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Synopsis

In 1997 and 1998, we sampled the Missouri River, North Dakota to determine if anthropogenic disturbances had
influenced catostomid species composition and feeding ecology. We compared two distinct river segments, the
Missouri River between the mouth of the Yellowstone River and Lake Sakakawea (the Yellowstone–Sakakawea
segment (YSS)), a moderately altered segment and the Missouri River between Garrison Dam and Lake Oahe
(the Garrison–Oahe segment (GOS)), a highly altered segment. The segments exhibited greatly different sucker
communities. Bigmouth buffalo, Ictiobus cyprinellus, smallmouth buffalo, Ictiobus bubalus, and river carpsucker,
Carpiodes carpio, represented 94% of the sucker catch in the YSS, whereas in the GOS, white sucker, Catostomus
commersoni, and longnose sucker, Catostomus catostomus, constituted 98% of the sucker catch. In the YSS, high
zooplankton densities led to greater sucker zooplanktivory and food niche overlap than in the GOS. Intense anthro-
pogenic disturbances to the GOS are associated with the differences in sucker species composition, prey density
and composition, and sucker feeding ecology between the two segments.

Introduction

Catostomid fishes include about 70 species of relatively
large, chiefly North American fishes commonly known
as suckers (Helfman et al. 1997). These cypriniform
fishes are predominately bottom dwelling and possess
specialized lips and pre-maxillaries which allow them
to feed effectively on a variety of invertebrate organ-
isms. Suckers generally inhabit unpolluted waters and
can be found living under a variety of riverine and lake
conditions, but most species generally cannot tolerate
extensive modification of their habitats (Smith 1979).

Impoundment of rivers through damming has
frequently led to changes in native fish ecology
and abundance in rivers below dams (Miller 1959).
Declines in the abundance and changes in the ecol-
ogy of native species following river regulation have
been documented in many large, turbid rivers, such as
the Missouri (Hesse et al. 1989). In the Missouri River,
the decline of many native species and the concomitant

increase in non-native species coincided with mainstem
dam construction that began in the 1930s and ended
in the 1960s (Hesse et al. 1989). The sucker commu-
nity in the Missouri River was once very diverse with
many of its species very abundant throughout much
of the river. It appears, however, that numbers of most
native suckers have been reduced substantially in river
reaches below mainstem Missouri River dams (Funk &
Robinson 1974).

Despite the historical widespread distribution of
sucker species in the Missouri River, the feeding ecol-
ogy of these fishes has received little attention. Detailed
knowledge of food habits for a fish assemblage can
give valuable insight into inter-specific interactions,
niche dimensions, food resource partitioning, and the
trophic status of individual species (Litvak & Hansell
1990, Gray et al. 1997). Discovering and understand-
ing these components of feeding ecology is key to
proper management and conservation of suckers in
the Missouri River. Our objectives were to: (1) contrast
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sucker community composition during summer in two
riverine upper Missouri segments in North Dakota one
a quasi-natural river segment and the other heavily
influenced by a mainstem dam; and (2) determine if
anthropogenic disturbances influence aspects of sucker
feeding ecology (food habits, feeding strategy, and food
niche overlap) in these same river segments.

Study area

North Dakota contains two inter-reservoir segments of
the Missouri River within its state boundaries. One seg-
ment extends from the Yellowstone–Missouri River
confluence (Missouri River km (rkm) 2 546.0) near
the North Dakota–Montana border to its lower bound-
ary of Lake Sakakawea (rkm 2 470.3) and hereafter
is referred to as the Yellowstone–Sakakawea seg-
ment (YSS) (Figure 1). The second segment extends
from Garrison Dam (rkm 2 235.4) in south-central
North Dakota to its lower boundary of Lake Oahe

(rkm 2 051.9) near the North Dakota–South Dakota
border and hereafter is referred to as the Garrison–Oahe
segment (GOS) (Figure 1).

Different habitat characteristics and flow regimes
characterize the two segments. The YSS is free-flowing
with a semi-natural hydrograph, a result of the merging
of the free-flowing Yellowstone River and the Missouri
River which is regulated upriver by Fort Peck Dam.
This segment is characterized by high main channel
turbidity, no major shoreline development, and few
revetment banks (rip–rap). The lack of shoreline devel-
opment and revetment banks allows the main river
channel to meander naturally which creates a diver-
sity of off-channel habitats. The GOS, in contrast,
exhibits fewer pre-impoundment physical and biologi-
cal characteristics. Garrison Dam and Lake Sakakawea
have created an alluvium sink, thereby reducing the
sediment load in the river below the dam (Berkas
1995). The river below the dam is uncharacteristically
clear and natural aggradative and degradative processes
have been disrupted. Furthermore, the dam regulates

Figure 1. Map depicting study segments and location within Missouri River basin (GOS = Garrison–Oahe Segment,
YSS = Yellowstone–Sakakawea Segment).
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the hydrograph and hypolimnetic withdrawals from
Lake Sakakawea have created uncharacteristically cool
water temperatures during the summer with maxi-
mum summer temperatures approximately 9◦C cooler
than before impoundment (Everett 1999). This segment
is also characterized by numerous revetments and a
much higher degree of shoreline development and bank
stabilization (25–40%) than the YSS.

