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Abstract

American shad Alosa sapidissima in the middle Columbia River (MCR)—a high energy
food available in the summer and fall—may be contributing to the increased growth and
enhanced condition of nonnative piscivores. To test this hypothesis we quantified the late
summer and autumn diets of smallmouth bass Micropterus dolomieu, walleye Sander vitreus,
and channel catfish Ictalurus punctatus in the three lowermost reservoirs on the Columbia River
(Bonneville [BON], The Dalles [TDA], and John Day [JDA]). The diet of smallmouth bass
(SMB) was fairly similar among reservoirs, with crustaceans (52—82%) and fish (13-38%) being
the dominant prey groups by percent mass. Cottidae were usually the dominant fish prey in the
diet of SMB at all areas and the contribution of juvenile shad ranged from 0-8.2%. Fish (mostly
Cyprinidae and Cottidae) were always the dominant prey item for walleye (WAL) at all areas
and at all times, ranging from 70-100% of their diet by mass. Juvenile American shad composed
from 10-27% (by mass) of the diet of walleye, depending on area and month. For channel catfish
(CHC), the most common prey items consumed were crustaceans (20%-80% by mass) and
unidentified items (30%-80%). Fish represented a relatively small component (< 4%) of their
diet. We also evaluated the condition of SMB and WAL by determining relative weights (W)
and hepatosomatic indices (HSI). Mean W, for SMB greater than 300 mm ranged from 0.89 to
0.94 depending on area and month and showed a significant increase from August to September
for fish in BON only. Overall, mean W, of WAL was similar at all areas, ranging from 0.89—
0.91, and increased significantly from September to mid-October and November for fish in TDA
only. Overall, mean HSI of SMB ranged from 1.18 to 1.48, did not differ between fish in
different reservoirs, and increased significantly from September to mid-October and November

for fish from the lower JDA only. Mean HSI of WAL was significantly higher in October and



November (0.9520.24) than in August (0.73+0.22). Collectively, our results are the first to
describe the diets of SMB, WAL, and CHC over a large spatial area in the MCR during late
summer and fall. Only SMB and WAL consumed relevant amounts (up to 27% by mass for
walleye) of American shad, however the influence of this diet item on their condition was not
discernible because these fish showed only slight increases in condition indices that did not
always correspond to a dietary shift that included an increase in shad consumption, and we could
not discount the importance of other prey items. Our results should be useful for future

discussions regarding predation and shad management in the Columbia River.



Introduction

Nonnative species pose a threat to native fauna and are a factor contributing to the
decline of nearly half the species protected under the Endangered Species Act (ESA; Czech and
Krausman 1997; Wilcove et al. 1998). From about 1892 to 1950, nonnative piscivores, such as
smallmouth bass Micropterus dolomieu, walleye Sander vitreus, and channel catfish Ictalurus
punctatus, were introduced into the Columbia River Basin (CRB; Wydoski and Whitney 2003)
to enhance sport fishing opportunities. With the construction of hydropower facilities and
reservoirs in the CRB, these fishes have established self-sustaining populations and have become
significant predators, in some cases, on ESA-listed salmonids (Poe et al. 1991).

Another introduced species, the anadromous American shad Alosa sapidissima, colonized
the CRB soon after being introduced into the Sacramento River, California in 1871 (Petersen et
al. 2003). From 1938 to 1957 few American shad crossed Bonneville Dam, but after construction
of The Dalles Dam in 1957 (allowing passage over Celilo Falls, a historic passage barrier), their
population increased, averaging almost 300,000 adult fish passing Bonneville Dam each year
from 1958 to 1974 (Petersen et al. 2003; Figure 1). Fish ladders in the lower CRB, however,
were not designed for American shad, and large numbers of these fish collected in the ladders
due to inhibited passage (Monk et al. 1989). There was concern that aggregation of American
shad in the ladders could impact passage of salmonids so the ladders at Bonneville Dam and
John Day Dam were modified to improve passage of adult American shad. After these passage
modifications, the number of adult shad passing Bonneville Dam increased six-fold, averaging
nearly two million fish per year. Most American shad now spawn in the middle Columbia River

(MCR; the Columbia River upstream of Bonneville Dam and downstream of McNary Dam), and



juvenile American shad are present in reservoirs of the MCR during the late summer through fall
(Gadomski and Barfoot 1998; Petersen et al. 2003; Haskell et al. 2006).

Availability of a high energy food source such as juvenile American shad in the fall may
bolster the growth and condition of nonnative piscivores prior to the onset of winter and perhaps
improve their overwinter survival. Little is known, however, about the diet of nonnative
piscivores in the fall because almost all sampling from previous food habit studies was timed to
correspond with the outmigration of juvenile salmonids (i.e., spring and summer; see Poe et al.
1991; Zimmerman 1999; Naughton et al. 2004). Until now, only northern pikeminnow
Ptychocheilus oregonensis have been shown to consume significant quantities of juvenile
American shad in the late summer (Poe et al. 1991; Petersen et al. 1994). This does not mean,
however, that the nonnative piscivores do not eat juvenile shad but instead probably reflects the
consequences of sample timing and location. Juvenile American shad in the MCR move
downstream in late summer (Haskell et al. 2006), and previous sampling for smallmouth bass
(SMB), walleye (WAL), and channel catfish (CHC) likely occurred at times and locations where
the spatial overlap between these predators and juvenile shad was minimal. We suspect,
however, that there is spatial and temporal overlap of juvenile American shad and nonnative
predators following summer because they both use mainstem shorelines as well as sloughs and
backwater habitats (Limburg 2001; Gadomski and Barfoot 1998; Petersen et al. 2003).

