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PREFACE
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of Benthic Fishes Along the Missouri
and Lower Yellowstone Rivers
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e/benthic_fish/benthic_fish.htm. Anticipated date of
publication is in (parentheses) for volumes not yet
available. Please use the citation format suggested here
without the email address when referencing Final
Report volumes.
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EXECUTIVE SUMMARY

This volume (Volume 3) is part of the final report for
the Benthic Fishes Study, which was a research project
conducted on the warm-water Missouri River from
Montana to Missouri by a consortium of Cooperative
Research Units (ID, MT, SD, KS, IA, MO), the
Columbia Environmental Research Center (U. S.
Geological Survey), and the Montana Department of
Fish, Wildlife, and Parks. The goal was to evaluate the
status of bottom dwelling or benthic fishes and riverine
habitat to assist the U. S. Army Corps of Engineers and
other federal and state agencies in managing the
Missouri River system. The history, design, objectives,
and working hypotheses of the study and review of key
literature on the Missouri River fishes are in Volume 1.
An analysis of physical habitat features is in Volume 2.
An analysis of the growth, mortality, and recruitment of
selected benthic species is in Volume 4.

The purposes of this volume are to describe the dis-
tribution and abundance of benthic fishes and show
associations with major macrohabitats and physical
habitat features. The study was done in the main chan-
nel of the Missouri River from Montana to St. Louis,
Missouri, between July and October 1996, 1997, and
1998.

The study design divided the Missouri River main
channel into three zones and 15 segments progressing
from Segment 3 in Montana to Segment 27 just
upstream from the confluence of the Missouri River
with the Mississippi River. The least-altered zone was
the upper Missouri and lower Yellowstone Rivers. The
inter-reservoir zone included segments downstream
from dams in Montana, North Dakota, and South
Dakota. The channelized zone was downstream from
Sioux City, lowa, to the Mississippi River. In the least-
altered zone were two segments of the Missouri River
upstream from Fort Peck Dam and one segment of the
lower Yellowstone River (Segments 3, 5, 9; numbers
always underlined). In the inter-reservoir zone were
five riverine segments (Segments 7, 8, 10, 12, 14; num-
bers always bold) isolated between dams and one seg-
ment (Segment 15) downstream from Gavins Point
Dam that was open downstream to the channelized
zone. In the channelized zone were six segments
(Segments 17, 19, 22, 23, 25, 27; numbers always in
italics) distributed relatively uniformly throughout the
1,176 km length of the channelized zone.

Fish were sampled in six macrohabitats (secondary
channel-connected, secondary channel-nonconnected,
tributary mouth, mainstem outside bend, mainstem
inside bend, and mainstem channel crossover). Outside
bends, inside bends, and channel crossovers were com-
bined into the variable termed “BEND” for some
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analyses. Five fishing gears were used - gill net, bag
seine, bottom trawl, drifting trammel net, and elec-
trofishing. The most productive were the bag seine
(45% of total catch) and electrofishing (43% of total
catch), but all gears were useful. For example, our
study was the first extensive use of a bottom trawl,
which caught most sturgeon chubs and sicklefin chubs.

The benthic fishes assemblage included commercial
(e.g., catfish), recreational (e.g., sauger), and imperiled
species (e.g., pallid sturgeon) that are directly impor-
tant to economic considerations of river management;
and also included a group of prey species (e.g., emerald
shiner, sand shiner) that are important to river ecology
and to the food webs of fish predators. Benthic fishes
are species that use the river bottom for much of their
life requirements, rather than use mid-depths or off
channel habitats. Benthic species are sometimes the
first to signal deleterious environmental changes
because stressors in river systems converge on and have
cumulative impacts on benthic habitat and biota.

We collected 77,196 specimens of all 26 benthic
species. Total catch ranged from four pallid sturgeons
to about 20,000 emerald shiners. Relative abundance
among the benthic fishes assemblage for the most com-
mon species was 25% for emerald shiner, 13% for flat-
head chub, 9% for river carpsucker, 9% for channel
catfish, and 6% for white sucker. Five species of benth-
ic fishes did not inhabit the entire mainstem because
their distribution was limited to the upper basin (bur-
bot, white sucker) or lower basin (flathead catfish, blue
catfish, sand shiner). More sturgeon chubs (1,933) and
sicklefin chubs (709) were caught than expected due to
their previously documented rarity; most were captured
in the bottom trawl. Two of the four large pallid stur-
geons captured were caught in the Yellowstone River,
one in a Missouri River segment near the Yellowstone
confluence, and one in a channelized zone segment.
Pallid sturgeons were collected in deep (1.7 — 4.8 m)
swift (0.5 — 1.0 m/sec) water; three in the inside bend
macrohabitat and one in a tributary mouth.