Methods

Sucker data collection

We used a stratified random sample to collect suck-
ers in both the YSS and the GOS where the strata
were macrohabitat types. These macrohabitats were
main channel cross-over, outside bend, inside bend,
secondary channel: non-connected, secondary chan-
nel: connected, tributary mouth (Figure 2). In both
segments, macrohabitats served as sampling units. We
collected suckers from five randomly selected sampling
units of each macrohabitat type in each segment from
June through August in both 1997 and 1998. A variety
of fish capturing gears was used that sampled a wide
variety of sucker species. These gears were a bag seine
(10.7 m long, 1.8 m high, 1.8 m3 bag, 5 mm mesh), a
benthic beam trawl (2 m wide, 0.5 m high, 5.5 m long,
3.2 mm inner bag mesh), a trammel net (22.9 m long,
inner wall 2.4 m deep with 2.5 cm mesh, outer wall
1.8 m deep with 20.3 cm mesh), an electrofishing boat
(Coffelt VVP-15 variable voltage pulsator, 5000 W
generator), a gill net (30.5 m long, 1.8 m high, mesh

Figure 2. Location of macrohabitats in a typical Missouri River
segment.

sizes of 1.9, 3.8, 5.1 and 7.6 cm), and a hoop net (4.8 m
in length, 3.7 cm diameter mesh, finger style throat,
7 fiberglass hoops, and a 15.2 m lead attached to the first
hoop made of 3.8 cm mesh). A specific set of gears was
used in each macrohabitat type with three subsamples
of each gear taken at a macrohabitat sampling unit.

Benthic and Pelagic invertebrate data collection

We collected benthic macroinvertebrates and pelagic
micro- and macroinvertebrates at each fish collection
subsample to provide food availability information
for the sucker community in each segment. Benthic
macroinvertebrates were sampled with a Ponar dredge
(22.9 cm2). Three ponar grabs were taken at each gear
subsample location, combined, and placed into a wash
bucket that contained a 541 µm sieve screen bottom.
The sample was washed and the remaining sediment,
debris, and macroinvertebrates placed into a container
and preserved with 95% ethanol for lab transport and
analysis. In the lab, benthic invertebrates were iden-
tified to family if possible. Invertebrate density was
expressed as number of organisms per m2.

Pelagic invertebrates were collected with a Wisconsin
plankton net (10.8 cm diameter, 80 µm mesh) fitted
with a General Oceanics flow meter. A single tow was
taken to survey pelagic invertebrates at each gear sub-
sample. For subsamples with high current velocities
(>0.2 m s−1), the boat was anchored and the plankton
net was attached to a hangar bar and 22.7 kg sounding
weight and suspended near the river bottom with an
A55M sounding reel.

For low current velocity subsamples (<0.2 m s−1)

the plankton net was attached to a 2 m standard wading
rod at the 0.8 total depth mark and deployed for 3 min
near the center of the area sampled. In macrohabitats
with near zero current velocities, the net was towed by
hand or boat for 3 min.

All material was removed from the plankton net
and preserved in 95% ethanol. In the lab, pelagic
invertebrates were identified in most cases to family.
The volume of water sampled by the net was deter-
mined using the flow meter. Invertebrate density was
expressed as number of organisms l−1.

Sampling of sucker digestive tracts

Only fishes that were large enough to have reached
sexual maturity (adult fish) were sampled for food
habits analysis. Sexual maturity for each species was
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determined using lengths provided by Trautman (1957)
and Scott & Crossman (1973). Contents were removed
from the anterior one-fifth of the digestive tract of each
sucker, up to the first bend and preserved in 15% forma-
lin solution. After fixation, we transferred the contents
to 95% ethanol until examined.

To quantify prey eaten by suckers, foregut contents
of individual fish were diluted in 50–1 000 ml of water
and suspended with a magnetic stir bar. Three separate
2 ml subsamples were taken with a plunger-type sub-
sampler and placed in a counting chamber. If a stomach
could not be effectively subsampled, the entire contents
were analyzed. All invertebrates in each subsample
were enumerated using a dissecting scope (7–45×
magnification) and identified to family whenever possi-
ble. Surface area, volumetric, and gravimetric methods
were examined for quantifying prey importance. The
three methods produced similar results, however, we
used the less time-consuming surface area method.

We determined the relative importance of food cat-
egories by counting the number of intersections on an
ocular grid that was covered by individuals of each
food category (Minckley et al. 1970). We quantified
the surface area of partially digested aquatic insect lar-
vae, such as Chironomidae, using regression equations
derived from a regression of surface area on head cap-
sule width (Hyslop 1980). All other food items were
measured with the ocular grid and missing portions
estimated visually.

Analysis

We quantified the species richness and diversity of
zooplankton and benthic invertebrate prey populations
in sucker habitats. Species richness was determined
by counting the number of each prey category in a
sample and then averaging across all samples in a
macrohabitat sample unit. Richness values obtained in
macrohabitat sample units were then averaged to get
the segment average. Prey diversity was quantified with
the reciprocal of Simpson’s index D (Hill 1973).

D =
∑

p2
i (i = 1, . . . , s prey categories)

where D is Simpson’s index, pi is the proportion of prey
category i in the community, and

∑
pi = 1.0.

Prey diversity was quantified with the equation:

1/D = prey diversity

where 1/D is the reciprocal of Simpson’s index which
varies from 1 to s, the number of prey categories in the

sample. The diversity of prey types was determined at
each subsample within a macrohabitat sample unit. The
subsample diversities were then averaged to obtain the
prey diversity within the sample unit.

