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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. tdsutch. 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

1 Present address: Idaho Department of Fish and
Game, 1798 Trout Road, Eagle, Idaho 83616, USA.

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 (61m 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 squawfish 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.

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.—Wre 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.
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We adjusted for mortality during the period of
the estimates by using the Overton (1965) modi-
fication of the Schnabel estimator. Estimates of
removal by anglers and counts offish killed during
sampling by us and the U.S. Fish and Wildlife
Service were included. Angler harvest was esti-
mated as the product of effort estimated from an-
gler counts and catch per unit effort reported by
interviewed anglers (Beamesderfer et al. 1990). The
harvest of marked fish was also estimated from
voluntary tag returns by anglers; a 50% nonreturn
rate was assumed (Rieman 1987). The larger of
the two estimates in each 2-week period was used
in estimates. Thus, estimates for northern squaw-
fish, walleyes, and smallmouth bass were correct-
ed for mortality rates of 2%, 0%, and 20%, re-
spectively. Alternative estimates were made with
mortality increments as great as 50%.

We pooled sampling areas according to ob-
served movements of marked fish to satisfy the
assumption that marked and unmarked fish mix
throughout the population. All areas were pooled
for single estimates of northern squawfish and
walleye abundance because frequent movements
among sampling areas were observed and fish
moved large distances in 2 weeks or less (Beames-
derfer and Rieman 1988a). Only samples from
April through June were included for walleye be-
cause movements declined after June (Beames-
derfer and Rieman 1988a). Because smallmouth
bass were seldom recaptured anywhere but where
released (Beamesderfer and Rieman 1988a), area-
specific estimates of abundance were expanded ac-
cording to the relative sizes of sampled and un-
sampled areas and added for a reservoir-wide es-
timate. For instance, the area sampled at Arlington
was assumed representative of a portion of the
reservoir 5.6 times larger so the estimate for Ar-
lington was multiplied by 5.6.

Alternative estimates were made for each pred-
ator by pooling all areas for a single estimate and
by summing area-specific estimates with expan-
sion for unsampled areas. Area-specific estimates
of abundance were also summed without expan-
sion for unsampled areas to approximate a situ-
ation of incomplete mixing where fish moved into
areas adjacent to sampled areas but where zones
of mixing did not overlap. Petersen estimates also
addressed the assumption of mixing. We assumed
that Petersen estimates would be larger than mul-
tiple mark-recapture estimates if short-term mix-
ing was incomplete.

We made no adjustments to satisfy the as-
sumption that all fish in the population were
equally vulnerable to capture, despite relative re-

capture rates that indicated our gear was selective
for fish of different sizes (Beamesderfer and Rie-
man 1988b). Although differential vulnerability
may be accommodated by making separate esti-
mates for size-classes of similar vulnerability
(Ricker 1975), the splitting of the population re-
duces the precision of estimates (Seber 1982). An
alternative estimate was made by adding separate
estimates for size-classes of relatively high and
low vulnerability (Beamesderfer and Rieman
1988b).

We assumed capture and handling did not in-
crease mortality of marked fish because we only
marked fish in good condition at capture. Of fish
held in tanks for 3 d following capture and mark-
ing, only fish in obviously poor condition at cap-
ture died (R.C.B., unpublished data). Alternative
estimates describing how delayed mortality of
marked fish would affect abundance estimates were
made by reducing the new marks added in each
sampling period. For instance, a 50% mortality
reduced the new marks by half.

We assumed that all marks were recognized at
recapture. Although we observed losses of tags at
rates ranging from 3% for smallmouth bass to 20%
for northern squawfish, secondary marks and tag
scars were readily apparent. Alternative estimates
of abundance were made to examine the effects of
tag loss by adding a number of recaptures equal
to the number of tags presumed lost.

