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Abundance and Distribution of Northern Squawfish, Walleyes, and
Smallmouth Bass in John Day Reservoir, Columbia River
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Abstract. —We used mark-recapture and catch-per-unit effort data to estimate abundances and
distributions of three potential predators on juvenile salmonids migrating through John Day Res-
ervoir in 1984-1986. The northern squawfish Ptychocheilus oregonensis was the most abundant
predator (estimated population: 85,316), followed by smallmouth bass Micropterus dolomieu (34,954)
and walleye Stizostedion vitreum (15,168). Because of uncertainty in sampling and assumptions
of the mark-recapture estimator, the combined abundance of these three predators could lie be-
tween 50,000 and 500,000. We believe, however, that bias is probably negative, and that any
errors should result in conservative estimates. Northern squawfish were common reservoir-wide,
but large concentrations occurred immediately below McNary Dam near the head of John Day
Reservoir. Walleyes were largely restricted to the upper third of the reservoir, whereas the number
of smallmouth bass increased progressively downriver. As judged by abundance and distribution,
northern squawfish have by far the greatest potential for predation on juvenile salmonids. We also
expect predation to be unevenly distributed in time and space as a result of variations in the

number and distribution of predators.

The survival of young Pacific salmon Onco-
rhynchus spp. and steelhead O. mykiss migrating
through large main-stem reservoirs on the Colum-
bia River is poor (Raymond 1979, 1988). For in-
stance, as many as 20% of the 20 million salmo-
nids that enter John Day Reservoir annually are
lost for unknown reasons (Sims and Ossiander
1981). This unexplained mortality in each of a
series of reservoirs substantially reduces the pro-
duction of adults (Raymond 1979). Predation by
resident fishes has long been a suspected source of
much of this mortality (Uremovich et al. 1980).

The principal predators in John Day Reservoir
are northern squawfish Ptychocheilus oregonensis,
walleye Stizostedion vitreum, smallmouth bass
Micropterus dolomieu, and channel catfish Icta-
lurus punctatus (Hjort et al. 1981). Salmonids
present are steelhead Oncorhynchus mykiss, chi-
nook salmon O. tshawytscha, sockeye salmon O.
nerka, and coho salmon O. kisutch. These salmo-
nids are most numerous during the period of smolt
migration from April to August (Poe et al. 1991,
this issue).

The goals of a combined team of Oregon De-
partment of Fish and Wildlife and U.S. Fish and
Wildlife Service biologists were to estimate the
magnitude of predation and to determine if it ac-
counted for much of the unexplained salmonid
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mortality in John Day Reservoir. To accomplish
these goals, we needed estimates of predator abun-
dances, information about distributions during the
period of smolt emigration through the reservoir,
and estimates of the predation rate on juvenile
salmonids. In the first two of four concurrent re-
ports in this issue (of which this is the third), Poe
et al. (1991) and Vigg et al. (1991) characterized
the diets and food-consumption rates of the four
principal predators. In this paper, we estimate the
abundances of three of these predators—northern
squawfish, walleye, and smallmouth bass—and
describe their general distributions in the reser-
voir. We were unable to capture sufficient num-
bers of channel catfish to reliably estimate their
abundance or distribution. In the fourth report,
Rieman et al. (1991) draw on all of this infor-
mation to assess the total loss of juvenile salmo-
nids to predation in John Day Reservoir.

Methods

Field sampling.—We sampled John Day Res-
ervoir (for a map and description of the sampling
areas see Poe et al. 1991) from April to August in
1982-1986 to describe the abundance and distri-
bution of northern squawfish, walleyes, and small-
mouth bass. We surveyed the reservoir and estab-
lished sampling methods in 1982; increased our
effort and refined our methods in 1983; and then
conducted full-scale sampling and marking efforts
in 1984-1986. Effort was equally partitioned into
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2-week intervals throughout the period of sam-
pling.

We collected fish primarily in five areas of the
reservoir: immediately above John Day Dam
(forebay, river kilometers 347-353 from the Co-
lumbia River mouth), at Arlington (km 385-396),
at Irrigon (km 441-456), in the McNary Dam tail-
race (km 457-469), and in the zone below McNary
Dam from which boats were restricted (km 470).
We allocated equal effort to each area except the
restricted zone, which we sampled with less effort
because of its small size. The sampling areas, which
were 0.6-15 km long, were selected to represent
the range of habitats available in the reservoir.
Sampling sites within areas were selected to cover
each area and to maximize catch. Sites were fixed
and were sampled during each 2-week period. We
also collected a few samples in the Rock Creek
(km 229) and Crow Butte (km 260) areas of the
reservoir in 1985 and 1986.