We used ANOVA to examine differences for prey
diversity, richness, and density between the GOS and
YSS habitats. Segments served as treatments (YOS and
GOS) and years (1997 and 1998) served as blocks.
Zooplankton and benthic invertebrate density, richness,
and diversity served as dependent variables. Prey den-
sity, richness, and diversity values were log(y + 1)

transformed to handle non-normality.
Food habits were quantified with several indices. The

percent surface area (%A) of each food category was
determined for each fish species. In addition, the per-
cent of occurrence (%F), and percent number (%N)
were determined for each category for each species of
sucker. The equations used were:

%A = (Qi/Qt) × 100, Qt =
∑
(i=1)

n ∗ Qi

%N = (Bi/Bt) × 100, Bt =
∑
(i=1)

Bi

%F = (Oi/Ot) × 100, Ot =
∑
(i=1)

Oi

where Qi is the surface area composed by prey i, Qt is
the total surface area of all digestive tract items in the
entire digestive tract sample, n is the number of indi-
vidual prey of a prey type in the digestive tract sample,
Bi is the digestive tract content number composed by
prey i, Bt is the total digestive tract content number
of all digestive contents in the entire sample, Oi is the
number of suckers with prey i in their digestive tract,
and Ot is the total number of suckers with digestive
tract contents.

Linear least-squares regression was used to test
the null hypothesis that there was no linear relation-
ship between prey density at capture sites and relative
abundance of prey in sucker stomachs. The relative
abundance of prey was determined for each sucker
and compared with regression analysis against prey
density at each capture site. Prey relative abundance
served as the response (Y) variable and prey den-
sity (pelagic prey = number l−1; benthic invertebrate
prey = number m−2) served as the predictor (X) vari-
able. This analysis was conducted separately for zoo-
plankton (Cladocera and Copepoda) and chironomid
larvae in both the YSS and the GOS. Prey relative abun-
dance values were arcsine (square root (y)) transformed
to handle possible non-normality.
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Figure 3. Explanatory diagram for interpretation of feeding strat-
egy, niche width contribution, and prey importance (modified
Costello method, Amundsen et al. 1996). BPC = between phe-
notype component to niche width, WPC = within phenotype
component to niche width.

A modification of the graphical Costello method
(Amundsen et al. 1996) was used to examine prey
importance, feeding strategy, and components of niche
width. Feeding strategy is defined as the degree of
specialization or generalization by suckers on vari-
ous prey taxa (Costello 1990). Prey-specific abundance
was plotted against frequency of occurrence on a two-
dimensional graph (Figure 3). Prey-specific abundance
is the percentage a prey taxon comprises of all prey
items in only those predators with prey i in their
stomach:

Pi =
(∑

Si

/ ∑
Sti

)
× 100

where Pi is the prey-specific abundance of prey i, Si

the stomach content (surface area) comprised by prey
i, and Sti the total stomach content in only those suckers
with prey i in their stomach.

Information about feeding strategy and prey impor-
tance of the population can be obtained by examination
of distributions of points along the diagonals and axes
of the diagram depicted in Figure 3. The percent abun-
dance, increasing along the diagonal from the lower
left to the upper right corner, provides a measure of
prey importance, with dominant prey at the upper
right, and rare or unimportant prey at the lower left.
The vertical axis represents the feeding strategy of the
predator in terms of specialization or generalization
(Figure 3). The predators have specialized on prey types
in the upper part of the figure, whereas prey located

in the lower portion were eaten more occasionally.
Prey points located at the upper left of the diagram
would be indicative of specialization of the predator
population.

For each sucker species, niche breadth (B) for food
items was calculated using the equation of Levins
(1968):

B = 1
/ ∑

P2
i (i = 1, . . . , n prey types),

and then standardized to express it on a scale from
0 to 1.0:

BA = (B − 1)/(n − 1)

where Pi is the proportion of the resource in each
category and n is the number of types of prey items.
Standardized niche breadth was used to assess the
diversity of food items eaten by each catostomid
species in a segment.

We tested the null hypothesis of no relationship
between sucker food niche breadth (BA) and prey
species diversity (1/D) (there is no linear relationship
between sucker food niche breadth and prey species
diversity at capture sites) with regression analysis in
the GOS and the YSS. Food niche breadth served
as the response (Y) variable and prey species diver-
sity served as the predictor (X) variable. This analysis
was conducted separately for zooplankton and benthic
invertebrate prey.

Multivariate analysis of variance (MANOVA) was
used to assess food use differences collectively among
suckers in a segment. MANOVA was conducted across
species in each river segment to test the null hypo-
thesis of no difference in food resource use among
sucker species. Sucker species served as the inde-
pendent variable and food categories as the depen-
dent variable (percent surface area importance val-
ues). The equal variance–covariance assumption was
checked with the Box test (Box 1949) and resid-
ual plots for dependent variables were constructed to
examine homoscedasticity. Multicollinearity between
dependent variables was examined by computing the
variance inflation factor. Dependent variables (% sur-
face area values) were arcsine (square root (y)) trans-
formed. The data were analyzed using the SAS (SAS
Institute 1990) software package.

Following a significant MANOVA, distinctiveness
of the food niche among suckers in each river segment
was assessed with discriminant analysis. Two compo-
nents of discriminant analysis were used – canonical
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analysis of discriminance (CAD) and classification.
We used CAD to determine what food categories were
important in segregating sucker species and to exam-
ine graphically the degree of food niche overlap among
sucker species in a segment. We used classification as
a quantitative measure of food niche overlap. Misclas-
sification of a sucker occurred because the individual
was similar to another species in its food habits and was
assigned incorrectly to this species. The more misclas-
sifications that occurred, the more alike the two species
were in their resource use (McNeely 1987). Therefore,
in this study, niche overlap was treated as analogous
to percent misclassification (Baker & Ross 1981). For
discriminant analysis, the data were analyzed using the
Statistica (Statsoft Inc. 1995) software package.

