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Abstract
Sampling was conducted on the Missouri and Yellowstone rivers, North Dakota to obtain information on
the distribution, abundance and habitat use of the sturgeon chub (Macrhybopsis gelida) and sickleﬁn chub
(M. meeki) (Family Cyprinidae), two declining benthic ﬁsh species native to the Missouri River basin. The
study area consisted of three distinct river segments, the Missouri River near Williston, the Missouri River
near Bismarck (below Garrison Dam), and the Yellowstone River near its conﬂuence with the Missouri
River. Both species of chub were collected, mainly with a benthic trawl, throughout 94% of the range
sampled in the Williston and Yellowstone segments. Sickleﬁn and sturgeon chubs were the second and third
most abundant cyprinids, respectively, collected from the Williston and Yellowstone segments. Best-ﬁt
regression models indicated that the presence of sturgeon chubs increased with decreasing depth, increasing
velocity and decreasing water clarity, and that the presence of sickleﬁn chubs increased with increasing
depth, decreasing velocity and decreasing water clarity. In contrast, no chubs of either species were collected in trawls from the Bismarck segment. This segment had signiﬁcantly deeper, faster, and clearer water
than both the Williston and Yellowstone segments.

Introduction
The sturgeon chub (Macrhybopsis gelida) and sickleﬁn chub (M. meeki) are two small minnows
(Family Cyprinidae) native to the Missouri River,
lower Mississippi River, and some major tributaries. Both species historically inhabited turbid,
free-ﬂowing, unchannelized river segments often
characterized by sloughs and sandbars, and containing considerable woody debris (snags) in the
channel (Hesse, 1994).
As part of their adaptation to turbid habitats, both sturgeon chubs and sickleﬁn chubs
have evolved specialized characteristics such

as reduced eye size and reduced optic lobes (Davis & Miller, 1967). Both chubs have numerous cutaneous sensory papillae ventrally, within
their buccal cavities, and on their heads and ﬁns
(Davis & Miller, 1967; Pﬂieger, 1975; Werdon,
1993a).
In the last half-century, the distribution and
abundance of both species have decreased greatly
following the construction of six mainstem Missouri River dams. These structures, as well as
agricultural and urban development, have resulted
in several signiﬁcant habitat changes along most of

184
the Missouri River’s 3768 km length. These habitat
changes include alterations of the natural hydrograph (Hesse & Mestl, 1993), altered river temperatures and decreases in the river’s turbidity.
Many riverine segments of the Missouri River now
consist of a single, narrow, deep channel with
swiftly ﬂowing water (Hesse et al., 1989a, b; Hesse
& Sheets, 1993). Moreover, each reservoir serves as
a sediment sink, limiting the downstream movement of the river’s suspended load, thus reducing
turbidity in river reaches below the impoundments
(Hesse, 1987; Hesse & Mestl, 1993). Currently, the
sturgeon chub inhabits isolated portions of the
Missouri River, the Yellowstone River, the Platte
River, and the Powder River (Werdon, 1993a). The
sickleﬁn chub has been located in isolated portions
of the Missouri River, and the Mississippi River
(Werdon, 1993b). Because both species are sometimes captured in the same sampling eﬀort, in the
same portion of the Missouri and Yellowstone
rivers, information is needed on how habitat use of
the two species diﬀers.
The Missouri and the Yellowstone rivers in
northwestern North Dakota and eastern Montana
contain some of the most natural remaining habitat in the Missouri River drainage (Hesse et al.,
1989a; Power et al., 1994). The objectives of this
paper were to compare the distribution, relative
abundance and habitat use of sturgeon and sic-

kleﬁn chubs in three portions of the Yellowstone
River and Missouri River of North Dakota.
Three main hypotheses were tested. The ﬁrst
hypothesis was that any habitat diﬀerences within
the study area would result in diﬀerences in
abundance and distribution within a species for
both sturgeon chubs and sickleﬁn chubs. The second was that the speciﬁc habitat occupied by the
two species would diﬀer. The third was that different age-classes of both species would occupy
diﬀerent habitats.