Others have hypothesized that nonnative predators consume juvenile American shad in
the fall and that consumption of this high energy food source improves their growth and
condition, increasing overwinter survival (Sauter et al. 2004). As a first step towards testing this
hypothesis, we documented the food habits of SMB, WAL, and CHC in the MCR from August

through mid-November. We specifically focused on the proportion of juvenile American shad in



the diets of these predators during this time and used this information to determine if
consumption of this specific diet item improved their condition. We evaluated predator condition
by calculating relative weights (W;) and hepatosomatic indices (HSI) of fish in each month.
Improved condition in late fall may result in increased overwinter survival and a greater
predatory demand for ESA-listed salmonids the following spring and summer. Information from
this study will guide management decisions for American shad in the CRB.

Methods

Study area—The MCR comprises three reservoirs formed by large hydroelectric projects
(Figure 1), including Bonneville Dam (BON; rkm 234), The Dalles Dam (TDA; rkm 308), and
John Day Dam (JDA,; rkm 347). The three reservoirs are 74, 39, and 123-km-long and range in
mean elevation from 23-81 m. Within these three reservoirs, there are about 683 km of shoreline
and 31,306 hectares of water surface area (Ward et al. 1995). Temperatures in the reservoirs
range from about 4 to 27°C (Poe et al. 1991). The reservoirs are likely mesotrophic and
polymictic, although partial stratification can occur during summer (Hjort et al. 1981; Poe et al.
1991).

Fish collection—We collected SMB, WAL, and CHC at fixed sites within each reservoir
by netting, set lining, angling, and electrofishing from 1 August to 10 November 2011. Sites
included near-dam areas (forebay and tailrace zones) and mid-reservoir areas away from dams
and were similar to those being used by the northern pikeminnow management program (see
Ward et al. 1995; Beamesderfer et al. 1996). For netting, we sampled with gillnets (1.8-m-deep,
either 24 or 50-m-long, and containing panels of 3.8, 5.1, 6.4, 7.6, and 8.9 cm bar mesh), fyke
nets (1.8 x 0.9-m double throated box with 2.6 cm #126 mesh), trammel nets (50.0-m-long x 1.8-

m-high, 30.5 cm outer mesh and 3.8 cm inner mesh), and 0.8 m hoop nets (4.3-m-long with 2.6



cm #15 mesh). Depending on habitat availability at each location, we set nets in both nearshore
and offshore areas and often constrained netting efforts to smaller sections of each area so that
gear could be quickly reached and removed in response to changing weather. We targeted areas
previously known to have high concentrations of nonnative piscivores, which minimized the
time needed to catch an adequate sample. We also collected some fish from the juvenile white
sturgeon Acipenser transmontanus stock assessments conducted by the Washington and Oregon
Departments of Fish and Wildlife. For set lining, which mainly targeted CHC, we used 13-16
baited #4 to 3/0 hooks per line and fished them at various depths. We conducted hook and line
angling for fish during the interim periods when other gear was deployed, targeting suitable
habitat and using gear and artificial lures known to be productive in the MCR. For angling, effort
was defined as a continuous period of sampling that lasted until we needed to process fish or
retrieve nets. Finally, we collected some fish via boat electrofishing when water temperatures
were below 18°C, which occurred only after early to mid-October. For this, each sampling area
was divided into several nearshore transects that were about 500 m long. The number of transects
depended on the length of the site, and a standardized effort of 15 min of continuous output at 4
A was used for each transect. We randomly selected which transects were sampled each day.
Upon capture, all fish were anesthetized with either 200 mg/L MS-222 for fish that were
sacrificed or one tablet of Alka-Seltzer Gold® in 2.5 L of water for fish that were released. We
measured fork length (FL) of all fish to the nearest mm and weight of most fish to the nearest g;
some fish were not weighed due to mechanical difficulties in the field. We estimated the mass of
unweighed fish using length-weight relations derived from all measured fish with outliers
removed (Motulsky and Brown 2006). We removed stomach contents of SMB and WAL 150

mm and larger by gastric lavage with a modified Seaburg sampler (Seaburg 1957). Entire



stomachs were removed from CHC by dissection. Individual samples were placed in labeled
plastic bags and preserved in 70% alcohol.

Diet analysis—We identified prey items under a dissecting microscope and the level of
taxonomic resolution varied by prey type. Mollusks and annelids were identified to class, insects
to order, crayfish, prawns, and shrimps to genus, and fish to genus or species. Other food items
included vegetation and various unidentified items. Individuals within each category were
counted, placed on a paper towel for 30 s, and weighed to the nearest 0.001 g. Partially digested
prey fish were identified using diagnostic bones (Hansel et al. 1988) and we apportioned the
mass of unidentified fish parts proportionally among the masses of identified taxa within a diet
sample. Fish parts in the absence of identified taxa were simply classified as unidentified fish
prey.