Fish were collected with four categories of gear:
(1) two types of monofilament gill nets each 46 m
long and 2.4 m deep, one consisting of alternating
panels of three meshes (3.2, 4.4, and 5.1 cm, bar
mesh) and the other of alternating panels of two
meshes (6.4 and 7.6 cm); (2) Lake Erie style trap
nets (61 m long by 3.1 or 4.6 m deep with leads
of 3.2 or 3.8 cm mesh); (3) electrofishing boats;
and (4) hook and line from John Day and McNary
dams. Fishing effort lasted for standardized peri-
ods of time: 1 h for gill-net fishing and angling,
24 h for trapnetting, and 15 min (“current on™
time) for electrofishing. We sampled primarily at
night, near shore. We were unsuccessful in finding
a suitable method of sampling offshore; current
velocity, depth, irregular bottom contours, barge
traffic, and apparent low densities of fish made
sampling with vertical gill nets, drift gill nets, sink-
ing gill nets, electrofishers, box traps, and otter
trawls unproductive there.

All fish caught were identified and counted. Fork
lengths (millimeters) and weights (grams) of
northern squawfish, walleyes, and smallmouth bass
were measured. Northern squawﬁéh and walleyes
at least 250 mm long and smallmouth bass at least
200 mm long were marked with numbered spa-
ghetti tags inserted through the dorsal muscula-
ture and tied over the back with an overhand knot.
Fish were secondarily marked with opercle punch-
es or pelvic fin clips. Fish that were bleeding ex-
cessively or unable to maintain equilibrium were
not tagged.

Samples were supplemented with fish tagged and
released in concurrent but independent sampling
by the U S, Fish and Wildlife Service (Poe et al.
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1991). The Service provided records of their catch
and recovery of marked fish.

We also interviewed anglers for information on
catch rate and composition, and counted anglers
to estimate total effort (Beamesderfer et al. 1990).
Angler surveys were conducted each weekend day
and on two of every five weekdays, concurrently
with other field sampling. Angler surveys were
conducted in McNary tailrace in 1983 and 1984
and were expanded to include John Day forebay
and John Day River in 1985 and 1986. Voluntary
returns of tags by anglers were solicited through-
out the reservoir with posters and drop boxes.

Abundance.—We estimated the abundance of
northern squawfish, walleyes, and smallmouth bass
each year from 1984 to 1986 using a Schnabel
multiple mark-recapture method modified by
Overton (1965) to account for removals. Mark—
recapture samples were grouped by 2-week peri-
ods. Fish recaptured in the same period in which
they were marked were not treated as recaptures
in population estimation. We compared estimates
from each year statistically (P < 0.05) with 1986
estimates, using a test for differences between
Schnabel estimates (Chapman and Overton 1966)
to determine if abundance was constant through-
out the study. Because of concerns about only par-
tial mixing of marked and unmarked northern
squawfish and walleyes we also made Petersen es-
timates of abundance (Seber 1982), using only re-
coveries from the year following the year of mark-
ing. We assumed that the longer period between
marking and recovery periods allowed more thor-
ough mixing,

We incorporated several adjustments in calcu-
lations of abundance estimates to satisfy assump-
tions of the mark-recapture estimator (Ricker
1975; Seber 1982; White et al. 1982). We also
made alternative estimates using a range of ad-
justments to examine sensitivity to each assump-
tion. We used these alternatives to determine the
size and direction of bias in estimates of abun-
dance if our independent assessment of violation
and corresponding corrections were incorrect.

We advanced the minimum length of fish in-
cluded in estimates midway through the sampling
season to prevent the estimate from being dis-
torted by fish that would otherwise grow into the
reference population. Length was increased by half
the observed average annual increment (Connolly
and Rieman 1988; Rieman and Beamesderfer
1990) because our sampling season represented
most of the growing season. We made alternative
estimates using growth equal to zero and growth
equal to the full annual increment.
