Results

Sucker community composition

The YSS and the GOS exhibited greatly differ-
ent sucker communities, with different dominant
species. In the YSS, 499 suckers were captured, rep-
resenting seven species (bigmouth buffalo, Ictiobus
cyprinellus; smallmouth buffalo, Ictiobus bubalis;
river carpsucker, Carpiodes carpio; shorthead red-
horse, Moxostoma macrolepidotum; white sucker,
Catostomus commersoni; longnose sucker, Catostomus
catostomus; and blue sucker, Cycleptus elongatus).
Bigmouth buffalo and smallmouth buffalo constituted
8% and 3% of the total fish catch (sucker and non-
sucker species), respectively. River carpsucker made
up ∼2% of the total fish catch, with the other four
species each contributing less than 1% of the total fish
catch. Three native species, bigmouth buffalo, small-
mouth buffalo, and river carpsucker, represented 94%
of the sucker catch in the YSS.

In the GOS 6 217 suckers were captured, repre-
senting seven species (bigmouth buffalo, smallmouth
buffalo, river carpsucker, shorthead redhorse, white suc-
ker, longnose sucker, blue sucker). Longnose sucker and
white sucker, which were rarely sampled in the YSS,
represented 76% of the total catch of all fish species and
constituted over 98% of the sucker catch in the GOS.

Prey populations

The average zooplankton density for the YSS
habitats (251.8 organisms l−1) was approximately 8
times greater than the density of zooplankton in

the GOS habitats (32.6 organisms l−1) (ANOVA,
F = 6.80, P = 0.01). Benthic invertebrate densities
were also higher in the YSS (277.0 organisms m−2)

than in the GOS (149.6 organisms m−2) habitats
(ANOVA, F = 6.04, P = 0.02).

Zooplankton richness was similar in both study
segments (YSS = 4.02 prey types per macrohabitat
sample unit, GOS = 4.14 prey types per macrohab-
itat sample unit) (ANOVA, F = 3.09, P = 0.35), but
the YSS habitats had a higher zooplankton diversity
(1/D = 2.21) than the GOS (1/D = 1.92) (ANOVA,
F = 4.27, P = 0.02). Benthic invertebrate diversities
were similar in the YSS (1/D = 1.08) and the GOS
(1/D = 1.16) (ANOVA, F = 0.98, P = 0.28), but the
GOS (2.15 prey types per macrohabitat sample unit)
had higher richness than the YSS (1.60 prey types
per macrohabitat sample unit) (ANOVA, F = 6.45,

P = 0.0057).

Food habits

In each of the segments, four species of sucker were
captured frequently enough for quantitative analysis of
food habits. In the YSS, bigmouth buffalo, river carp-
sucker, and smallmouth buffalo ate mostly zooplank-
ton. Crustacea, primarily Cyclopoida and Bosminidae,
composed over 75% of the number and over 55% of the
volume of diets for each of the three species (Table 1).
Chironomid larvae also contributed substantially to
diets of smallmouth buffalo, constituting ∼18% of
the number and 39% of the volume. Shorthead red-
horse fed mostly on Chironomid and Trichoptera larvae
which accounted for ∼65% of the number and 80%
of the volume of diets. The frequency of occurrence
of zooplankton crustacea in stomachs was over 95%
for bigmouth buffalo, river carpsucker, and small-
mouth buffalo (Table 1). Cladocera and Copepoda
zooplankton were found in ∼45% of shorthead red-
horse stomachs. Chironomid larvae were found in 30%
of bigmouth buffalo and river carpsucker stomachs and
in 56% and 92% of smallmouth buffalo and shorthead
redhorse stomachs, respectively (Table 1).

In the GOS, shorthead redhorse and white sucker
ate mostly chironomid larvae. Chironomids composed
over 60% and 85% of the volume of white sucker and
shorthead redhorse diets, respectively (Table 1). Long-
nose sucker fed mostly on a combination of filamentous
green algae and chironomid larvae which accounted
for over 90% of the volume of food items in the diet.
River carpsucker ate mostly zooplankton. Crustacea,
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primarily Cyclopoida, constituted over 90% of the
number and over 55% of the volume of river carpsucker
diets (Table 1). The frequency of occurrence for crus-
tacean zooplankton was high in river carpsucker (97%)
and white sucker (51%) diets. Chironomid larvae were
found in over 90% of longnose sucker, shorthead red-
horse, and white sucker stomachs; however, this prey
type was found in only 64% of river carpsucker stom-
achs (Table 1). Food habits information for blue sucker
is also included in Table 1.

In both segments, a positive relation was found
between the density of chironomid larvae in the envi-
ronment and the abundance of larvae in fish stomachs
(r = 0.53–0.83, P < 0.05). This relation, however,
did not exist between zooplankton density (number l−1)

and the abundance of zooplankton found in fish stom-
achs (r = 0.01–0.11, P > 0.05) in the two segments
except for longnose sucker in the GOS (r = 0.80,
P < 0.05).

Feeding ecology

Dominant food resource use patterns differed among
the four dominant sucker species in each segment.
River carpsucker in both segments and bigmouth buf-
falo in the YSS had generalized feeding strategies, as
indicated by the high frequency of occurrence and the
low prey-specific abundance of many food items in

their stomachs (i.e., most points located in the lower
right portion of the Costello graph, Figures 4 and 5)
and their relatively wide food niche breadths (YSS =
bigmouth buffalo, BA = 0.106; river carpsucker, BA =
0.138; GOS = river carpsucker, BA = 0.106). Small-
mouth buffalo in the YSS exhibited a more mixed
feeding strategy, with varying degrees of specialization
and generalization of different prey types (Figure 4) and
a relatively wide food niche breadth (BA = 0.101).