Materials and methods
The study area included two segments of the
Missouri River and one segment of the Yellowstone River, all entirely within the state of North
Dakota (Fig. 1). The three segments are characterized by diﬀerent ﬂow regimes and habitat
characteristics. The ﬁrst segment of the Missouri
River (hereafter called the Williston segment;
58 km long) is upstream of Lake Sakakawea and is
free-ﬂowing with a seminatural hydrograph, a result of the merging of the relatively free-ﬂowing
Yellowstone River and the highly regulated Missouri River. The second segment (hereafter called
the Yellowstone segment; 28 km long) is in the
Yellowstone River and is relatively free-ﬂowing

Figure 1. Lower Yellowstone River and Lake Sakakawea, Montana and North Dakota.
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with a near natural hydrograph. Both segments are
characterized by high main channel turbidity, no
major shoreline development, and few revetment
banks (rip-rap). The third segment (hereafter
called the Bismarck segment; 53 km long) is in a
portion of the Missouri River downstream of Lake
Sakakawea (i.e., below Garrison Dam) and upstream of Lake Oahe. This segment extends into
the northern Bismarck/Mandan urban area and is
characterized by lower main channel turbidity,
numerous revetments, and a much higher degree
of shoreline development and bank stabilization
(i.e., 25–40%) than the other two segments. In all,
the three segments total approximately 139 river
kilometers.
Distribution and abundance
The three river segments were stratiﬁed according
to six macrohabitat types: main channel, border
channel, side channel, sandbar, revetment and
backwater. Starting from an initial random sampling unit, sampling sites were selected systematically along each macrohabitat type. Three samples
were taken from within each site. This sampling
design resulted in each macrohabitat type in each
segment being sampled in proportion to its abundance in that segment (Table 1).
Sampling for chubs occurred from 10 July to 30
August, 1995 using two gear types, a benthic trawl
and bag seines. The trawl has proven eﬀective in
recent studies for capturing benthic minnows and
chubs (Grisak, 1996; Herzog, 1997). It consisted of
a 3 m cross bar and two triangular 0.5 m high steel
sleds. These supported two nets, an inner sampling
net (mesh size 0.6 cm) and an outer protective net
(mesh size 3 cm). The trawl collected ﬁsh by
Table 1. Distribution of sampling eﬀort (number of each
macrohabitat sampled) among segments
Williston

Yellowstone Bismarck

(56 km)

(28 km)

(55 km)