For each prey category, we determined its frequency of occurrence and its average
contribution to the diet by calculating mean percent number and weight for three sample periods
in each reservoir. The first sample period was 1 August through 1 September, the second was
from 6 September through 6 October, and the third period was from 10 October through 10
November. The first period was generally a time of nearshore rearing for juvenile American shad
and the second and third periods corresponded to times of rearing and outmigration (Gadomski
and Barfoot 1998; Petersen et al. 2003; Haskell et al. 2006).

Influence of juvenile shad consumption on predator condition—To determine the
possible influence of juvenile shad consumption on the condition of SMB and WAL (the only
fish that ate potentially relevant amounts of juvenile shad), we calculated relative weight (W)
and hepatosomatic index (HSI) of these fish relative to location and sample period. To determine

W, we used the standard weight (Ws) equations from Blackwell et al. (2000). Fork lengths were



converted to total lengths (TL) using the equations in Carlander (1977) and Murphy et al. (1990).
We calculated W, by dividing the weight of each fish over 200 mm by W; for a fish of the same
length. We calculated mean W, for the three sample periods described above and for each
reservoir. Mean W, of subadult SMB (< 300 mm) and adult SMB (> 300 mm; Scott and
Crossman 1973) and adult WAL were compared between consecutive sample periods within
each reservoir with analysis of variance (ANOVA) followed by the Bonferroni procedure. We
also tested if mean W, for each group was significantly different than W (i.e., 1.00) with one
sample t-tests.

To evaluate temporal and spatial differences in HSI, a subsample of SMB and WAL from
specific areas were sacrificed. For our temporal assessment, we collected fish from a restricted
area in the middle of JDA reservoir; SMB were collected during all three sample periods and
WAL were collected during periods one and three only. For our spatial assessment, we sampled
SMB only from each reservoir during the third sample period. Our intent was to determine if HSI
changed over time and differed between fish in different reservoirs relative to diet. After
collection, fish were placed in a lethal dose (200 mg/L) of buffered MS-222, measured and
weighed, placed singly in a labeled plastic bag, and placed on ice for transport to our laboratory
where they were frozen for later analysis. At the laboratory, the carcasses were slightly thawed,
and we removed the viscera (without gonads) and a whole skinless fillet from the left side of
each fish (for analysis of their proximate composition; data not available for this report). The
liver was removed from the viscera and weighed for calculation of HSI (i.e., 100 x liver
weight/body weight. We compared mean arcsine transformed HSI for each species between
sample periods and reservoirs using ANOVA as described above. The level of significance for

all tests was 0.05 and we present data as untransformed.



Results
Catch Data

We set 457 gillnets, 222 trammel nets, 88 fyke nets, 98 set lines, and 22 hoop nets. We
also angled for 242 efforts and electrofished 227 transects; effort for all gear types was similar
between reservoirs (data not shown). We captured 1,589 SMB, 143 WAL, and 260 CHC. Our
catch of SMB was distributed widely throughout the MCR, with 44% caught from JDA, 31%
from TDA, and 25% from BON. In contrast, catches of WAL and CHC were predominantly at
JDA. We caught 61% of our WAL and 97% of our CHC from JDA, 28% and 2% from TDA, and
11% and 1% from BON.
Diets of Nonnative Piscivores in the MCR

Smallmouth bass—Of the 1,589 SMB collected (ranging in size from 150-484 mm), 79%
had food in their stomachs representing six major prey types (Appendix Tables 1-3). The diet of
SMB was fairly similar among the reservoirs, with crustaceans and fish being the most important
prey groups by percent mass (Figure 2). Crustaceans composed from 52-82% and fish from 13—
38% of the diet by mass, depending on reservoir and sample period. The crustacean portion of
the diet was dominated by crayfish at all areas, with amphipods (mainly Corophium spp.) and
mysid shrimp (probably Neomysis mercedis) showing variable percentages by mass (1-27%;
Appendix Tables 1-3). Cottidae were usually the most important fish prey in the diet at all areas
(Appendix Tables 1-3), and the contribution of juvenile shad to the diet ranged from 0-8.2%
(Figure 2).

The diet of SMB showed some differences over time, but more so at BON and TDA than
JDA (Figure 2). At BON, the percent by mass of all fish items in the diet increased from 14%

during period 2 to 38% during period 3 (Figure 2). At TDA, the percent by mass of fish in the



diet increased from about 20% to almost 32% from period 2 to 3. At, JDA the percent by mass of
fish in the diet ranged from 17-22%. Increases in fish consumption were accompanied by
decreases in the consumption of crustaceans. Juvenile shad were found in the diets of SMB
during all sample periods but was highest during sample period 3, ranging from 2—8%.
Crustaceans were the most important prey item for SMB of all sizes during sample period 1 and
2 (Figure 3). However, SMB larger than 300 mm showed a marked increase in fish consumption
during sample period 3 at BON and TDA (Figure 3). Smallmouth bass of all sizes consumed a
smaller percent mass of American shad in JDA than fish from other reservoirs.