White sucker and longnose sucker in the GOS,
and shorthead redhorse in both segments exhibited
specialized feeding strategies where they fed almost
exclusively on a few prey types (Figures 4 and 5). Nar-
row food niche breadths further supported a specialized
feeding strategy for these species (GOS = longnose
sucker, BA = 0.046; shorthead redhorse, BA = 0.013;
white sucker, BA = 0.057; YSS = shorthead redhorse,
BA = 0.009).

A positive relation was found between zooplank-
ton diversity in sucker habitats and sucker food niche
breadth in both the YSS (r = 0.49, P < 0.0001) and
the GOS (r = 0.39, P = 0.0009). No such relation was
found, however, between benthic invertebrate diversity
and food niche breadth.

Food use differences existed among sucker
species (YSS, MANOVA, Wilk’s Lambda = 0.4118,
P < 0.0001; GOS, MANOVA, Wilk’s Lambda =
0.2422, P < 0.0001), but not years (YSS, MANOVA,
Wilk’s Lambda = 0.8252, P = 0.08; GOS, MANOVA,
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Figure 4. Graphs depicting feeding strategy and prey importance for YSS catostomid species (for explanation of prey code, consult
Table 1).
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Figure 5. Graphs depicting feeding strategy and prey importance for GOS catostomid species (for explanation of prey code, consult
Table 1).

Wilk’s Lambda = 0.9364, P = 0.23) in each river seg-
ment. No significant interaction was found between
sucker species and years in the YSS (MANOVA, Wilk’s
Lambda = 0.8391, P = 0.06) or the GOS (MANOVA,
Wilk’s Lambda = 0.8504, P = 0.37).

CAD of food habits derived three canonical func-
tions, each a composite of the seven food categories
retained in the YSS (Table 2a) and of the nine food
categories retained in the GOS (Table 2b). The first
two functions accounted for ∼97% of the diet dif-
ferences among the four species in the YSS. Tri-
choptera and chironomid larvae exhibited the largest
scores (standardized canonical coefficients) on the
first canonical function (Trichoptera = 0.9515, chi-
ronomid larvae = 0.7845). Among the four sucker
species in the GOS, the first two functions accounted
for ∼94% of the diet differences. Filamentous green
algae and Cyclopoida exhibited the largest scores
(standardized canonical coefficients) on the first canon-
ical function (filamentous green algae = −0.6912,
Cyclopoida = 0.4691).

Plots of individual scores on the first two canonical
functions resulted in the species separating into two
groups in each of the segments (Figures 6 and 7). In
the YSS, one group consisted of the three mainly zoo-
planktivorous fishes and showed the following order
of decreasing dependence on large benthic prey and
increasing dependence on small pelagic prey: small-
mouth buffalo, river carpsucker, bigmouth buffalo

Table 2. CAD of catostomid species from the two segments.
(a) Standardized coefficients of food categories on the first two
canonical functions for the YSS. (b) Standardized coefficients of
food categories on the first two canonical functions for the GOS.

Food category Canonical Canonical
function I function II

(a)
Cyclopoida 0.1687 0.5377
Bosminidae 0.0460 −0.1540
Daphnidae −0.0009 −0.2986
Chironomid larvae 0.7845 0.6580
Chydoridae −0.0104 0.3654
Trichoptera larvae 0.9515 −0.2968
Ostracoda 0.2079 −0.2536

(b)
Cyclopoida 0.4691 −0.4437
Bosminidae 0.2882 −0.2295
Daphnidae 0.0082 −0.2558
Chironomid larvae 0.0040 −0.0142
Chydoridae 0.3227 −0.2874
Filamentous algae −0.6912 −0.6664
Chironomid pupae −0.2023 0.3208
Trichoptera larvae 0.0223 0.2623
Organic detritus 0.0351 0.2068

(Figure 6). The second group included the benthic
invertivorous shorthead redhorse which showed a
strong dependence on large benthic prey. Bigmouth
buffalo and river carpsucker showed nearly complete
overlap in diet, whereas smallmouth buffalo overlapped
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catostomid species plotted on canonical functions I (I) and II (II)
(LN = longnose sucker, RC = river carpsucker, SH = shorthead
redhorse, WS = white sucker).

with these two species as well as shorthead redhorse.
In the GOS, three invertivores formed one group and
showed the following order of decreasing dependence
on filamentous green algae: white sucker, shorthead
redhorse, river carpsucker (Figure 7). The second group
consisted of the herbivorous and invertivorous long-
nose sucker which showed a strong dependence on
filamentous green algae.

In the YSS, shorthead redhorse was most distinctive
in its food habits over 60% of the time (Table 3a). Big-
mouth buffalo was the least distinctive species in this
segment. In the GOS, longnose sucker exhibited the
most distinctive food habits with over 80% of obser-
vations classified correctly (Table 3b). White sucker
was the least distinctive in its food habits in the GOS.
The highest niche overlap was found among sucker
species in the YSS in which only 54.3% of individuals

Table 3. Classification analysis of catostomid species from
the two segments. (a) Classification matrix for the YSS.
(b) Classification matrix for the GOS.

