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tostomus commersoni, burbot Lota lota, shorthead
redhorse Moxostoma macrolepidotum, and river
carpsucker Carpiodes carpio. Several nonnative
fishes are also present; the most abundant species
are rainbow smelt Osmerus mordax, common carp
Cyprinus carpio, chinook salmon Oncorhynchus
tshawytscha, and rainbow trout Oncorhynchus my-
kiss. The study site was the upper portion of Lake
Sakakawea between river kilometer (RKM) 2,385
from the confluence with the Mississippi River and
RKM 2,467, which encompassed the transitional
area from a river to reservoir environment. This
site was chosen because it was a known age-0
paddlefish rearing area (Fredericks 1994; Freder-
icks and Scarnecchia 1997; Scarnecchia et al.
1997) where fish predation on age-0 paddlefish
was previously documented (Mero et al. 1994).

Methods

Data collection.—Seven sample sites were cho-
sen that included areas of known age-0 paddlefish
relative abundance (Fredericks 1994) and that the
state management agency monitored annually for
fish community status (Figure 1; Berard 1989; Par-
ken 1996). At each site in 1994 and 1995, predators
were collected from July to October with two
monofilament experimental gill nets (76 3 1.8 m
composed of five equal-length panels with mesh
sizes of 19, 25, 38, 51, and 64 mm bar measure)
set on the bottom perpendicular to shore and in
similar aquatic habitat. Nets were set overnight in
3–5 m of water when catch rates of walleye or
sauger were low (,0.50 fish/net-hour) or during
the day when catch rates were high ($0.50 fish/
net-hour). Nets were checked frequently (every 2–
4 h) during high catch rates to reduce the effects
of digestion on stomach contents and mortality and
stress on the bycatch.

Walleyes, saugers, northern pike, channel cat-
fish, white bass, chinook salmon, and rainbow
trout were measured for total length. Stomach con-
tents were examined for walleyes and saugers
greater than 270 mm, northern pike greater than
320 mm, and channel catfish greater than 360 mm.
These sizes were based on the lengths of fish of
these species known to have eaten paddlefish in
other studies (Tidwell and Mims 1990; Mero et al.
1994). Also, stomach contents were examined for
white bass greater than 300 mm and all chinook
salmon and rainbow trout, but too few were sam-
pled for inferences.

Predator stomachs were excised and preserved
in 15% formalin for 3 d, then transferred to 40%
ethanol until examined. Stomach contents were

identified to species when possible based on char-
acteristics described in Pflieger (1975) and Oates
et al. (1993). Other structures resistant to diges-
tion, such as Bridge’s bone for paddlefish (Allis
1903), were also used. Body lengths (in milli-
meters from front of eye to fork of caudal fin;
Ruelle and Hudson 1977) were obtained from age-
0 paddlefish eaten by predators. Few total lengths
of paddlefish were measured because rostrums
were digested quickly.

Statistical analysis.—To determine whether the
proportions of species preying on paddlefish were
equal, a chi-square test of homogeneity was used.
To determine whether predator size influenced pre-
dation on paddlefish, the length distributions of
predators that did and did not consume paddlefish
were compared with a Mann–Whitney U-test. Con-
ditional probabilities were calculated as the num-
ber of predators containing paddlefish divided by
the total number of predators of that length. Exact
95% confidence limits (Zar 1984) were calculated
for the proportions of predators in 20-mm groups
that ate paddlefish. The effect of predator size on
the probability of a predator consuming a paddle-
fish was assessed with logistic regression (Menard
1995).

The proportions of walleyes and saugers con-
taining paddlefish were compared between sites
and months, between sites, and between months
with chi-square tests of homogeneity. Assuming
no spatial–temporal interaction for comparisons
between sites, each site was pooled over the 4
months to obtain larger sample sizes and permit
better detection of spatial differences. For similar
reasons, comparisons between months were
pooled over the seven sites. When the chi-square
test assumptions of expected cell frequency size
were not met, bootstrapping was used (Mooney
and Duval 1993).

To determine whether walleyes and saugers
preyed on similar-sized paddlefish, the size distri-
butions were illustrated with Tukey box plots and
compared with a Mann–Whitney U-test. Data on
the size of paddlefish eaten by predators were com-
bined among all sites for stronger inferences. Size-
selectivity of predators for age-0 paddlefish was
not determined because paddlefish in the reservoir
were too sparse in 1995 to be captured effectively
with our sampling gear (dip nets; Scarnecchia et
al. 1997).

To determine the ratio of age-0 paddlefish total
length to predator total length, paddlefish body
lengths were converted to total lengths with linear
regression. Total length was compared with body
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FIGURE 2.—The probability of an (A) walleye or (B) sauger in Lake Sakakawea, North Dakota, consuming
paddlefish, by total length of the predator. Error bars indicate 95% confidence limits.

TABLE 2.—The number of walleye and sauger stomachs
with identifiable prey that contained paddlefish, rainbow
smelt, freshwater drum, and white bass in Lake Sakak-
awea, 1995.

Predator

Number (and percent)
of prey eaten

Paddlefish
Rainbow

smelt
Freshwater

drum
White
bass

Walleye
Sauger

20 (3)
32 (12)

549 (79)
91 (33)

33 (5)
73 (27)

67 (10)
57 (21)

Whitney U 5 2,188.5, P , 0.001). The probability
of a sauger consuming a paddlefish was also sig-
nificantly related to sauger length (logit[y] 5
0.0132[x] 2 7.68, r2 5 0.78; GM 5 19.040, P ,
0.001; Figure 2b).

Few walleye or sauger stomachs contained wild
age-0 paddlefish compared with the other common
prey taxa (Table 2). Nevertheless, 31% of walleye
ate paddlefish in September at RKM 2,424 and
38% of sauger ate them in July at RKM 2,448
(Figure 3). The proportion of walleyes consuming
paddlefish varied for individual site by month mea-
surements (x2 5 105.3, bootstrapped P , 0.001).
When pooling months, the proportion of walleyes
consuming paddlefish varied among sites (x2 5
27.7, bootstrapped P , 0.001), and when pooling
sites, the proportion varied among months (x2 5
13.66, bootstrapped P , 0.002). The proportion
of saugers consuming paddlefish varied for indi-
vidual site by month measurements (x2 5 37.36,
bootstrapped P , 0.050). When pooling months,