Walleye.—Two-thirds of the 143 WAL (208-740 mm) we captured contained prey items.
Fish were always the most important prey item for WAL at all areas and at all times, ranging
from 70-100% of their diet by mass (Figure 4). At BON, Cyprinidae were the most important
prey fish, and Cottidae were the most important at TDA and JDA (Appendix Tables 4-6).
American shad made up 27% (by mass) of the diet of WAL in BON during the third sample
period, 11% of their diet in TDA during the second period, and 10% and 16% of their diet in
JDA during the second and third sample periods (Figure 4). However, unidentified fish, which
made up 16-34% (by mass) of the diet of WAL in BON, 18-93% of their diet in TDA, and 32—
40% of their diet at JDA, indicate that the diet of WAL is somewhat ambiguous.

Channel catfish—Eighty-four percent of the 260 CHC (158-652 mm) collected contained
food items. The most common prey items consumed by channel catfish in all areas were
crustaceans (from 16% to 74% by mass) and all other items but fish (30% to 83% by mass;
Figure 5). Fish represented a relatively small component (< 4% by mass) of the CHC diet, except
for TDA during period 2 (29% by mass; Appendix Tables 7-9). Cyprinidae, American shad, and

salmonids were the only identifiable prey fish consumed (Appendix Tables 7-9). In JDA, where



enough fish were collected to allow for temporal comparisons, the percentage by mass of
crustaceans decreased over time while the percentage by mass of fish, mollusks, insects, and
other items increased (Appendix Table 9).

Temporal changes in predator condition

Relative weight—Mean W, for subadult SMB was highest in BON (0.98 + 0.01 for all
periods combined) and TDA (0.98 £ 0.01) and lowest at JDA (0.94 + 0.01; Figure 6). At BON
and JDA, W, was similar during the first two sample periods and decreased significantly in
period 3 (Figure 6). At TDA, W, increased significantly from sample period 1 to 2 and was stable
thereafter (Figure 6). Relative weights were equal to or less than W for all comparisons.

Mean W, for adult SMB was highest at BON (0.94 + 0.09), lowest at JDA (0.89 + 0.09),
and intermediate at TDA (0.92 + 0.09; Figure 6). At BON, W, increased significantly from
sample period 1 to 2 and was stable thereafter (Figure 6). At TDA and JDA, mean W, of adult
SMB increased 4% to 5% between each of the sample periods, but results did not differ
significantly. Relative weights were significantly lower than W, for all sample periods.

Overall, mean W, of WAL was similar at all areas, ranging from 0.89-0.91 (Figure 7). At
all areas, mean W, of WAL did not differ between sample periods 1 and 2 but increased
significantly (14%) at TDA from sample period 2 to 3 (Figure 7). At JDA, mean W, of WAL
increased 6% from sample period 2 to 3, but this increase was not significant. Relative weights
were equal to W, for sample period two at BON and less than W for all other comparisons.

Hepatosomatic index—Overall, mean HSI of SMB was highest at BON (1.48 + 0.49),
lowest at JDA (1.18 £ 0.29), intermediate at TDA (1.27 + 0.56) and did not differ significantly
(Figure 8). Mean HSI of SMB in the lower MCR was highest for sample period three (1.18

0.29), lowest for period two (0.91 £ 0.26), and intermediate for period one (1.01 + 0.21); the



increase between sample period 2 and 3 was significant (Figure 8). Mean HSI for WAL was
significantly higher in sample period 3 (0.95 £ 0.24) than 1 (0.73 + 0.22; Figure 9).
Discussion

This is the first study to describe the diet of smallmouth bass, walleye, and channel
catfish over a large spatial area in the MCR during late summer and fall. We were most
interested in the contribution of juvenile American shad to their diets and the possible influence
of this high calorie diet item on predator condition prior to the onset of winter. Although our
results indicate that only SMB and WAL consumed relevant amounts (up to 27% by mass for
WAL) of American shad, the influence of this specific diet item on their condition was not
unequivocally discernible. This was because SMB and WAL showed only slight (but sometimes
significant) increases in our indicators of condition, such increases did not always correspond to
a dietary shift that included an increase in shad consumption, and we could not discount the
importance of other prey items. Regardless, the diet information collected during our study is
new and important and should be useful for future discussions regarding predation or American
shad management. We should note that our study was conducted during a high water year with a
relatively small (in terms of number) run of adult American shad above BON that probably
reduced and delayed out-migrating juvenile shad compared to normal flow years. Our second
field season, which is currently ongoing and being conducted under a normal flow year, may
clarify questions related to the influence of juvenile American shad on predator condition.