Species % Classified
correctly

Number of cases
classified as species

BM RC SM SH

(a)
BM 44.1 30 21 17 0
RC 54.4 20 41 13 0
SM 57.6 16 23 53 0
SH 61.9 0 0 16 26
Totals 54.3 66 85 99 26

(b)
LN 81.8 60 1 7 6
RC 78.6 1 66 6 11
WS 56.3 10 10 40 11
SH 63.0 1 2 14 29
Totals 70.9 72 79 67 57

BM = bigmouth buffalo, RC = river carpsucker,
SM = smallmouth buffalo, SH = shorthead redhorse,
LN = longnose sucker, RC = river carpsucker, WS = white
sucker, SH = shorthead redhorse.

were correctly classified (Table 3a). Suckers in the
GOS were more distinctive in their food habits than
in the YSS with 70.9% of individuals classified cor-
rectly (Table 3b). Similar to results obtained with the
CAD plots, the high niche overlap in the YSS is related
to high food use overlap among bigmouth buffalo,
smallmouth buffalo, and river carpsucker as each was
frequently misclassified as the other 18–31% of the
time (Table 3a). The greater food niche distinctiveness
in the GOS appears to be related to the distinct food
habits of longnose sucker and river carpsucker which
were classified correctly 81.8% and 78.6% of the time,
respectively (Table 3b).

Discussion

Sucker community composition

Major differences in river physiochemical conditions
and habitat in the two segments were associated
with the highly dissimilar catostomid communities
in the YSS and the GOS. Garrison Dam and Lake
Sakakawea have lowered water temperatures, reduced
turbidity, and altered natural habitats in the GOS. Con-
versely, high turbidity, a more shallow and braided
main channel, periodic connecting of the main channel
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with the floodplain, and large backwater habitats
characterizes the YSS.

The more natural habitats and physiochemical con-
ditions in the YSS has produced a sucker community
dominated by river carpsucker, bigmouth buffalo, and
smallmouth buffalo, most of which were captured in
several large backwaters. These species have been
shown to forage and rear in floodplain river systems that
contain large, lacustrine habitats, such as backwaters
(Kay et al. 1994), that are characterized by periodic
inundation from high run-off (Pflieger 1975). Such
floodplain backwaters typified the pre-impoundment
middle and lower-Missouri River which was charac-
terized by a sucker community comprised mainly of
these three species and others in the genera Ictiobus
and Carpiodes (Funk & Robinson 1974).

Conversely, white suckers and longnose suckers
dominated the sucker community in the GOS; these
species are most often found in streams and lakes that
are characterized by very clear, cool water (Scott &
Crossman 1973). The preferred temperature range
for longnose sucker is 10–15◦C (Brown & Graham
1953) with the upper lethal temperature (50% mortal-
ity in 24 h) for this species near 27◦C (Black 1953).
The preferred temperature range for white sucker was
19–21◦C in a Colorado reservoir (Horak & Tanner
1964) and experimental evidence suggests that an opti-
mum summer water temperature for this species is
24◦C (Reynolds & Casterlin 1978). Both species also
seem to survive best in very clean and clear water
(Edwards 1983, Twomey et al. 1984). Water temper-
atures rarely exceeded 16◦C in the main channel and
18◦C in off-channel habitats in the GOS, but frequently
exceeded 23◦C in these habitats in the YSS (Young et al.
1998). Warm water temperatures and high turbidity
most likely limited longnose sucker and white sucker
numbers in the YSS, whereas cool water temperatures
and low turbidity facilitated their high abundance in
the GOS.

Minor alterations to river systems have often led
to changes in growth (Beamesderfer et al. 1995),
habitat use (Pert & Erman 1994), or patterns of recruit-
ment (Crisp et al. 1983) for native species of fish.
However, species replacement has occurred in rivers
which have sustained more intense anthropogenic dis-
turbances (Martinez et al. 1994). The drastic changes
in habitat and physiochemical conditions in the GOS
have evidently led to replacement of native sucker
species that thrive in river conditions that typified the
pre-control Missouri River with species that thrive in
systems characterized by cool, clear water.

Feeding ecology and food habits

Collectively, the dominant sucker species in the YSS
(bigmouth buffalo, river carpsucker, and smallmouth
buffalo) exhibited greater food niche overlap than
the dominant species in the GOS (longnose sucker,
river carpsucker, white sucker), a result of YSS suck-
ers feeding opportunistically on a dense zooplankton
food resource. Opportunistic feeding of this type has
resulted in a lack of food resource partitioning among
riverine fish species in other systems as well (Martin
1984, Schlosser & Toth 1984). Of the dominant species
in the YSS, the bigmouth buffalo is the only species
considered to be a strict zooplanktivore (Pflieger
1975), although even this species has been known to
feed opportunistically on non-zooplankton prey when
these prey items were in high abundance (Tafanelli
et al. 1971). River carpsucker and smallmouth buf-
falo are generally considered to be benthic invertivores
(Pflieger 1975). However, like the bigmouth buffalo,
these species have been known to feed opportunisti-
cally on alternative prey, such as zooplankton, when in
high abundance (McComish 1967, Vainio 1973).

Morphological constraints may have led to less
zooplanktivory by the GOS sucker species. Longnose
sucker, river carpsucker, and white sucker possess
adaptations for a benthic existence, such as a sub-
terminal mouth, that may effectively limit the availabil-
ity of a food resource that is distributed in the water
column. However, longnose sucker and white sucker
have been shown to be strict zooplanktivores when this
resource was abundant (Barton 1980) and zooplank-
ton dominated the diet of river carpsucker in the YSS,
another species that usually exhibits benthivorous feed-
ing habits (Brezner 1958). Therefore, the use of this
food resource was likely limited by its availability in
the GOS, not fish morphology.