Main channel

18

10

12

Border channel
Side channel

6
3

3
1

4
3

Sandbar

10

5

0

Backwater

2

2

0

Revetment

0

0

3

scraping the substrate of main channel, border
channel, deep (>4 m) side channel, and revetment
habitats. Trawl tows occurred on pre-marked
100 m transects parallel to the channel and near
the thalwag. The trawl was suspended from the
bow of a boat, and trawling proceeded downstream. The trawl sampled an area approximately
300 m2.
Historically, seines were more commonly used
to sample benthic ﬁshes in the Missouri River
Basin, but more recently have been shown to be
eﬀective at capturing both sturgeon chubs and
sickleﬁn chubs (Werdon, 1993a, b; Hesse, 1994).
The bag seines used for this study were 10 m long
with a mesh size of 0.6 cm. Sandbars, backwaters,
and shallow side channels were sampled using bag
seines. Seine hauls were 30 m long (area 300 m2)
and proceeded downstream.
Catch per unit eﬀort (CPUE) of both chub
species was calculated by segment. One trawl tow
or one seine haul deﬁned one unit of sampling
eﬀort. All sturgeon chubs and sickleﬁn chubs were
measured to the nearest mm for total length (TL),
weighed to the nearest gram, and had a scale
sample removed for age determination. Scales
were taken from the left side, above the lateral line,
below and just posterior to the dorsal ﬁn.
Habitat use
Each sampling site was characterized according to
water depth, velocity, conductivity, temperature,
clarity and substrate. Depth was measured using a
Lowrance brand depth ﬁnder in deep waters and a
calibrated pole in shallow waters. At trawl sites,
depth was measured at the beginning, middle, and
end of each trawl. At seine sites, depth was measured at the middle of the seine (generally 5 m
from shore), at the beginning, middle and end of
each seine haul. The reported depth is the mean of
these three measurements.
Velocity was measured just above the substrate
using a Marsh–McBirney Model 2000 ﬂow meter.
Measurements were taken at the beginning and
end of each trawl and seine site. The reported
velocity is the mean of these two measurements.
Temperature (C) and conductivity (lmhos)
were measured using an Orion brand electronic
probe from just below the surface at each sampling
site.
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Water clarity was measured at each trawl and
seine site using a 30 cm Secchi disk. The disk was
lowered until it disappeared, and the length from
the surface to the disk was measured. Then the
disk was lowered well below this depth and slowly
raised until it reappeared, and the length was
measured again. The reported Secchi depth is the
mean of these two measurements (Orth, 1989).
Substrate was sampled using an Ekman dredge
at sites where trawling was conducted. At seining
sites, the substrate was observed directly or a
scoop was brought to the surface for identiﬁcation.
Samples were taken at the beginning and at the
end of each sampling site. Sampling sites were
classiﬁed based on the dominant substrate observed. Using the Wentworth Scale (Allen, 1995),
inorganic substrate was categorized into three
groups: mud/silt (particle size: £0.06 mm), sand
(particle size: 0.06 mm £ 2 mm) and gravel (particle size: 2 mm £ 16 mm). Organic substrate
(particle size: 1 mm £ 20 mm) was categorized as
course organic matter (COM).
Because of the wide variation of discharge observed during the study, the eﬀect of discharge on
CPUE for both the trawl and seines was examined.
Daily discharge data from the U.S. Geological
Survey’s Sidney, Montana gauging station were
used for the Yellowstone segment, and from the
Bismarck, North Dakota gauging station for the
Bismarck segment. Daily discharge for the Williston segment was calculated by adding the previous
day’s discharge at both the Sidney gauging station
and the Culbertson, Montana gauging station
(Bramblett, 1996). Spearman’s rank correlation
coeﬃcient (rs) was used to test the signiﬁcance of
the relationship between daily discharge and
CPUE for each segment and gear type.
Multiple logistic regression models were developed for each species to test the null hypothesis
that there was no diﬀerence in habitat characteristics at sites where chubs were collected and not
collected. Chub CPUE resulted in low numbers
per sampling site and actual counts were converted
to a simple measure of presence or absence. Logistic regression was selected because predictor
variables need not be normally distributed and can
be either continuous or categorical. The models
had chub presence (1) or absence (0) as the
dependent variable and depth, velocity, conductivity, temperature, water clarity, substrate and

river macrohabitat as independent variables. First,
a multiple logistic regression model was ﬁtted with
all variables. Categorical variables (substrate and
macrohabitat) with a-values less than 0.05 were
forced into the model (Johnson, 1998). Secondly,
variable selection continued using a backward
elimination procedure. The outcome was one bestﬁt model from available data for each species.
In order to estimate the relative contribution
each macrohabitat variable made toward the
presence of each chub species, the odds ratio between each macrohabitat variable was examined
(Johnson, 1998). Each macrohabitat variable’s
estimated odds of being associated with the chubs’
presence was calculated. The ratio of these probabilities is the odds ratio.
Model reliability was examined by calculating
two indices. First, the v2 test for covariates was
calculated to test whether the variables were statistically signiﬁcant predictors of ﬁsh presence
(a < 0.05 for signiﬁcance). Secondly, a summary
classiﬁcation matrix was created to identify the
model’s ability to accurately classify habitats as
either containing or not containing chubs.
Species-speciﬁc habitat use
ANOVA procedures were used to test the null
hypothesis that there was no diﬀerence in habitat
occupied by sturgeon chubs and sickleﬁn chubs
during the summer. The chub catch variable was
presence (1), or absence (0). If the F-test for
treatments was signiﬁcant, then pairwise comparisons were made using Tukey’s pairwise test. Differences in substrate composition between
successful and unsuccessful chub sampling sites
were evaluated using a v2 test (Ott, 1993).
Age-speciﬁc habitat use
All ﬁsh scales were analyzed in the laboratory at
the University of Idaho. Scales were cleaned,
placed in a microscope slidewell ﬁlled with glycerin
and aged with the aid of Biosonic’s Optical Pattern
Recognition System (OPRS). ANOVA procedures
were used to test the null hypothesis that there was
no diﬀerence in habitat characteristics among
areas occupied by diﬀerent age-classes of sturgeon
chubs and sickleﬁn chubs during the summer. If
the F-test for treatments was signiﬁcant, then
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pairwise comparisons were made using Tukey’s
pairwise test. Diﬀerences in substrate composition
between age-classes at sampling sites were evaluated using a v2 test (Ott, 1993).