The diets of SMB and WAL in our study were similar to those of fish in the lower and
mid-Columbia River during the spring and summer. For example, both Poe et al. (1991) and
Zimmerman (1999) found that crayfish and Cottidae were important prey for SMB, and fish

were the dominate prey item for WAL. The variety of foods in many CHC stomachs, such as



agricultural grains, terrestrial and aquatic vegetation, detritus, insects, crayfish, mollusks, and
occasionally salmon eggs, suggests omnivorous feeding and scavenging behavior during summer
and fall, which is similar to the results of others (Bailey and Harrison 1948; Davis 1959; Tyus
and Nikirk 1990). Our results contrast with those of Poe et al. (1991) who reported that CHC ate
considerable quantities of fish, mostly salmonids and Cottidae, in the tailrace area of JDA during
spring. We also noticed that mysid shrimp were an common prey item for smaller SMB (150-
200 mm) and CHC, which contrasts with other fish food habits literature for the MCR
(summarized by Stanford et al. 2006). Stanford et al. (2006) concluded that mysid shrimp were
not a major component of the Columbia River food web, but we suspect that exotic species such
as mysid shrimp, the Siberian prawn Exopalaemon modestus, the New Zealand mud snail
Potamopyrgus antipodarum, and the rusty crayfish Oronectes rusticus are increasing in the CRB,
which could alter the food web and warrants further study. It is also noteworthy that smaller
SMB and CHC consumed considerable amounts of Corophium (probably mostly C. salmonis).
The upstream range expansion of Corophium may negatively affect the food base in the CRB
because they have a lower nutritional value than the native invertebrates they displace (De La
Noue and Choubert 1985; Rondorf 1990). On the other hand, Corophium is an important food
source for juvenile salmonids (Haskell et al. 2006). Clearly, as species expand their range and
more exotics become established, the food web and the dynamics and role of predation in the
CRB ecosystem will require continued study.

As previously mentioned, a major focus of our work was to determine if nonnative
piscivores consume juvenile American shad in the fall and whether the consumption of this high
energy food source improves their condition prior to winter. For this idea to have merit, we had

to see two things: (1) marked increases in the consumption of shad relative to other prey items;



and (2) significant increases in condition of predators concomitant with this change in diet. For
larger (> 250 mm) SMB, we did see increases in shad consumption of up to 28% (by mass) for
fish at BON and TDA in sample periods 2 and 3. However, the only significant increase in W,
we observed was from sample period 1 to 2 at BON—when shad consumption was relatively
low. For HSI, which is one of the more sensitive indicators of growth and nutritional status for
fish (Heidinger and Crawford 1977; Bulow et al. 1978; Allen and Wootton 1982; Adams and
McLean 1985), we observed a significant increase in HSI of SMB from sample period 2 to 3—
but for fish captured at JDA only. Since SMB at JDA ate very small quantities of American shad,
it is unlikely that the increase in HSI was a result of increased shad consumption. Finally, we
saw no significant differences in HSI from SMB in the different reservoirs, indicating that SMB
that ate shad (i.e., those from BON and TDA) had a nutritional status similar to that of fish that
ate very small quantities of shad (i.e., fish from JDA). For WAL, the story was much the same—
although they did show some increases (up to 26% by mass) in shad consumption during periods
2 and 3, such increases were not concomitant with increases in condition. Statements about the
relation between shad consumption and predator condition may become more conclusive after
our second field season. Our second field season is currently occurring under a more normal
water year and may have a greater abundance of juvenile shad. Hence, we may see juvenile
American shad become more important in our targeted predator diets. We hope that data
collected this year will help clarify questions related to nonnative predator diets, shad
consumption, and predator condition.
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FIGURE 1.—Map of the middle Columbia River (MCR) showing the four lowermost dams and

the three reservoirs that were sampled during 2011.
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FIGURE 2.—Composition (mean percent mass) of smallmouth bass diets in the three mid-
Columbia River Reservoirs (MCR) for three sampling periods during 2011. BON = Bonneville
reservoir, TDA = The Dalles reservoir, and JDA = John Day reservoir. Sample period 1 was 1

Aug — 1 Sept, period 2 was 6 Sept — 6 Oct, and period 3 was 10 Oct — 10 Nov.
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FIGURE 3.—Diet composition (mean percent mass) of various size classes of smallmouth bass

from three reservoirs in the middle Columbia River. Sample periods were 1 Aug - 1 Sept (T1), 6

Sept - 6 Oct (T2), and 10 Oct - 10 Nov (T3). Numbers above each bar are the sample size.
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FIGURE 4.—Composition (mean percent mass) of walleye diets in the three mid-Columbia
River Reservoirs (MCR) for three sampling periods during 2011. BON = Bonneville reservoir,
TDA = The Dalles reservoir, and JDA = John Day reservoir. Sample period 1 was 1 Aug — 1

Sept, period 2 was 6 Sept — 6 Oct, and period 3 was 10 Oct — 10 Nov.
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FIGURE 5.—Composition (mean percent mass) of channel catfish diets in the three mid-
Columbia River Reservoirs (MCR) for three sampling periods during 2011. BON = Bonneville
reservoir, TDA = The Dalles reservoir, and JDA = John Day reservoir. Sample period 1 was 1