Distribution.— We based the relative distribu-
tion of predators on catch per unit of effort (CPUE)
with the different gears. We assumed that CPUE
was directly proportional to density. Relative den-
sity in each area was calculated by dividing CPUE
of a gear in that area by the reservoir-wide CPUE
for that gear, then averaging the percentages for
all gears. Gill nets, trap nets, and electrofishers
were included for northern squawfish and wall-
eyes. Comparisons were limited to electrofishing
for smallmouth bass because the nets were inef-
fective for that species.

The CPUEs for walleyes and smallmouth bass
were compared among four sampling areas (re-
stricted zone omitted). We included the restricted
zone for northern squawfish because CPUE was
unusually high in that area. To describe relative
abundance in the restricted zone, we used only
differences in CPUE of electrofishers between the
restricted zone and the other four areas because
electrofishers were the only gear used in the re-
stricted zone.

The CPUE was compared statistically among
areas to separate inherent differences from those
related to sampling error. Two-way analysis of
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TABLE 1.—Estimated numbers of northern squawfish longer than 250 mm (fork length), walleyes longer than 250
mm, and smallmouth bass longer than 200 mm in John Day Reservoir, 1982-1986, and results of statistical tests
(P) for differences from 1986 estimates.

Multiple mark-recapture
Year

1983
1984
1985
1986

1982
1983
1984
1985
1986

1985
1986

Population estimate P

68,947 0.03
84,114 0.23

102,888

13,042 0.69
18,426 0.87
14,036

31,948
37,959

95% confidence limits
Northern squawfish

55,250-86,040
66,905-105,749
75,215-136,059

Walleye

6,573-23,006
7,236-39,855
4,520-36,003

Smallmouth bass
18,967-44,929
29,019-46,899

Single mark-recapture
Population estimate

87,700
75,732

109,399

7,610
7,910
9,681

13,838

95% confidence limits

70,264-105,136
61,330-90,134
86,339-132,459

4,470-10,750
5,889-9,933
6,747-12,615
6,816-20,860

variance (Neter et al. 1985) was used to identify
significant (P < 0.05) differences in CPUE among
sampling areas; gear type was included as a block-
ing variable. One-way analysis of variance of elec-
trofishing data was used to compare CPUE of
northern squawnsh in the restricted zone with
CPUE in other areas. We transformed catch data
(Iog10[x + 1]) to meet statistical assumptions
(Moyle and Lound 1960; Elliott 1977). Observa-
tions were included for all fish longer than the
smallest sizes tagged, for April through August
1984-1986.

Results
Northern Squawfish

The average number of northern squawfish 250
mm long or longer in John Day Reservoir from
1984 to 1986 was estimated to be 85,316 (4.47
hectare) as judged by the multiple mark-recapture
estimator. Only the estimate from 1984 was sig-
nificantly different (P < 0.05) from the 1986 es-
timate, although estimates increased 15%-20%
each year from 1984 to 1986 (Table 1). Average
confidence intervals ranged from -23% to +28%.
Estimates of the number of northern squawfish
based on a single mark-recapture estimator were
greater than those calculated with the multiple
mark-recapture estimator (Table 1).

Our estimate of the abundance of northern
squawfish was sensitive to the assumptions used
in the estimator (Table 2). The estimate was most
sensitive to assumptions about the degree of mix-
ing of marked fish throughout the reservoir and

least sensitive to assumptions about growth dur-
ing sampling and removals by anglers in the rang-
es we observed. The direction of bias that resulted
from violations of assumptions also varied. Un-
derestimations of angler harvest, degree of mixing,
and differences in vulnerability of different sizes
all led to the underestimation of abundance. Un-
derestimation of growth during sampling, mor-
tality of marked fish, and nonrecognition of marks
led to the overestimation of abundance.

The index of relative abundance based on CPUE
in three gears indicated northern squawfish were
12-18 times more abundant in the restricted zone
than in the other areas (Figure 1). Relative density
was similar in areas outside the restricted zone.
Differences among areas were significant (Table
3).