Catch per unit effort (C/E) was compared among
year of study, zone, segment, and macrohabitat.
Significant year effects in C/E were found for 9 of 42
possible contrasts; however, because our interest was in
zone and segment effects years were not examined fur-
ther. Data were not useful because of low catches for
eight species (3 Hybognathus species, pallid sturgeon,
burbot, bigmouth buffalo, sand shiner, white sucker),
thus leaving the combination of five gears for 18
species with which to address the 22 planned contrasts
among zones and selected segments. Data for some
gears were inadequate because of low catches, thus
leaving 42 species/gear combinations to test each of the
22 contrasts (42 x 22 = 924 possible tests). In this



group of possible tests, catches were sometimes too
low for making certain contrasts (e.g., when only two
segments were compared), thus resulting in a total of
446 statistical tests of which 85 were significant and
361 were not significant. The complex mix of respons-
es was often difficult to interpret. Significant results
for one species/gear combination were sometimes con-
tradicted by data from another gear. However, some
general trends were apparent.

Twenty of 86 zone contrasts were significant.
Significant contrasts indicated that catches of seven
species [channel catfish (gillnet), flathead chub, fresh-
water drum, sauger, shorthead redhorse, sicklefin chub,
sturgeon chub] were higher in the least-altered zone
than in the inter-reservoir or channelized zones, where-
as channel catfish seine catches showed the opposite
trend. Several lines of evidence (relative abundance,
species richness, total catch, segment similarity analy-
sis, analysis of C/E) indicated that these benthic fishes
population metrics were lower in the inter-reservoir
zone. Segment 12 between Garrison Dam and the
upper end of Lake Oahe often had the lowest ranking
of any segment for population metrics.

Other contrasts were planned to test segment effects
within zones. No trends in C/E were discovered in
contrasts between three segments upstream and three
segments downstream from Kansas City. Contrasts
were not possible for 11 species and 19 of 24 possible
contrasts of C/E were not significant. No trends in C/E
were found in contrasts between Missouri River
Segments (3 and 5), and Yellowstone River Segment 9
in the least-altered zone. The C/E for emerald shiner
(seine data), flathead chub (electrofishing data), short-
head redhorse (trammel net data), and sicklefin chub
(trawl data) was higher in Segments 3 and 5 than in
Segment 9, whereas four other species/gear combina-
tions indicated higher catches in Segment 9 than in
Segments 3 and 3.

Thirteen species increased in total catch from Ft
Peck Dam to the upper end of Lake Sakakawea, but the
influence of the Yellowstone River on this trend was
not supported by statistical comparisons of C/E among
segments up- and downstream from its confluence.
Only the sicklefin chub had higher C/E downstream
from the Yellowstone confluence than above.

A group of segment contrasts was planned to exam-
ine the difference between C/E upstream and down-
stream from reservoirs (i.e., Fort Peck Lake, Lake
Sakakawea, Lewis and Clark Lake). For Fort Peck Lake
and Lake Sakakawea the C/E was higher upstream
from the reservoirs for four species/gear combinations
(flathead chub, shorthead redhorse, sicklefin chub,
sturgeon chub) and lower upstream for one species/gear
combination (common carp). However, presence data
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for eight species showed a pattern of higher catches
upstream from reservoirs than downstream (emerald
shiner, burbot, flathead chub, sauger, sicklefin chub,
smallmouth buffalo, stonecat, sturgeon chub).

In Segment 15, which was not isolated between
reservoirs, C/E was similar to those in other segments
as judged by the 103 insignificant contrasts of 122 pos-
sible contrasts. The segments upstream (Segment 14)
and downstream (Segment 15) from Lewis and Clark
Lake are listed as National Recreational River reaches.
The species assemblage was similar in these two seg-
ments, but we collected about 5,000 fish in Segment 14
and about 17,000 (about one-third emerald shiners) in
Segment 15. The trend in higher total catch in Segment
15 than in Segment 14 was supported by the C/E and
presence data for nine species.

Fish abundance in Segments 15 and /7 (first chan-
nelized segment) are often compared because of the
different channel forms in each segment. For contrasts
involving Segments 15 and channelized zone segments,
four species (common carp, emerald shiner, flathead
catfish, river carpsucker) had higher C/E in Segment
15 and three species had lower (channel catfish, fresh-
water drum, river carpsucker). The C/E values were
usually higher in Segment 15 when compared to
Segment /7 alone, but there was no trend when other
channelized segments were included with Segment /7.