Aug — 1 Sept, period 2 was 6 Sept — 6 Oct, and period 3 was 10 Oct — 10 Nov.
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FIGURE 6.—Relative weight of subadult (<300mm; left graphs) and adult (>300mm; right
graphs) smallmouth bass for three sample periods. Periods were 1 Aug - 1 Sept, 6 Sept - 6 Oct,
and 10 Oct - 10 Nov. The upper and lower boundaries of the box are the 25™ and 75" quartiles,
the horizontal line is the median, + is the mean, the whiskers are the 5" and 95™ confidence
intervals, and outliers are dots. Minus symbols indicate that W, was significantly less than
standard weight and asterisks indicate that values from consecutive periods were significantly

different (P < 0.05). Sample sizes ranged from 29 to 115.
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FIGURE 7.—Relative weight of walleyes for three sample periods. Periods were 1 Aug - 1 Sept,
6 Sept - 6 Oct, and 10 Oct - 10 Nov. The upper and lower boundaries of the box are the 25™ and
75" quartiles, the horizontal line is the median, + is the mean, the whiskers are the 5™ and 95™
confidence intervals, and outliers are dots. Minus symbols indicate that W, was significantly less
than standard weight and asterisks indicate that values from consecutive periods were

significantly different (P < 0.05). Sample sizes ranged from 3 to 28.
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FIGURE 8.—Temporal (top panel) and spatial (lower panel) variation in hepatosomatic index
(HSI) of smallmouth bass from the middle Columbia River. The three sample periods were 1
Aug — 1 Sept, 6 Sept - 6 Oct, and 10 Oct - 10 Nov; only fish from the lower middle area of JDA
were used. The spatial comparisons used fish collected from each reservoir during sample period
three only; BON = Bonneville reservoir, TDA = The Dalles reservoir, and JDA = John Day
reservoir. The upper and lower boundaries of the box are the 25" and 75" quartiles, the

horizontal line is the median, + is the mean, and the whiskers are the 5" and 95" confidence



intervals. An asterisk indicates that values from consecutive samples were significantly different

(P < 0.05). Sample sizes ranged from 8 to 16.
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FIGURE 9.—Temporal variation in hepatosomatic index (HSI) of walleyes from the lower
middle area of John Day reservoir. The two sample periods were 1 Aug - 1 Sept and 10 Oct — 10
Nov. The upper and lower boundaries of the box are the 25" and 75" quartiles, the horizontal
line is the median, + is the mean, and the whiskers are the 5™ and 95™ confidence intervals. All
values fall within the 5" and 95" confidence intervals. An asterisk indicates that values were

significantly different (P < 0.05). Sample sizes were 16 for period 1 and 18 for period 3.
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TABLE Al—Frequency of occurrence (O), mean percent by number (N), and mean percent by

mass (M) of prey items consumed by smallmouth bass during three periods in Bonneville

Reservoir, Columbia River, 2011. Counts of samples that contained a diet item were 146, 106,

and 68 for periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct —10 Nov

Diet item O N M 0] N M 0] N M
Fishes 30.8 124 127 226 115 136 50.0 325 37.7
Catostomidae 0.7 0.7 0.7 0.0 0.0 0.0 4.4 1.4 2.2
Centrarchidae 00 00 00 09 0.2 0.4 00 00 00
Clupeidae 07 07 07 00 00 00 88 45 6.0
Cottidae 8.9 3.3 6.1 9.4 34 5.7 11.8 56 8.4
Cyprinidae 34 11 0.9 3.8 2.8 3.5 8.8 46 8.1
Salmonidae 14 03 02 0.0 00 0.0 15 02 03
Unidentified 199 64 43 11.3 51 4.0 324 162 128
Crustaceans 938 79.7 818 906 772 785 824 596 59.1
Amphipoda 21.2 109 538 151 65 2.0 132 83 56
Decapoda 82.2 58,6 69.1 83.0 632 711 735 494 519
Mysida 158 9.6 6.8 11.3 6.6 4.5 2.9 1.5 1.2
Other or unidentified 27 06 0.0 09 09 09 15 05 05
Mollusks 34 07 0.6 2.8 0.6 0.0 4.4 24 0.9
Insects 103 31 24 4.7 2.3 2.5 8.8 2.7 0.8
Other 3.4 1.3 0.6 94 41 11 1.5 04 00
Unidentified 7.5 2.8 1.9 113 44 4.3 8.8 2.4 1.4




TABLE A2—Percent frequency of occurrence (O), mean percent by number (N), and mean
percent by mass (M) of prey items consumed by smallmouth bass during three periods in The
Dalles Reservoir, Columbia River, 2011. Counts of samples that contained a diet item were 74,

105, and 184 for periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item 0] N M 0] N M O N M
Fishes 324 149 18.7 36.2 17.6 204 39.7 283 315
Catostomidae 27 11 09 00 00 00 1.1 06 06
Centrarchidae 54 20 29 00 00 00 16 11 11
Clupeidae 00 00 0.0 76 40 52 92 64 82
Cottidae 135 55 838 133 44 6.9 49 18 38
Cyprinidae 54 23 138 0.0 00 00 49 32 34
Salmonidae 14 02 00 10 10 10 05 05 05
Unidentified 122 38 44 19.0 82 73 245 146 139
Crustaceans 946 80.5 80.6 89.5 675 73.0 625 516 52.0
Amphipoda 23.0 103 3.2 95 39 07 26.1 16.2 129
Decapoda 81.1 60.3 69.0 83.8 56.5 67.9 37.0 26.1 287
Mysida 162 94 84 124 6.0 34 13.0 84 93