Results
Distribution and abundance
A total of 2726 ﬁshes of 27 species was collected
from the three segments: 1417 ﬁshes from the
Williston segment (376 trawl, 1041 seine), 1305
ﬁshes from the Yellowstone segment (347 trawl,
958 seine) and four ﬁshes from the Bismarck segment (four trawl). Thirty-one sturgeon chubs
(ranked 15th in species abundance) and 63 sickleﬁn chubs (ranked 12th in species abundance) were
collected. Both the trawl and seine strongly selected for ﬁsh below 150 mm in length. Ninetythree percent of all ﬁshes in the trawl catch were
less than 150 mm and 92% in the seine catch were
less than 150 mm (Fig. 2).
The sturgeon chub and sickleﬁn chub were
captured throughout 94% of the area sampled in
the Williston and the Yellowstone segments. Both
chub species were collected from the Williston
segment between river kilometer (Rkm) 2553 and
Rkm 2500. In the Yellowstone segment both the
sturgeon chub and sickleﬁn chub were collected
from 94% of the segment’s 28 km length. The
sturgeon chubs were collected between Rkm 28
and Rkm 2, and the sickleﬁn chubs were collected
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Figure 2. Length frequency distribution of the seine and trawl
catch for all species.

between Rkm 27 and Rkm 1. In contrast, no chubs
of either species were collected from the Bismarck
segment (length 53 km).
In the Williston segment, 15 sturgeon chubs
and 34 sickleﬁn chubs were captured, constituting
less than 11% of the trawl catch and less than 2%
of the seine catch. The overall relative species
composition in the Williston segment consisted of
1.1% sturgeon chubs and 2.5% sickleﬁn chubs. The
CPUE was 0.13 for sturgeon chubs and 0.30 for
sickleﬁn chubs.
In the Yellowstone segment, 16 sturgeon chubs
and 29 sickleﬁn chubs were captured, constituting
less than 12% of the trawl catch and less than 0.5%
of the seine catch. The overall relative species
composition in the Yellowstone segment consisted
of 1.2% sturgeon chubs and 2.2% sickleﬁn chubs.
The CPUE was 0.25 for sturgeon chubs and 0.46
for sickleﬁn chubs.
Habitat use
At observed discharges, no signiﬁcant diﬀerences
in habitat use were found between the Williston
and Yellowstone segments at sampling sites. In
both the Williston and Yellowstone segments,
there was no signiﬁcant relationship between discharge and CPUE (Spearman’s rank correlation;
p > 0.05). However, depth, velocity and Secchi
depths were signiﬁcantly diﬀerent (ANOVA,
p < 0.05; Tukey’s pairwise test, p < 0.05) between the Bismarck segment and both the Williston and Yellowstone segments. The Bismarck
segment was signiﬁcantly faster, deeper and had
clearer water than the other two segments (Table 2, Figs. 3 and 4A).
Of the 15 sturgeon chubs from the Williston
segment, most were collected from main channels
(53.3%), followed by sandbars (40.0%), and border
channels (6.7%). No sturgeon chubs were found in
side channel, backwater or revetment habitats. In
the Yellowstone segment, similar to the Williston
segment, most of the 16 sturgeon chubs were collected from main channels (68.8%), followed by
sandbars (12.5%), border channels (12.5%), and
side channels (6.3%). No sturgeon chubs were
found in backwater or revetment habitats.
Of the 35 sickleﬁn chubs from the Williston
segment, most were collected from main channels
(62.9%), followed by sandbars (14.3%), border
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Table 2. Habitat characteristics of sites sampled for sturgeon chubs and sickleﬁn chubs
Williston (n = 117)