A second goal of the study was to investigate the
relationship between habitat characteristics and pres-
ence of benthic fishes. Total catch and fish presence
were analyzed for associations with macrohabitats and
physical habitat variables (e.g., velocity, depth, turbidi-
ty, substrate size) at each site of fishing gear deploy-
ment. No species could be termed a “macrohabitat spe-
cialist”. Total catch was high for every species in at
least three macrohabitats; catches were high for all
species in inside bends and secondary channel-connect-
ed macrohabitats; but only six species had high total
catches in channel crossovers (channel catfish, flathead
chub, sicklefin chub, shovelnose sturgeon, stonecat,
sturgeon chub). Conclusions about macrohabitat use
are for the summer-early autumn sampling period only;
we assume that fish use more than one habitat depend-
ing on season and life stage.

Analysis of variance of species presence with habitat
measures resulted in habitat associations for all benthic
fishes except the fathead minnow. Stepwise logistic
regression analysis was also used to identify habitat
conditions that might be useful in predicting fish pres-
ence. The R? values ranged from 0.01 to 0.06 for nine
species, and from 0.06 to 0.36 for 13 species. These
data help fill in gaps in our knowledge about habitat
needs of individual species. For example, the likelihood
of presence of shovelnose sturgeon increased with
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increased water depth and velocity (R2 =0.27). Mean
depth at shovelnose sturgeon presence locations was
2.4 m; mean velocity at presence locations was 0.6
m/sec.

Ordination plots were used to summarize general
trends in associations of benthic species with segments,
macrohabitats, and environmental variables. Three
species assemblages and segments grouped roughly by
zones. Sauger, sturgeon chub, flathead chub, burbot,
sicklefin chub and stonecat were grouped with least-
altered Segments 3, 5, 9, (and Segment 10). Fathead
minnow, shorthead redhorse, bigmouth buffalo, white
sucker, and walleye were grouped with inter-reservoir
Segments 7, 8, and 12. Fishes associated with silt sub-
strates and slow water velocity conditions (e.g., big-
mouth buffalo, smallmouth buffalo, sauger, walleye,
freshwater drum) were grouped with non-connected
secondary channels and tributary mouths. Grouped in
the BEND habitat were fishes such as shovelnose stur-
geon, sicklefin chub, blue sucker, sturgeon chub, and
flathead catfish. The benthic fishes assemblage used a
wide range of substrate types, water velocities and
water depths so habitat diversity is important in con-
serving these species.

About 37,000 specimens of 80 other species brought
the ichthyofaunal list developed during this study to106
species. We caught 52 other species in 1996, 67 other
species in 1997, and 54 other species in 1998. Of the
non-benthic species, more than 1,000 specimens were
collected of gizzard shad, goldeye, longnose sucker,
quillback, red shiner, spotfin shiner, and white crappie.
Other commonly captured native species were longnose
dace, river shiner, shortnose gar, and silver chub. The
general longitudinal pattern for all 106 benthic and
non-benthic species was an increase in species richness
from the Montana to Missouri sections of the river.
Total catch over all years of all species averaged about
8,000 fish per segment in the least-altered zone, 4,000
fish per segment in the inter-reservoir zone, and 6,000
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fish per segment in the channelized zone.

We found 12 species had not been reported in the
open literature, and did not find 30 species reported
after other surveys. As noted for certain benthic
species, distribution of some of the 80 non-benthic
species was not basin wide because of native range
limitations. For example, gizzard shad was the most
commonly caught species (about 25,000 captured), but
it was not found upstream from Segment 14 (South
Dakota). On the other hand, longnose sucker was also
common (4,973 collected), but was not found down-
stream from Segment 12 (North Dakota). The goldeye
was common (3,836 collected) and found in every seg-
ment, but lowest catches were in inter-reservoir
Segments 12 and 14. Native species composed 85% of
the 106 species collected. We found five exotic species,
including two Asian carps (grass carp, bighead carp),
and 11 introduced species that had been stocked as
game fish or prey species into reservoirs (e.g., bluegill,
green sunfish, largemouth bass, smallmouth bass, rain-
bow smelt, rainbow trout). We also found three hybrids:
1) striped bass x white bass, 2) walleye x sauger, and 3)
green sunfish x Lepomis sp. (i.e., bluegill, orangespot-
ted sunfish).