The high availability of a diverse zooplankton prey
source in the YSS and the low availability of zoo-
plankton and the low diversity of invertebrate prey in
the GOS are apparently responsible for segment dif-
ferences in food niche breadths. Food niche breadth
quantifies the diversity or breadth of the food resource
gradient utilized by a given species (Siaw-Yang 1988).
The dominant sucker species in the YSS fed on a read-
ily available and diverse zooplankton food source. This
food resource was also diverse in the GOS, but was of
limited importance to suckers because of its low avail-
ability. The major dietary component of sucker diets
in the GOS was benthic invertebrates which exhibited
low diversity.
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The mechanisms responsible for the difference in
prey densities between segments are unclear. In the
Missouri River, dam construction, dredging, and bank
stabilization have reduced sediment transport and
deposition and virtually eliminated the processes of
flooding and meandering of the main channel (Hesse
et al. 1989, Hesse & Sheets 1993). Elimination of these
conditions has reduced the formation of backwater and
wetland habitat and drastically reduced available sup-
plies of carbon in the GOS and other Missouri River
segments (Hesse et al. 1988). Changes in carbon sup-
plies and in the availability of off-channel habitats have
reduced invertebrate productivity in segments of the
Missouri River altered by dams (Berner 1951, Hesse
et al. 1988). Invertebrate communities undoubtedly
benefit from the natural Missouri River conditions and
processes that still exist in the YSS, but are now absent
or reduced in the GOS.

Acknowledgments

This research was part of the Missouri River Benthic
Fishes Project, ‘Population structure and habitat use
of benthic fishes along the Missouri and lower
Yellowstone Rivers’, funded by the U.S. Army Corps
of Engineers, Omaha, Nebraska Office. Additional
funding and support for this study were provided by
the U.S. Environmental Protection Agency, Denver,
Colorado Office, the North Dakota Game and Fish
Department, Bismarck, North Dakota, and the U.S.
Geological Survey, University of Idaho, Moscow,
Idaho. We wish to thank two anonymous reviewers for
their comments on the manuscript.

References

Amundsen, P.A., H.M. Gabler & F.J. Staldvik. 1996. A new
approach to graphical analysis of feeding strategy from stom-
ach contents data – modification of the Costello method. J. Fish
Biol. 48: 607–614.

Baker, J.A. & S.T. Ross. 1981. Spatial and temporal resource
utilization by southeastern cyprinids. Copeia 1981: 178–189.

Barton, B.A. 1980. Spawning migrations, age and growth, and
summer feeding of white and longnose suckers in an irrigation
reservoir. Can. Field-Nat. 94: 300–304.

Beamesderfer, R.C.P., T.A. Rien & A.A. Nigro. 1995. Differ-
ences in the dynamics and potential production of impounded
and unimpounded white sturgeon populations in the lower
Columbia River. Trans. Am. Fish. Soc. 124: 857–872.

Berner, L.M. 1951. Limnology of the lower Missouri River.
Ecology 32: 1–12.

Berkas, W.R. 1995. Transport and sources of sediment in the
Missouri River between Garrison Dam and the headwaters
of Lake Oahe, North Dakota, May 1988 through April 1991.
Water-resources investigations report 95-4087. U.S. Depart-
ment of the Interior, U.S. Geological Survey, Bismarck, North
Dakota. 26 pp.

Black, E.C. 1953. Upper lethal temperatures of some British
Columbia freshwater fishes. J. Fish. Res. Board Can. 10:
196–210.

Box, G.E.P. 1949. A general distribution theory for a class of
likelihood criteria. Biometrika 36: 317–346.

Brezner, J. 1958. Food habits of the northern river carpsucker in
Missouri. Prog. Fish-Cult. 20: 170–174.

Brown, C.J.D. & R.J. Graham. 1953. Observations on the long-
nose sucker in Yellowstone Lake. Trans. Am. Fish. Soc. 83:
38–46.

Costello, M.J. 1990. Predator feeding strategy and prey impor-
tance: A new graphical analysis. J. Fish Biol. 36: 261–263.

Crisp, D.T., R.H.K. Mann & P.R. Cubby. 1983. Effects of regula-
tion of the River Tees upon fish populations below Cow Green
Reservoir. J. Appl. Ecol. 20: 371–386.

Edwards, E.A. 1983. Habitat suitability index models: Longnose
sucker. U.S. Fish and Wildlife Service Report No. FWS/OBS-
82/10.35. Fort Collins, Colorado. 21 pp.

Everett, S.R. 1999. Ecology and life history of three native benthic
fishes in the Missouri and Yellowstone River. Master’s Thesis,
University of Idaho, Moscow. 69 pp.

Funk, J.L. & J.W. Robinson. 1974. Changes in the channel of the
lower Missouri River and effects on fish and wildlife. Missouri
Department of Conservation, Aquatic Series No. 11, Jefferson
City. 52 pp.

Gray, E.V., J.M. Boltz, K.A. Kellogg & J.R. Stauffer, Jr. 1997.
Food resource partitioning by nine sympatric darter species.
Trans. Am. Fish. Soc. 126: 822–840.

Helfman, G.S., B.B. Collette & D.E. Facey. 1997. The Diversity
of Fishes, Blackwell Science, Malden, Massachusetts. 528 pp.

Hesse, L.W., C.W. Wolfe & N.K. Cole. 1988. Some aspects of
energy flow in the Missouri River ecosystem and a rationale
for recovery, pp. 13–29 In: N.G. Benson (ed.) The Missouri
River – the Resources, their Uses, and Values. North Central
Division American Fisheries Society, Special Publication 8,
Bethesda, Maryland.