Yellowstone (n = 63)
a

Bismarck (n = 66)

4.8 (3.0 SD)

4.1 (2.5 SD)

8.7b (2.2 SD)

Range

0.3–13.7

0.3–12.4

3.9–15.2

Mean bottom velocity (m/s)

0.7a (0.3 SD)

0.5a (0.3 SD)

1.5b (0.3 SD)

Range
Mean Secchi depth (cm)

0.1–1.4
21.0a (3.2 SD)

0.1–1.2
20.0a (3.7 SD)

1.0–1.9
104.0b (9.8 SD)

Range

17.0–30.0

15.0–32.0

57.0–175.0

Mean conductivity (lmhos)

597a (45.2 SD)

594a (55.8 SD)

637a (51.2 SD)

Range

535–735

521–701

576–779

Mean temperature (C)

22.7a (1.3 SD)

21.6a (1.4 SD)

19.4a (1.6 SD)

Range

16.7–24.4

18.0–23.5

15.4–22.6

Sand

42.7

42.9

9.1

COM

23.9

25.4

48.5

Woody debris

14.5

12.7

30.3

Mud/silt
Gravel

11.1
7.7

11.1
7.9

7.6
4.5

Mean depth (m)

a

Substrate composition (%)

Means with diﬀering superscripts indicate signiﬁcant diﬀerence (p < 0.05).

channels (17.1%), and side channels (5.7%). No
sickleﬁn chubs were found in backwater or revetment habitats. In the Yellowstone segment most of
the 29 sickleﬁn chubs were collected from main
channels (62.1%), followed by border channels
(27.6%), sandbars (6.9%), and side channels
(3.4%). No sickleﬁn chubs were found in backwater or revetment habitats.
One model for each species was developed to
relate chub presence and habitat characteristics

1400
Bismarck

DISCHARGE (m3/sec)
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Yellowstone
Williston

1000
800
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400
200
0
7/10 7/14 7/18 7/22 7/26 7/30 8/3 8/7 8/11 8/15 8/19 8/23 8/27
DATE

Figure 3. Daily discharge for the Williston, Yellowstone, and
Bismarck segments from July 10 to August 30, 1995 (U.S.G.S.,
1998).

(Table 3). No model was developed for the Bismarck segment because of the lack of catch. Because there were few diﬀerences in habitat
characteristics at sampling sites between the Williston and Yellowstone segments, the models were
developed by combining data from these two
segments. Three variables, velocity, depth and
turbidity were signiﬁcantly (p < 0.05) related to
sturgeon chub presence. For the sickleﬁn chub,
four variables, velocity, depth, turbidity and substrate were signiﬁcantly (p < 0.05) related to chub
presence. Therefore, we rejected the null hypothesis that there was no diﬀerence in habitat characteristics where sturgeon and sickleﬁn chubs were
captured and not captured.
Variables that entered both models were good
predictors of chub presence (v2 test of covariates;
p < 0.05). The sturgeon chub model accurately
predicted sturgeon chub presence at 72.2%. The
model indicated that sturgeon chub presence increased signiﬁcantly as depth decreased, velocity
increased and water clarity decreased.
The sickleﬁn chub model accurately predicted
presence at 85.5%. The model indicated that sickleﬁn chub presence increased as depth increased,
velocity decreased, water clarity decreased and
sand became the dominant substrate.
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Yellowstone segments (ANOVA; p < 0.05).
Therefore, we rejected the null hypothesis that
there was no diﬀerence in habitat characteristics
where either sturgeon chubs or sickleﬁn chubs
were captured. Depth, velocity and substrate signiﬁcantly diﬀered between sturgeon chub and sickleﬁn chub capture sites (Tukey’s pairwise test;
p < 0.05). Sturgeon chubs used shallow habitats
(mean depth ¼ 2.5 m), with higher water velocities
(mean velocity ¼ 0.89 m/s) and gravel substrate
(particle size: 2 mm £ 16 mm). In contrast, sickleﬁn chubs used deeper habitats (mean
depth ¼ 6.8 m) with lower water velocities (mean
velocity ¼ 0.47 m/s) and sand substrate (particle
size: 0.06 mm £ 2 mm). Furthermore, both chubs
were present together in only 13.2% of the successful chub sampling sites, which further suggests
dissimilarity in the speciﬁc habitat selection of the
two chubs.
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Figure 4. (A) Mean monthly suspended sediment loads for the
Bismarck, Yellowstone and Williston segments from 1971 to
1996 (U.S.G.S., 1998). (B) Mean monthly water temperature
for the Bismarck, Yellowstone and Williston segments from
1971 to 1996 (U.S.G.S., 1998). (C) Mean monthly discharge for
the Yellowstone River at Sidney, MT, Missouri River at Bismarck, ND from 1971 to 1996, and Missouri River at Bismarck
from 1928 to 1953 (U.S.G.S., 1998).