Other or unidentified 27 05 0.0 19 11 1.0 16 11 1.1

Mollusks 41 06 0.0 38 13 0.2 05 03 00
Insects 122 33 03 143 65 16 65 37 25
Other 14 03 0.0 6.7 27 10 43 20 10

Unidentified 27 04 03 124 44 3.8 201 140 129




TABLE A3—Frequency of occurrence (O), mean percent by number (N), and mean percent by
mass (M) of prey items consumed by smallmouth bass during three periods in John Day
Reservoir, Columbia River, 2011. Counts of samples that contained a diet item were 161, 176,

and 230 for periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item @) N M @) N M @) N %M
Fishes 26.7 115 16.6 358 182 220 222 144 176
Catostomidae 25 15 23 06 00 04 1.7 08 13
Centrarchidae 06 06 06 1.1 03 03 1.7 09 12
Clupeidae 00 00 0.0 1.1 09 11 22 13 15
Cottidae 124 35 1.7 153 82 120 6.5 3.1 5.0
Cyprinidae 2.5 0.9 1.0 2.3 0.6 0.6 2.6 1.3 2.1
Gasterosteidae 06 06 06 00 00 00 00 00 00
Ictaluridae 00 00 00 06 02 05 00 00 00
Percidae 00 00 00 00 00 00 1.3 05 08
Salmonidae 2.5 0.4 1.2 1.1 0.2 0.3 0.9 0.2 0.3
Unidentified 9.3 3.8 3.2 193 738 6.7 117 64 54
Crustaceans 88.8 749 T1.7 85.8 733 729 835 76.0 753
Amphipoda 193 108 3.8 250 101 4.2 409 311 265
Decapoda 789 578 69.3 68.2 474 56.9 426 30.6 347
Mysida 11.8 5.7 4.5 22.7 139 10.0 191 128 123
Other or unidentified 25 06 01 34 19 17 52 15 17
Mollusks 25 09 06 1.7 06 05 09 06 00
Insects 205 7.7 3.1 136 3.3 0.3 5.7 3.0 1.5
Other 5.6 2.1 0.9 4.0 1.2 0.1 1.3 0.7 0.2

Unidentified 106 29 1.2 91 33 42 117 54 53




TABLE A4—Frequency of occurrence (O), mean percent by number (N), and mean percent by

mass (M) of prey items consumed by walleye during three periods in Bonneville Reservoir,

Columbia River, 2011. Counts of samples that contained a diet item were 0, 5, and 5 for periods

1,2, and 3.
1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item O N M O N M O N M
Fishes - - - 100.0 77.0 94.3 100.0 98.2 100.0
Clupeidae - - = 0.0 00 00 400 17.7 265
Cyprinidae - - = 80.0 34.7 784 60.0 33.3 40.0
Unidentified - - = 80.0 423 159 80.0 471 335
Crustaceans - - - 200 4.0 0.0 200 18 0.0
Mollusks - - - 200 100 0.1 0.0 00 00
Insects - - = 0.0 00 00 0.0 00 00
Other - - - 40.0 9.0 5.6 0.0 00 0.0
Unidentified - - = 0.0 00 00 0.0 00 0.0




TABLE A5—Frequency of occurrence (O), mean percent by number (N), and mean percent by
mass (M) of prey items consumed by walleye during three periods in The Dalles Reservoir,

Columbia River, 2011. Counts of samples that contained a diet item were 17, 6, and 5 for periods

1,2,and 3.
1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov
Diet item O N M O N M O N M

Fishes 76.5 447 70.0 100.0 86.1 99.8 100.0 83.3 9838
Centrarchidae 00 00 0.0 16.7 16.7 16.7 0.0 0.0 00
Clupeidae 00 00 00 16.7 83 107 00 00 00
Cottidae 529 198 46.1 00 00 00 00 00 00
Cyprinidae 00 00 00 00 00 00 200 50 54
Salmonidae 59 29 55 00 00 00 200 5.0 0.0
Unidentified 412 219 184 833 611 724 100.0 73.3 933
Crustaceans 58.8 472 214 333 139 02 0.0 0.0 00
Amphipoda 412 258 81 16.7 4.2 0.1 0.0 00 0.0
Decapoda 353 196 132 333 97 01 00 00 00
Mysida 59 17 01 00 00 00 00 00 00
Other or unidentified 59 02 0.0 0.0 0.0 0.0 0.0 00 00
Mollusks 59 2.9 2.4 0.0 0.0 0.0 200 5.0 1.0
Insects 59 29 00 00 00 00 00 00 00
Other 118 2.2 6.2 0.0 0.0 0.0 200 5.0 0.0