Combining distribution and abundance results for
the benthic fish assemblage presented here with results
from other volumes on fishes and their habitats pro-
vides a comprehensive, river-wide perspective of how
these species have responded to natural and anthro-
pogenic factors in the riverscape. Lessons learned at
the large spatial and temporal scales examined can
serve as a guide for planning other great river studies
or for monitoring Missouri River fishes. We hope
these results will assist the U. S. Army Corps of
Engineers and other federal and state agencies in man-
aging and restoring the Missouri River and its native
fishes while it continues to contribute to the economic
health of the basin.
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INTRODUCTION

Much is known about the fish community of the
Missouri River basin. The Missouri River has had a
rich fisheries history since the first notes on fishes
were made by Lewis and Clark (Moring 1996). Of the
171 species found in the basin, about 138 are native
(Cross et al. 1986 report 173 species in the basin) and
about 100 occur in the mainstem (Galat et al. 2005).
The lower basin was a refuge for fishes during glacia-
tion, so archaic families - Acipenseridae (sturgeons),
Polyodontidae (paddlefish), Lepisosteidae (gar), and
Hiodontidae (goldeye) - exist (Cross et al. 1986). In the
late 1800s the river supported a large commercial fish-
ery that was still substantial ($725,000 per year) in the
1970s, but is much less today. A recent ban on com-
mercial fishing for channel catfish has probably bene-
fited the recreational fishery (Stanovick 1999, Mestl
1999a). The river has always supported sport fishing,
which expanded greatly when reservoirs and tailrace
fisheries were created by six mainstem dams. The most
important sport fishes are channel catfish, paddlefish,
and walleye. See Tables 1 and 2 for list of scientific
names of fishes. Contemporary fisheries issues are 1)
the decline of native fishes and 2) the invasion of exot-
ic species.

Native fishes have been identified as the group most
jeopardized by past and present management practices
on the Missouri River. About one-fifth are currently
listed as rare, threatened, or of special concern by states
or the federal government (Galat et al. 2005). However,
states on the periphery of a species range may list a
species as being rare within their boundaries, while the
fish is abundant elsewhere in the basin. While only one
mainstem fish (pallid sturgeon) is currently listed as
endangered by the federal government, as many as 35
native species may be declining because of competition
from new species, river fragmentation, and loss or
change of habitat (Hesse 1996, Galat et al. 2005). Most
conclusions about the status of Missouri River fishes
are based on studies limited to certain segments of the
river, but some of these studies have been intensive in
those segments (reviewed by Hesse 1996).

Because of the great length (3,768 km) and inter-
jurisdictional nature of the Missouri River, there have
been no coordinated, riverwide assessments of fish
populations. However, species lists have been made for
the mainstem in the lower basin (e.g., Galat et al.
1996), middle basin (e.g., Hesse 1996, Berry and
Young 2004), upper basin (Hendrickson et al. 1995),
and for the Yellowstone River (White and Bramblett
1993). A basinwide fishery review was done by Hesse
et al. (1989), who listed 171 fish species in the basin,
and a more recent main channel and reservoir fishery
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review by Galat et al. (2005), who listed 136 species in
25 families. Native fishes compose 79% of the main-
stem ichthyofauna, 54% are classified as “big river”
species. Populations of 17 species are increasing, of
which about half are introduced. Populations of 24
species are declining in distribution and abundance,
and 11 species are listed by two or more states as
imperiled.

Management of the Missouri River is controversial
because of stakeholder conflicts (e.g., recreation, flood
control, transportation, power production, irrigation),
which are well known, much studied, and recently liti-
gated (NRC 2002). The Corps of Engineers (CE) has
synthesized information on basinwide economic uses
and environmental resources including fishes (e.g., CE
1998). Galat et al. (2005) listed river conservation
efforts that were underway, but noted that many are site
specific and few are being evaluated for benefits to
fish. Hesse et al. (1989) suggested the need for a holis-
tic approach to future fisheries research because fish
conservation necessitates a river-wide understanding of
biotic and abiotic factors that affect fishes. The study
reported here, known as the Benthic Fishes Study,
attempted the holistic research approach.

Scope of the Benthic Fishes Study

The study was conducted by six Cooperative Research
Units (Montana, Idaho, South Dakota, lowa, Kansas,
Missouri) and the Columbia Environmental Research
Center, Columbia, Missouri, which are in the
Biological Resources Discipline of the U. S. Geological
Survey, and by the Montana Department of Fish,
Wildlife and Parks (Montana FWP), Fort Peck,
Montana. Researchers with the Montana FWP worked
on the Missouri River downstream from Fort Peck Dam
to the confluence of the Yellowstone River and on the
Yellowstone River. Researchers at the Columbia
Environmental Research Center (Columbia ERC) pro-
vided statistical and fish biology expertise, and partici-
pated in developing the study design, managing the
data, and writing final reports.