Species-speciﬁc habitat use
Signiﬁcant diﬀerences were found between the
habitat characteristics of sturgeon chub and sickleﬁn chub capture sites in the Williston and

The most common age of both sickleﬁn chubs and
sturgeon chubs was age-2 (Table 4). Overall, 6% of
the sturgeon chubs collected were age-1, 68% were
age-2, and 26% were age-3. The sickleﬁn chub age
structure was 6% age-1 ﬁsh, 70% age-2 ﬁsh, 22%
age-3 ﬁsh and 2% age-4 ﬁsh.
Both sturgeon chubs and sickleﬁn chubs of
diﬀerent ages showed no signiﬁcant diﬀerences in
habitat use (ANOVA; p > 0.05). Therefore, we
failed to reject the null hypothesis that there was
no diﬀerence in depth, velocity, water clarity,
temperature, conductivity, substrate and river
habitat type among areas occupied by diﬀerent
age-classes of sturgeon chubs and sickleﬁn chubs
during the summer. However, age-1 sturgeon
chubs were only captured in the main channel, and
age-1 sickleﬁn chubs were only captured in main
channel and border channel habitats.

Table 3. Final model equations for characterizing habitat where sturgeon chubs and sickleﬁn chubs were presence or absent
Model equation

p-Value

Log odds of sturgeon chub presence = 12.9947 ) 0.4328 (depth) + 5.2058 (water velocity) ) 0.8798 (water clarity) <0.001
Log odds of sickleﬁn chub presence = 12.3535 + 0.2913 (depth) ) 2.7027 (water velocity)
) 0.8056 (water clarity) + 2.1990 (sand) ) 2.5728 (gravel) ) 4.6161 (mud)

<0.01
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Table 4. Length range and mean length at age for sturgeon chubs and sickleﬁn chubs in the middle Missouri and lower Yellowstone
rivers, North Dakota
Age (year)

Mean length (mm)

Length range (mm)