Unidentified 00 00 0.0 0.0 0.0 0.0 200 6.7 0.2




TABLE A6—Frequency of occurrence (O), mean percent by number (N), and mean percent by
mass (M) of prey items consumed by walleye during three periods in John Day Reservoir,
Columbia River, 2011. Counts of samples that contained a diet item were 21, 16, and 20 for

periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item O N M O N M O N M
Fishes 81.0 529 695 81.3 61.8 80.8 95.0 87.9 95.0
Clupeidae 0.0 00 00 125 65 104 20.0 142 156
Cottidae 33.3 121 246 31.3 193 31.0 40.0 225 37.8
Cyprinidae 0.0 00 00 0.0 00 00 100 6.3 50
Salmonidae 95 71 6.7 0.0 00 00 00 0.0 0.0
Unidentified 524 33.6 38.2 56.3 36.0 395 60.0 40.0 316
Crustaceans 381 242 111 313 133 24 150 88 50
Amphipoda 286 199 88 188 6.0 0.0 50 25 00
Decapoda 143 41 19 125 63 23 00 0.0 0.0
Mysida 48 02 04 6.3 10 0.0 100 6.3 5.0
Mollusks 95 24 15 0.0 00 00 0.0 0.0 0.0
Insects 23.8 4.7 35 125 89 0.1 50 1.7 0.0
Other 48 32 46 125 58 4.2 00 0.0 0.0

Unidentified 19.0 12.7 9.9 18.8 10.3 125 50 17 00




TABLE A7—Frequency of occurrence (O), mean percent by number (N), and mean percent by
mass (M) of prey items consumed by channel catfish during three periods in Bonneville
Reservoir, Columbia River, 2011. Counts of samples that contained a diet item were 0, 0, and 2

for periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item O N M O N M O N M
Fishes - - - - - - 50.0 100 0.8
Unidentified - - - - - - 50.0 10.0 0.8
Crustaceans - - = - - - 100.0 35.0 15.9
Decapoda - - = - - - 50.0 10.0 34
Mysida - - = - - = 50.0 250 124
Mollusks - - - - - - 50.0 100 11
Bivalvia - - - - - - 50.0 100 11
Insects - - - - - - 00 00 0.0
Other - - - - - - 50.0 100 6.6
Worms and leeches - - - - - - 50.0 10.0 6.6

Unidentified - - - - — — 1000 350 756




TABLE A8—Frequency of occurrence (O), mean percent by number (N), and mean percent by
mass (M) of prey items consumed by channel catfish during three periods in The Dalles
Reservoir, Columbia River, 2011. Counts of samples that contained a diet item were 0, 2, and 1

for periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item O N M O N M O N M
Fishes - - - 50.0 36 294 00 0.0 0.0
Cyprinidae - - = 50.0 3.6 294 00 00 0.0
Crustaceans - - = 100.0 55.0 40.2 100.0 25.0 46.9
Amphipods - - = 500 71 0.0 00 0.0 0.0
Decapoda - - = 100.0 47.9 40.2 100.0 25.0 46.9
Mollusks - - - 100.0 171 3.7 100.0 25.0 36.4
Bivalvia - - = 500 36 35 100.0 25.0 36.4
Gastropoda - - = 100.0 13.6 0.2 0.0 0.0 0.0
Insects - - - 0.0 00 00 00 0.0 0.0
Other - - - 50.0 10.7 0.1 100.0 25.0 1.2
Aguatic vegetation - - = 500 36 0.0 00 0.0 0.0
Worms and leeches - - - 500 7.1 01 100.0 25.0 1.2

Unidentified - - — 1000 136 26.5 100.0 25.0 15.6




TABLE A9—Frequency of occurrence (O), mean percent by number (N), and mean percent by
mass (M) of prey items consumed by channel catfish during three periods in John Day Reservoir,
Columbia River, 2011. Counts of samples that contained a diet item were 92, 28, and 93 for

periods 1, 2, and 3.

1 Aug-1 Sep 6 Sep—6 Oct 10 Oct-10 Nov

Diet item O N M O N M O N M
Fishes 43 03 06 10.7 19 12 151 45 31
Clupeidae 00 00 0.0 00 00 0.0 22 07 11
Cyprinidae 00 00 0.0 00 00 0.0 1.1 02 01
Salmonidae 1.1 0.0 00 36 09 12 00 00 00
Unidentified 33 03 06 71 10 00 129 37 19
Crustaceans 96.7 851 74.1 100.0 655 61.2 75.3 434 335
Amphipoda 88.0 69.3 49.2 679 257 6.1 30.1 118 43
Decapoda 413 54 155 714 181 47.1 409 14.0 224
Mysida 76.1 102 94 64.3 21.7 8.0 36.6 16.0 5.5
Other 1.1 02 0.0 0.0 00 00 43 17 14
Mollusks 620 09 04 179 13 0.8 172 21 12
Insects 391 14 04 429 73 10 344 106 3.8
Other 609 64 71 82.1 143 78 548 175 74
Agricultural grains 272 52 41 36 00 00 11.8 47 0.8
Aguatic vegetation 293 03 138 500 6.9 53 247 31 3.9
Arachnidae 0.0 00 00 0.0 00 00 22 03 00

Terrestrial vegetation 207 06 11 10.7 17 0.0 86 21 0.2
Worms and leeches 141 04 0.0 250 54 25 204 6.6 25
Zooplankton 1.1 0.0 0.0 36 03 00 32 09 00
Unidentified 90.2 59 174 786 9.7 28.0 80.6 21.8 51.0