A pilot study was done in 1995 (Braaten and Guy
1995), after which fieldwork was carried out for 3
years on 15 riverine segments (18 segments in 1996) of
the warm-water Missouri River, from Montana to the
confluence with the Mississippi River in Missouri
(Figure 1). Coordinated fieldwork using standardized
methods was done during the summers of 1996, 1997,
and 1998 at mainstem segments in each state. Volume |
gives detailed information on the background and
scope of the study, generally characterizes the Missouri
River system, describes fishes and habitat, and gives
the history and conduct of the study (Berry and Young
2001).



2 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Table 1. Common and scientific names of species in the benthic fishes assemblage. The T and E category refers to
federally threatened (T) and endangered (E) species and species listed by states as “Species of Concern” (Galat et al.

2005).
Tand E Recreational Commercial Prey
pallid sturgeon channel catfish bigmouth buffalo white sucker
Scaphirhynchus albus Ictalurus punctatus Ictiobus cyprinellus Catostomus commersonii
flathead chub blue catfish common carp stonecat
Platygobio gracilis Ictalurus furcatus Cyprinus carpio Noturus flavus

sturgeon chub
Macrhybopsis gelida

sicklefin chub
Macrhybopsis meeki

W. silvery minnow
Hybognathus argyritis

plains minnow
Hybognathus placitus

blue sucker
Cycleptus elongatus

burbot
Lota lota

shovelnose sturgeon
Scaphirhynchus
platorynchus

flathead catfish
Plyodictis olivaris

walleye
Sander vitreum

sauger
Sander canadense

freshwater drum
Aplodinotus grunniens

smallmouth buffalo
Ictiobus bubalus

shorthead redhorse
Moxostoma

macrolepidotum

fathead minnow
Pimephales promelas

brassy minnow
Hybognathus hankinsoni

sand shiner
Notropis stramineus

emerald shiner
Notropis atherinoides

river carpsucker
Carpiodes carpio

Total= 9

The research goal of the Benthic Fishes Study was
to evaluate changes in the Missouri River fish commu-
nity on a large spatial scale to assist the U. S. Army
Corps of Engineers and other federal agencies, state
agencies, and tribes in managing the river. The overall
objectives of the Benthic Fishes Study were:

1) describe and evaluate recruitment, growth,
size structure, body condition, and relative
abundance of selected benthic fishes;

2) characterize physical features (e.g., veloc-
ity, turbidity) in dominant habitats where

fishes were collected; and

3) describe use of dominant habitats used by

benthic fishes.

Purpose of Volume 3

This volume on the distribution and abundance of fish-
es in the warm-water portion of the mainstem Missouri
and Yellowstone Rivers is Volume 3 of a 12-volume

final report to the U. S. Army Corps of Engineers. The

purpose of this volume is to report on the distribution,
abundance, and habitat associations of 26 species of
benthic fishes and on the distribution of 80 other
species that were also caught during the study.

Large River Fish Studies in the Mississippi Basin
The Missouri River is a tributary to the Mississippi
River, as are many other small and large rivers in the
Mississippi River’s 29-state basin. The physical and
biological attributes of 20 rivers in the Mississippi
River basin have been summarized (Berry and Galat
1993). Major uses and changes influencing aquatic
biota include impoundment, channel modifications,
irrigation withdrawal, commercial navigation, loss of
riparian floodplain and instream flow, introduced fish-
es, and a host of water quality problems. Despite these
factors, 12 rivers of the Mississippi River basin had
unchanged or improved fish communities (Berry and
Galat 1993). The largest rivers in the Mississippi River
basin (i.e., upper Mississippi, Ohio, Tennessee,
Arkansas) have also been greatly modified, but overall
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Figure 1. Missouri River Benthic Fishes Study area from Montana to its confluence with the Mississippi River in

Missouri.

comparisons to the Missouri River are difficult because
the type of modification is fundamentally different
among rivers.

In the 2,333-km long Arkansas River, the lower 726
km have been made navigable by 17 locks and dams.
About 137 fish species inhabit the mainstem Arkansas
River, including navigation pools in the lower river
(Limbird 1993). Species richness in the mainstem
increases from 42 in the upper Colorado section to 108
in lower Arkansas section.

The 1,045-km-long Tennessee River, the fifth largest
in the nation with regard to discharge, lost 12 riverine
fish species after impoundment by nine mainstem dams
(Voightlander and Poppe 1989). About 225 species
inhabit the basin, but there are few flowing-water
reaches between dams. Major stresses in the basin are:
low dissolved oxygen, point source pollution, non-point
source pollution, and cultural eutrophication.