Number of ﬁsh

Sturgeon

Sickleﬁn

Sturgeon

Sickleﬁn

Sturgeon

Sickleﬁn

1

42.5

46.0

35–50

39–53

2

4

2

65.4

75.3

51–75

53–85

21

45

3

82.8

93.1

73–86

86–99

8

14

4

–

107

–

107

0

1

Discussion
Signiﬁcant diﬀerences in habitat use between sturgeon chubs and sickleﬁn chubs are consistent with
results reported elsewhere. For example, we found
that sturgeon chubs used shallower water than
sickleﬁn chubs. W.R. Gould (Montana State University, Bozeman, Pers. Comm.) collected sturgeon
chubs in the Powder River in depths of 0.6 m or
less, and Grisak (1996) collected sickleﬁn chubs in
the Missouri River in depths of 1.5 m or greater.
Other studies demonstrated diﬀerences in habitat
depth (Burr & Warren, 1986; Cross & Moss, 1987).
The biological signiﬁcance of depth is unclear.
Chubs may be seeking speciﬁc depths, or they may
be seeking combinations of velocity, substrates or
other factors associated with these depths.
Water velocities of habitat used by chubs diﬀered.
Sturgeon chubs inhabited areas with higher water
velocities than sickleﬁn chubs. Hesse (1994) reported
sturgeon chubs use a habitat with strong current (not
measured) and Grisak (1996) found sickleﬁn chubs
used habitats with a mean water velocity of only
0.58 m/s. The sturgeon chub’s uniquely keeled scales
may improve its hydrodynamics, allowing it to hold
its position in high water velocities (Pﬂieger, 1975).
Furthermore, Davis & Miller (1967) found the
sturgeon chub’s cerebellum to be more highly
developed than that of the sickleﬁn chub. A larger
cerebellum has been associated with inhabiting fast
water (Davis & Miller, 1967).
Substrate use also diﬀered between the two
chub species. Although gravel was the least common substrate observed over all sampling sites, it
was the second most common substrate observed
at sites where sturgeon chubs were found. The
primary substrate reportedly used by the sturgeon
chub elsewhere was gravel (Davis & Miller, 1967;

Baxter & Simon, 1970; Gelwicks et al., 1996).
Sickleﬁn chubs were found predominately over
sand substrate, as has been found elsewhere (Davis
& Miller, 1967; Klutho, 1983; Gelwicks et al.,
1996). As an adaptation to these types of substrate, both chub species have ﬂeshy coverings
over their eyes, which are thought to serve to reduce abrasion by sand and ﬁne gravel (Davis &
Miller, 1967; Werdon 1993a, b). In addition, Davis
& Miller (1967) suggested that the diﬀerence in
substrate use between the two chubs is due to a
diﬀerence in feeding mechanisms. Davis & Miller
(1967) hypothesized that the sturgeon chub is more
selective and detects food more readily because it
has a higher density of cutaneous taste buds than
the sickleﬁn chub. This would allow it to feed more
eﬀectively over coarser substrates, such as gravel,
which requires a good external sorting mechanism
for food to avoid ingestion of the larger inert
particles. In contrast, the sickleﬁn chub has a
higher density of pharyngeal taste buds and is
capable of ingesting large quantities of detritus
and then use its more eﬃcient internal sorting
mechanism to separate food particles from inedible matter (Davis & Miller, 1967). This would allow it to feed eﬀectively over smaller substrates,
such as sand, which can be readily picked up and
sorted by the chub.
The lack of signiﬁcant diﬀerences in habitat use
by ﬁsh of diﬀerent ages of both sturgeon chubs
and sickleﬁn chubs suggest younger ﬁsh do not
require diﬀerent habitat from mature ﬁsh. Fish in
this study were collected during the reported
summer spawning period.
The inability to seine the Bismarck segment
made it impossible to accurately compare ﬁsh total
abundance between the Bismarck segment and the
other two segments. However, comparisons
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among catches were possible among the three
segments for the trawl, which has been found to be
the most successful gear for sampling both species
in this portion of the Missouri River (Welker,
2000). In this study, trawls were also the more
successful gear of the two used for both chubs
(sickleﬁn chub: 57 trawl versus 7 seine; sturgeon
chub: 23 trawl versus 8 seine), and sampled more
than 20 other species (Everett, 1999). Total catch
of all ﬁshes in the trawl samples (4 ﬁsh) in the
Bismarck segment was much lower than in the
other two segments (376 ﬁsh and 347 ﬁsh). These
results were similar to those later reported by
Welker (2000), who found both species to be
common in the Yellowstone and Missouri (below
Fort Peck Dam), but absent in the Bismarck segment.
The lack of chubs (as well as near absence of
other ﬁshes) in the Bismarck segment corresponded to major diﬀerences in habitat between
that segment and the other two. The sampling sites
in the Bismarck segment were deeper, faster ﬂowing and clearer than both the Williston and Yellowstone segments. Both habitat models from the
Yellowstone and Williston segments included
these three variables (depth, velocity and water
clarity) as signiﬁcantly correlated with the variation in the presence of both chub species. Evidently, these three variables are habitat
characteristics that inﬂuence the chubs’ distribution and abundance.
Temperature diﬀerences between the segments
also exist. Although no signiﬁcant diﬀerences were
found in water temperature between the Bismarck,
Williston and Yellowstone segments during our
brief, late summer sampling period, monthly mean
temperatures over the 25-year period 1971–1996
were much lower in the Bismarck segment than in
both the Williston and Yellowstone segments
(Fig. 4B). In addition, water temperatures at Bismarck depicted in Figure 4B are often several degrees higher than water 130 km upriver at
Garrison Dam, especially in mid to late summer.
The signiﬁcant diﬀerences observed in depth,
velocity, water clarity and temperature between
the Bismarck segment and both the Williston and
Yellowstone segments are associated with habitat
changes resulting from Garrison Dam. The deepened channel below Garrison Dam is the result of
high discharges scouring the streambed. After the