Walleyes
The average number of walleyes 250 mm long

or longer in John Day Reservoir from 1984 to
1986 was estimated to be 15,168 (0.8/hectare).
Estimates for 1984 and 1985 did not differ sig-
nificantly from that for 1986 (Table 1). Average
confidence intervals ranged from - 60% to +117%.
Estimates of walleye numbers based on a single
mark-recapture estimator were lower than those
calculated with the multiple mark-recapture es-
timator (Table 1).

Our estimate of walleye abundance was sensi-
tive to violations of assumptions (Table 2). As-
sumptions of growth, angler harvest, and vulner-
ability had minor effects on the estimate of
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RZ
AREA

FIGURE 1.—Indexes of relative abundance of preda-
tors in areas of John Day Reservoir, based on catch per
unit effort from April to August in 1984-1986. Areas
are John Day Dam forebay (F), Arlington (A), Irrigon
(I), McNary tailrace (M), and McNary boat-restricted
zone (RZ). Relative abundance in each area is the pro-
portion of reservoir-wide catch per unit effort, averaged
over fishing gears.

abundance; assumptions of marked fish mortality
and nonrecognition of marks had greater effects.
We were unable to assess the effect of alternative
assumptions about mixing because recapture
numbers were sufficient to support only a pooled-
area estimate. Directions of biases were negative
for assumptions of growth, vulnerability, marked
fish mortality, and nonrecognition of marks. Bias
was positive for an assumption of angler harvest.

Walleyes were unevenly distributed in John Day
Reservoir. Indices of relative density based on
CPUE indicated that most walleyes are up-reser-
voir from Arlington (Figure 1). Area differences
in relative density based on CPUE were significant
(Table 3).

Smallmouth Bass
The average number of smallmouth bass 200

mm long and longer in John Day Reservoir was
34,954 (1.8/hectare) in 1985 and 1986. The value

TABLE 2.—Estimated numbers of John Day Reservoir
predators in 1986, based on alternative assumptions about
the population. The first assumption in each category is
the one required by the mark-recapture method.

Estimated abundance of

Alternative assumption

Small-
Northern mouth
squawfish Walleyes bass

Growth during sampling
None8 109,082 14,036
Half annual increment^0 102,888 12,989
Full annual increment 94,227 12,552

47,630
37,959
31,745

Angler harvest
0%a

5%
10%
20%c

50%

101,996 14,036
102,888 14,204
105,187 14,484
108,571 14,963

Mixing of marked fish in the population
Complete4^ 102,888 14,036
Nonoverlapping 219,128 d

None6 490,540 d

Vulnerability to capture
Equala-b-c 102,888 14,036
Unequal (two size-groups) 127,732 13,227

10%
50%

10%
50%

Marked fish mortality
102,888 14,036
92,961 12,353
53,130 7,138

Nonrecognition of marks
102,888 14,036
93,454 11,702
52,895 7,032

30,113

31,505
37,959
41,439

14,428
13,657
37,959

37,959
48,068

37,959
35,503
24,095

37,959
35,535
24,276

* Degree of violation incorporated in best estimate of walleye
abundance.

b Degree of violation incorporated in best estimate of northern
squawfish abundance.

c Degree of violation incorporated in best estimate of small-
mouth bass abundance.

d Unable to estimate because of too few recaptures.

for 1984 was an underestimate because sampling
did not completely cover the reservoir and sub-
stantial catches by anglers in the lower reservoir
were ignored. Differences between estimates for
1985 and 1986 were probably not significant, al-
though no statistical comparisons were made (Ta-
ble 1). Confidence intervals for estimates averaged
±28%.

Our estimate of abundance of smallmouth bass
was sensitive to assumptions of growth during
sampling, angler harvest, mixing, vulnerability,
marked fish mortality, and nonrecognition of
marks (Table 2). The most important assumption
was that regarding mixing.
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TABLE 3.—Statistical comparisons of catch per unit
effort of predators among different areas* of John Day
Reservoir, based on analyses of variance of log-trans-
formed catch data. Asterisks denote P < 0.01**.