Permanent restrictions have been placed on the
2,096-km-long Ohio River by a lock and dam system.
The fish community of about 60 species in the middle
and upper mainstem has changed compared to pre-
1900 records (Van Hassel et al. 1988, Reash and Van
Hassel 1988). Lithophilic spawners and species intoler-
ant of pollution have declined or been eliminated (e.g.,
paddlefish, mooneye, highfin carpsucker); but the fish

community has improved in recent years, as 22 species
increased in abundance and only 7 (mostly omnivores)
species declined. Tributaries were a habitat feature
associated with high species richness.

On the 3,731-km-long Mississippi River, the upper
river is controlled by 19 navigation dams that make
broad shallow impoundments to create a slack-water
navigation channel 2.7-m deep from St. Louis to St.
Paul (Weiner et al. 1998). The lower Mississippi River
has been channelized and shortened by 229 km; but
remains un-impounded, although the natural floodplain
has been decreased by about 90% by levee construc-
tion. About 241 fish species are reported in the main-
stem and species diversity changes from about 60 in
headwaters, 132 in the upper Missouri River basin and
150 species in the lower Missouri River basin. About
32 species found in the mainstem usually inhabit tribu-
taries (Fremling et al. 1989). Catch of swift-water
species (e.g., shovelnose sturgeon, blue sucker, blue
catfish, and sicklefin chub) has declined in the upper
river, but not in the lower part. Commercial harvest
quantities have remained fairly constant (Fremling et
al. 1989), but have changed in species composition
from native fishes (e.g., buffalo) to exotic fishes (e.g.,
Asian carp). Harvest of American eel and channel cat-
fish have recently declined.
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Public uses of the Missouri River are similar to uses
of other rivers in the Mississippi River basin. A mix of
federal and nonfederal programs deal with river man-
agement and natural resource conservation, as dis-
cussed in Volume 1 (Berry and Young 2001). However,
the 3,768-km-long Missouri River is unlike other large
rivers because much of the main channel is riverine,
but highly regulated. The Missouri River is divided into
three approximately equal length zones as discussed in
Volume 2 (Galat et al. 2001). The upper zone repre-
sents a “least-altered” zone, which includes the lower
Yellowstone River. The middle zone is characterized by
six large mainstem reservoirs and short riverine seg-
ments between the reservoirs. The lower zone is chan-
nelized for navigation and flows are controlled by dis-
charges from upstream dams and by inputs from tribu-
taries. Habitat data collected during the Benthic Fishes
Study, and reported in Volume 2, was comprehensive.
The synthesis of the habitat data showed that environ-
mental and anthropogenic factors interacted to produce
patterns in physical habitat that differed at the zone,
segment, and macrohabitat scale. The diversity of habi-
tats within river segments was addressed by character-
izing six macrohabitats: channel crossover, inside bend,
outside bend (these were grouped into a BEND catego-
ry), secondary channel connected, secondary channel
not-connected, and tributary mouth. These macrohabi-
tats were also sampled for fish, so Volumes 2 and 3 are
somewhat complimentary. Pegg and Pierce (2002a)
simplify and interpret the complex changes in flow
occurring along the Missouri and lower Yellowstone
Rivers. They (Pegg and Pierce 2002b) concluded that
human alteration may have the strongest influence in
distinguishing fish community differences along the
Missouri and lower Yellowstone Rivers.

In summary, habitat conditions in most rivers in the
Mississippi River basin are not comparable to data
from the Missouri, because most rivers have much
smaller basins and different modifications that influ-
ence the fishery. For example, navigation pools domi-
nate the lower segments of major rivers except the
Mississippi and Missouri Rivers. Navigation pools
include both lentic (lake) and lotic (river) segments,
thus increasing fish diversity compared to the lower
section of the Missouri, which is lotic. Compared to
other rivers in the basin, diversity in the Missouri River
is limited by variable flow, high turbidity, extreme tem-
peratures, and low habitat diversity (Cross et al. 1986).
However, rivers in the Mississippi River basin have
common uses such as recreation, commercial fisheries,
industrial and municipal water supply, irrigation, trans-
portation, hydropower, waste assimilation, and flood
control.

STUDY AREA

The 3,768-km-long Missouri River basin encompasses
137 million ha, including 2.5 million ha in Canada. The
river flows from its confluence with the Gallatin,
Madison, and Jefferson Rivers in southwestern
Montana, near Three Forks, generally east and south
through the Northern Great Plains to its confluence
with the Mississippi River near St. Louis, Missouri
(Figure 1). The upper one third of the river is relatively
natural (termed the least-altered zone or LA zone in
this report), the middle one-third is mostly impounded
by six dams (termed the inter-reservoir zone or IR
zone), and the lower one-third has been channelized
(termed the channelized zone or CH zone). We also
included the lower 114 kms of the Yellowstone River
from its confluence with the Missouri River as part of
the LA zone.