closure of Garrison Dam in December 1953, mean
monthly discharge has increased from its historical
level as much as 514 m3/s in February and decreased as much as 697 m3/s in June (Fig. 4C). The
resulting ﬂow regulation and channel morphology
has reduced the range of depths and velocities,
thereby reducing the diversity of ecological niches
the river once provided (Hesse & Sheets, 1993).
Garrison Dam has also increased water clarity
in the river. Inﬂowing suspended sediments settle
out behind the dam under reduced current velocities. The habitat models indicate that both chub
species inhabit areas with low water clarity, such
as in the Yellowstone and Williston segments, as
opposed to the clearer waters of the Bismarck
segment. More investigations are needed on the
exact mechanism resulting in the absence of both
chub species in the clearer water. Predation by
sight-feeding ﬁshes is one possible cause worth
investigating. Regardless of the exact cause, the
absence of chubs in all habitats in the Bismarck
segment indicates that turbidity is one factor
associated with the presence or absence of these
species.
Hypolimnetic withdrawals from Garrison Dam
have also reduced water temperature in the Bismarck segment. Such temperature alterations have
been shown to have substantial eﬀects on ﬁsh
communities. Several studies have shown ﬁsh
growth to be temperature dependent (Ricker,
1979; Jobling, 1981). Altered temperatures also
alter the prey composition. Both chub species feed
on benthic invertebrates (Reigh & Elsen, 1979;
Stewart, 1981). Vannote & Sweeney (1980) demonstrated that decreased temperatures reduced the
adult body size of several invertebrates, which in
turn resulted in decreased fecundity. Moreover,
many ﬁsh species need a natural temperature cycle
for proper egg development. The consistently cool
temperatures caused by dams have in some states
resulted in spawning event failure (Allen, 1995).
More research is needed on the eﬀects of temperature on the two chub species.
The status of both the sturgeon chub and sickleﬁn chub is currently a subject of debate.
Some studies show depressed populations
that indicate a threatened or endangered status
of both species (Werdon, 1993a, b; Hesse, 1994). In
contrast, W.R. Gould (Montana State University,
pers. comm.) sampled for sturgeon chubs in
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Montana in the 1990s and found them to exhibit a
more widespread distribution and higher catch
rates than found elsewhere in its range. Similarly,
Grisak (1996) reported high relative abundance of
sickleﬁn chubs from trawl catches in Montana, as
well as high catch rates of diﬀerent aged ﬁsh,
indicating a healthy population. These two species
were captured in greater numbers in the two uppermost segments of our study area than any other
cyprinids except the ﬂathead chub (Platygobio
gracilis) and common carp (Cyprinus carpio).
The sturgeon and sickleﬁn chubs’ widespread
distribution, high relative abundance, and diversity of ages in the Williston and Yellowstone segments indicate that their status in these segments is
better than at most locations throughout their
range. Therefore, maintaining a near natural
hydrograph, a natural thermal regime, natural
habitat diversity, and natural levels of turbidity
should be considered vital to the survival of these
two native Missouri River chubs.
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