Source of variation df
Northern squawfish

Area (RZ, remaining reservoir)b 1, 2,929 1,351.2**
Area (F, A, I, M) 3,6,178 21.1**
Gear5 2,6,178 459.6**
Area and gear 6,6,178 11.2**

Walleye
3,6,178 186.6**
2,6,178 13.6**
6,6,178 6.3**

SmaUmouth bass
3,2,770 79.2**

Area (F, A, I, M)
Gear*
Area and gear

Area (F, A, I, M)b

* Areas are John Day Dam forebay (F), Arlington (A), Irrigon
(I), McNary tailrace (M), McNary boat-restricted zone (RZ).

b Based on electrofishing only.
c Based on electrofishing, gillnetting, and trapnetting.

Smallmouth bass were unevenly distributed in
John Day Reservoir. Estimates of relative abun-
dance from CPUE indicated that they were most
abundant in the John Day forebay and least abun-
dant in the restricted zone (Figure 1). Differences
among areas were significant (Table 3).

Discussion
We estimated the combined numbers of north-

ern squawfish, walleyes, and smallmouth bass in
John Day Reservoir to be 135,000. We believe
that the net result of biases that we did not account
for resulted in a conservative estimate of the
abundance of these predators. Northern squawfish
composed 76% of these three predators in the res-
ervoir. Underestimation of angler harvest because
of our failure to survey the entire reservoir, in-
complete mixing of marked and unmarked fish,
and underestimation of size-related differences in
vulnerability all contributed to a net underesti-
mation of northern squawfish and walleyes.

The effect of biases that we did not account for
in estimating smallmouth bass numbers is un-
known, but is probably not large. Our assumption
of no mixing outside sampled areas probably led
to an overestimation because some mixing did
occur. The contribution of fish in the John Day
River adjacent to our forebay sampling area added
to the overestimation. Errors in our assumptions
of no added mortality among marked fish and
recognition of all recaptures also would have led
to overestimates. On the other hand, our assump-
tion of equal vulnerability of fish of all sizes to

capture, and a lack of angler harvest data from
Rock Creek, Arlington, and Crow Butte would
have caused underestimation.

At the worst, our total estimate is within the
bounds of 50,000 and 500,000, as judged from
the uncertainty associated with assumptions of the
estimator and the precision related to samples siz-
es. Errors leading to overestimation were all about
50% or less. Of errors leading to underestimation
of numbers, the assumption regarding mixing was
most critical. This assumption resulted in a four-
fold difference for northern squawfish and a two-
fold difference for smallmouth bass. The effects of
all other assumptions leading to underestimation
were less than 50%. The multiplicative effect of
all these uncertainties creates a nearly 10-fold range
of possible values. However, many of these effects
are in opposite directions and might cancel each
other, and the likelihood of all assumptions being
wrong seems remote. In addition, single mark-
recapture estimates were not much larger than
multiple-recapture estimates, implying that in-
complete mixing, which caused most of the un-
certainty, was not a problem. We therefore believe
that a fivefold range of possible values is the "worst
case" bound on our estimate.

Our estimates of predator density are all lower
than those reported by others. We estimate the
density of northern squawfish in John Day Res-
ervoir to be 4.4 fish/hectare. The only other avail-
able estimate of northern squawfish density was
15/hectare in Lake Washington (Bartoo 1977). We
estimated walleye density at 0.8/hectare; no den-
sity less than 7 fish/hectare was reported in a sum-
mary of the walleye literature published by Colby
et al. (1979). Similarly, we estimated density of
smallmouth bass at 1.8 fish/hectare, whereas Car-
lander (1977) reported no density less than 16 fish/
hectare.

We believe low productivity in the reservoir,
limited habitat, and year-class failures, rather than
underestimation, accounted for the lower densi-
ties of northern squawfish, walleyes, and small-
mouth bass than are reported in the literature.
Low productivity would be expected to reduce
standing crops of all predators. Primary produc-
tion in the John Day Reservoir is probably limited
by low water retention, lack of nutrients, lack of
littoral area, and frequent fluctuations in water
level related to hydropower operations.