Hesse, L.W., J.C. Schmulbach, J.M. Carr, K.D. Keenlyne,
D.G. Unkenholz, J.W. Robinson & G.E. Mestl. 1989. Missouri
River fishery resources in relation to past, present, and future
stresses. pp. 352–371 In: D.P. Dodge (ed.) Proceedings of the
International Large River Symposium, Can. Spec. Publ. Fish.
Aquat. Sci. 106, Ottawa, Ontario, Canada.

Hesse, L.W. & W. Sheets. 1993. The Missouri River hydrosystem.
Fisheries 18: 5–14.

Hill, M.O. 1973. Diversity and evenness: A unifying notation and
its consequences. Ecology 54: 427–432.

Horak, D.L. & H.A. Tanner. 1964. The use of vertical gill
nets in studying fish depth distribution, Horsetooth Reservoir,
Colorado. Trans. Am. Fish. Soc. 93: 137–145.

Hyslop, E.J. 1980. Stomach contents analysis – a review of
methods and their application. J. Fish Biol. 17: 411–429.

Kay, L.K., R. Wallus & B.L. Yeager. 1994. Reproductive Biology
and Early Life History of Fishes in the Ohio River Drainage,



141

Volume 2 – Catostomidae, Tennessee Valley Authority,
Chattanooga. 242 pp.

Levins, R. 1968. Evolution in Changing Environments, Princeton
University Press, Princeton, New Jersey. 120 pp.

Litvak, M.K. & R.I.C. Hansell. 1990. Investigation of food habit
and niche relationships in a cyprinid community. Can. J. Zool.
68: 1873–1879.

Martin, F.D. 1984. Diets of four sympatric species of Etheostoma
(Pisces: Percidae) from southern Indiana: Interspecific and
intraspecific multiple comparisons. Envir. Biol. Fish. 11:
113–120.

Martinez, P.J., T.E. Chart, M.A. Trammell, J.G. Wullschleger &
E.P. Bergersen. 1994. Fish species composition before and
after construction of a main stem reservoir on the White River,
Colorado. Envir. Biol. Fish. 40: 227–239.

McComish, T.S. 1967. Food habits of bigmouth and smallmouth
buffalo in Lewis and Clark Lake and the Missouri River. Trans.
Am. Fish. Soc. 96: 70–74.

McNeely, D.L. 1987. Niche relations within an Ozark stream
cyprinid assemblage. Envir. Biol. Fish. 18: 195–208.

Miller, R.R. 1959. Origin and affinities of the freshwater fish fauna
of western North America, pp. 187–222 In: C.L. Hubbs (ed.)
Zoogeography, National Academy of Science, Washington,
D.C.

Minckley, W.L., J.E. Johnson, J.N. Rinne & S.E. Willoughby.
1970. Foods of buffalofishes, Genus Ictiobus, in Central
Arizona reservoirs. Trans. Am. Fish. Soc. 99: 333–342.

Pert, E.J. & D.C. Erman. 1994. Habitat use by adult rainbow trout
under moderate artificial fluctuations in flow. Trans. Am. Fish.
Soc. 123: 913–923.

Pflieger, W.L. 1975. The Fishes of Missouri, Missouri Department
of Conservation, Jefferson City. 343 pp.

Reynolds, W.W. & M.E. Casterlin. 1978. Behavioral thermo-
regulation and diel activity in white sucker (Catostomus
commersoni). Comp. Biochem. Physiol. A. Comp. Physiol.
59: 261–262.

SAS. 1990. SAS System. SAS Institute Inc., Cary, North Carolina.
Schlosser, I.J. & L.A. Toth. 1984. Niche relationships and popu-

lation ecology of rainbow (Etheostoma caeruleum) and fantail
(E. flabellare) darters in a temporally variable environment.
Oikos 42: 229–238.

Scott, W.B. & E.J. Crossman. 1973. Freshwater Fishes of Canada,
Fisheries Research Board of Canada, Bulletin 184, Ottawa,
Ontario, Canada. 966 pp.

Smith, P.W. 1979. The Fishes of Illinois, University of Illinois
Press, Urbana. 314 pp.

Siaw-Yang, Y. 1988. Food resource utilization partitioning of
fifteen fish species at Bukit Merah Reservoir, Malaysia. Hydro-
biologia 157: 143–160.

Statsoft, Inc. 1995. Statistica for Windows – 2nd edition. Statsoft
Inc. Tulsa Oklahoma. 5407 pp.

Tafanelli, R., P.E. Mauck & G. Mensinger. 1971. Food habits of
bigmouth and smallmouth buffalo from four Oklahoma Reser-
voirs. Proceedings of the Twenty-fourth Annual Conference
Southeastern Association of Game and Fish Commissioners:
649–658.

Trautman, M.B. 1957. The Fishes of Ohio, The Ohio State
University Press, Columbus. 683 pp.

Twomey, K.A., K.L. Williamson & P.C. Nelson. 1984. Habitat
suitability index models and instream flow suitability curves:
White sucker. U.S. Fish and Wildlife Service Report No.
FWS/OBS-82/10.35. Fort Collins, Colorado. 56 pp.

Vainio, P.W. 1973. Feeding and food habits of the smallmouth
buffalo, Ictiobus bubalus (Rafinesque), in Elephant Butte Lake,
New Mexico. Master’s Thesis, New Mexico State University,
Las Cruces. 42 pp.

Young, B.A., T.L. Welker, M.L. Wildhaber, C.R. Berry &
D. Scarnecchia (ed.) 1998. Population structure and habitat
use of benthic fishes along the Missouri and Lower Yellow-
stone River. 1997 Annual Report of Missouri River Benthic
Fish Study PD-95-5832 to the U.S. Army Corps of Engineers
and the U.S. Bureau of Reclamation. 207 pp.


