitat available for spawning white sturgeons by
determining the relation between river discharge
and spawning habitat downstream from each dam
within the study area, and we used a geographic
information system (GIS) to identify and quantify
habitat for rearing (young-of-the-year and juve-
nile) white sturgeon throughout the study area.













