Glaciation greatly influenced the basin and its fish-
es. Streams in the upper Missouri basin once had Arctic
outlets, but now flow to the Gulf of Mexico (Cross et
al. 1986). Because of glaciation, most tributaries and
the largest tributaries to the Missouri River are right
bank tributaries, flowing into the Missouri River from
the west. No fishes are endemic to the Missouri and
Yellowstone Rivers; pallid sturgeon, shovelnose stur-
geon, sicklefin chub, and sturgeon chub are examples
of characteristic native species.

Fisheries issues are usually related to changes in
physical habitat or to water quality downstream from
dams. There is little water quality degradation upstream
from Sioux City, lowa. Downstream from Sioux City,
domestic and industrial pollution is limited to the areas
directly downstream from municipalities (Schmulbach
et al. 1992). Consequently, fish habitat has been the
focus of many investigations. Summarized below are
important fish habitat issues presented in detail in
Volumes 1 and 2.

Morphometry and Hydrology

The series of dams have fragmented habitat, blocked
fish migration, and created water quality conditions
that harm native riverine fishes. For example, it is
hypothesized that suppression of the spring flood pulse
has caused loss of spawning cues (i.e., warm-water
coupled with river stage increases) that triggered
spawning activity in native river fishes.

Floodplain inundation in the spring is thought to be
important to the fish community. The Missouri River
has two general periods of flooding, which are now
highly modified by storage reservoirs. The “March
rise” is caused by snowmelt in the plains and the break-
up of ice in the main channel and tributaries. Waters in
the March rise usually inundate the flood plain in the



upper portion of the basin. The “June rise” is produced
by runoff from melting mountain snow and rainfall
throughout the basin. Discharges from large tributaries
in the lower basin (e.g., Platte River) still cause occa-
sional flood plain inundation in the lower basin, some-
times later in the summer than is natural (Hesse 1996,
Latka et al. 1993). The present hydrograph allows less
flood plain inundation and is more predictable than the
natural hydrograph (Galat and Lipkin 2000). These
conditions were less of a factor in the LA zone
(Montana) than in the IR zone and upper-CH zone.
Discharges from large tributaries in the CH zone (e.g.,
Platte River, Kansas River, Osage River) cause a flood
pulse in the lower CH zone.

Water turbidity is a fundamental habitat feature
affecting fishes. The mainstem and tributary reservoirs
collect much of the alluvium previously transported
downstream. Navigation in the lower 1,200 km of the
river is facilitated by dikes, revetments, and sills, which
make the channel nearly self-scouring. Unnatural
degradation and aggredation processes have deteriorat-
ed fish and wildlife habitat.

Energy for Fish Production

Organic matter inputs (termed allochthonous material)
from the floodplain are important to river ecology
(Allan et al. 1997). The amount of allochthonous and
autochthonous organic matter in the Missouri River is
unknown, but trends in organic matter inputs in the IR
and CH zones have been studied. Allochthonous organ-
ic material (e.g., vegetation, humic material) comes
from the floodplain; autochthonous material (e.g., phy-
toplankton, aquatic macrophytes) is produced within
the river. Researchers have hypothesized that changes
in the floodplain and river in the IR and CH zones have
reduced organic matter sources and inputs and fish
population matrices such as production, growth, and
recruitment (Hesse et al. 1988, Schmulbach et al.
1992). Fish population matrices for selected benthic
fishes are presented in Volume 4 of the Benthic Fishes
Study final report (Pearce et al. 2004). The authors
reported that patterns in fish growth and condition dif-
fered among zones and related the findings to river
productivity, growing season, local conditions, and
other factors.

An early comprehensive study of river productivity
and commercially important fishes concluded that fish
diet and growth emphasized the bottom feeding habits
of the Missouri River fishes. It also emphasized the
importance of allochthonous organic matter in the
Missouri River ecosystem (Berner 1951). Since
Berner’s study, changes in the floodplain have occurred
(Hesse et al. 1988, Johnson 1992, Becker and Gorton
1995) and are generally characterized as follows: the
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natural riparian vegetation in bottomland hardwoods,
grasslands, and wetlands has been reduced, while culti-
vated land has increased from 18% to 83% since settle-
ment. The river now has few backwaters with emergent
and submergent aquatic plants because of channeliza-
tion and channel degradation. Organic material from
these plant communities has been reduced (about 65%,
Hesse et al. 1989), so less organic material can enter
the river in floodwaters or from tributaries.