Large areas of unsuitable habitat contribute to
low densities and to observed patterns of walleye
and smallmouth bass distribution. Walleyes were
seldom found outside the upstream portions of the
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reservoir where favored depths (15 m or less) and
littoral areas (Colby et al. 1979; McMahon et al.
1984) were most common. Densities reported for
other smallmouth bass populations were ap-
proached only in the forebay and Irrigon areas,
where embayments provided preferred velocities
(less than 15 cm/s; Edwards et al. 1983) and pro-
tected conditions (Hjort et al. 1981; Palmer 1982).

Variable spawning success may have contrib-
uted to the small number of walleyes and northern
squawfish. During our study, reproduction by
walleye was below average and the population was
composed primarily of fish from the large 1979
year-class (Rieman and Beamesderfer 1990). Low
recruitment of northern squawfish from 1975 to
1980 (Rieman an Beamesderfer 1990) may also
have depressed the size of that population.

Variable spawning success changed predator
abundance in John Day Reservoir from year to
year. Our ability to discern these differences was
limited by the precision of our estimates, but we
did see a significant 15-20% annual increase in
northern squawfish abundance from 1984 to 1986,
corresponding with an upward trend in recruit-
ment in recent years. We also believe that abun-
dance of walleyes declined during the course of
our study as fish from the 1979 cohort died and
were not replaced by new recruits. A decline was
implied by angler catch rate, which dropped from
17 h/fish in 1983 to 50 h/fish in 1984 and 64
h/fish in 1985 and 1986 (Beamesderfer et al. 1990).
However, this suspected decline was not reflected
in our estimates of abundance.

As judged by their number and distribution,
northern squawfish appear to pose by far the great-
est threat to migrating salmonids. Northern
squawfish were the most abundant predator in
John Day Reservoir, their estimated population
being more than double that of smallmouth bass
and walleyes combined. Northern squawfish were
also the only predator that took advantage of the
increased vulnerability of salmonids below
McNary Dam, by congregating there. Similar con-
centrations of northern squawfish have been seen
at other Columbia and Snake river dams (Sims
1979; Uremovich et al. 1980). Dams apparently
provide unique low-velocity refuges for opportu-
nistic northern squawfish near salmonids that are
dazed and confused by passage. Salmonids are not
major prey items of northern squawfish in rivers
under natural conditions (Falter 1969; Brown and
Moyle 1981; Buchanan et al. 1981), probably be-
cause northern squawfish prefer low-velocity mi-
crohabitats (Beamesderfer 1983; Faler et al. 1988)

and salmonids migrate in fast-flowing water off-
shore, near the surface, at night (Brown and Moyle
1981;Daubieetal. 1984).

On the basis of numbers alone, smallmouth bass
would be a greater threat than walleyes, but this
difference may be reduced by differences in dis-
tribution. Part of the smallmouth bass population
is in slack water in the John Day River arm, where
salmonids moving down the main channel would
not be available. In addition, numbers of walleyes
during the course of our study may have been
depressed because of poor recruitment since 1979.
One or a series of strong year-classes of walleyes
could be expected to greatly alter their numbers
and potential for predation.

We would expect some annual variation in pre-
dation with fluctuations in the number of preda-
tors driven by variations in year-class strengths
(Rieman and Beamesderfer 1990). We saw some
evidence of annual variation in numbers of north-
ern squawfish, but uncertainties in estimates of
abundance made annual variations difficult to de-
tect. The magnitude of potential variation in loss
to predation between years could be better ad-
dressed with simulations in which predator pop-
ulations were regulated by variable recruitment.

Estimating the abundance and distribution of
fish in a large reservoir is a difficult task subject
to uncertainties in inferences from a sample of the
population and in assumptions of the estimators.
No single approach or estimate is entirely satis-
factory, but a series of alternatives bound the range
of uncertainty. Thus we cannot make point esti-
mates with high confidence, but we are confident
that abundance and estimates of predation based
on abundance are within the prescribed range and
that our estimates are conservative.
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