Autochthonous organic matter (e.g., aquatic plants,
phytoplankton) is produced within the river from sun-
light. Although reservoirs have reduced turbidity in the
mainstem, sunlight remains a limiting factor to plank-
ton and periphyton production. However, when turbidi-
ty decreases in rivers, some riverine fish species are
replaced by sight-feeding planktivores and piscivores
adapted to lentic habitats and clear water (Pflieger and
Grace 1987). Such changes were apparent by 1974 in
the lower Missouri River (Funk and Robinson 1974).

On the other hand, man-made channel structures
provide habitat for aufwuchs (periphyton) colonization
and reservoirs release tons of plankton that partly offset
the loss of production from natural habitat. Algae,
detritus, phytoplankton, and periphyton are consumed
by many fish species in the riverine portions of the
Missouri River (Walburg and Nelson 1966, McComish
1967, Nelson et al. 1968, Troelstrup 1985). Invertebrate
response to habitat change is complex. For example,
river current velocity of 1-3 m/s and shifting substrates
probably reduce benthic macroinvertebrate production,
whereas flow constancy probably helps benthic inverte-
brate and aufwuchs communities (Waters 1995).

Fish Macrohabitats

In general, fish macrohabitats associated with islands,
sand bars, and backwaters have declined; whereas deep
and swift main channel habitats have increased (FWS
1980, Becker and Gorton 1995). About 396,000 ha
(990,000 acres) of bottomland and 1,216 km (760
miles) of channel are inundated by reservoirs in the
upper river and stable flows and channelization has
harmed about 66,400 ha (166,000 acres) of natural
aquatic habitat in the lower river (CE 1981, Becker and
Gorton 1995). Mitigating negative impacts has been an
ongoing Corps program (Becker and Gorton 1995),
especially recent efforts to create fish habitat with envi-
ronmental engineering techniques (Galat et al. 2005).
For example, about 1200 ha (30,000 acres) of bottom-
land and chutes have been restored, erodible stream
banks protected while improving bank habitat, and
dikes notched for improved fish habitat. Remnant
unchannelized reaches on the South Dakota/Nebraska
border are still somewhat similar to historic conditions,
except for altered hydrographs (Schmulbach et al.
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1975, 1981; Kallemeyn and Novotny 1977, Modde and
Schmulbach 1977).

Macrohabitats are characterized by features such as
velocity, depth, and substrate that are important to fish.
Just as the number and area of macrohabitats have
changed, physical conditions have also changed. For
example, historical river velocities were usually 0.3-0.8
m/s, but downstream from Gavins Point Dam (for
example, Latka et al. 1993) velocities between 0.8 m/s
and 1.3 m/s occur more frequently than they did histor-
ically.

In summary, curtailed river functions include flood-
plain inundation, natural hydrograph and water temper-
ature, sediment and organic matter input and transport,
and instream cover for fishes. These alterations have
caused an estimated loss of 216 million kg of fish pro-
duction annually (Hesse and Sheets 1993). Commercial
fish harvest was reduced 80% (IFMRC 1994), and
about one-fifth of the native species are listed as imper-
iled (Galat et al. 2005).

Missouri River Fishes

Until the most recent list of main channel fishes was
compiled (Galat et al. 2005), only regional lists were
available: 91 species in Missouri reaches (Galat et al.
1996), 77 species in Nebraska-South Dakota reaches
(Hesse 1996), 72 in North Dakota reaches (Mizzi
1994), and 42 in Montana reaches (Berg 1981). The
1,091-km long Yellowstone, a tributary to the Missouri
River and included in our study in part, is the longest
free-flowing river in the contiguous United States
(White and Bramblett 1993). Although introduced
species, water withdrawals, agriculture and energy
developments, and logging continue to threaten the
Yellowstone, it is said to have retained much of the
character it had at the time of the Lewis and Clark
expedition in 1806 (White and Bramblett 1993).

Today there are about 150 fish species known to
occur in the Missouri River basin (Hesse 1996, Galat et
al. 2005). Fifty-four percent are classified as “big
river” species, residing primarily in the main channel,
and 93% of these are fluvial dependent or fluvial spe-
cialists. Populations of 17 species are increasing and
53% of these are introduced. Twenty-three of 24
species, whose populations are decreasing, are native
(Galat et al. 2005). Table 2 shows the species captured
during the conduct of the Benthic Fishes Study, other
than the 26 selected benthic fishes, which were listed in
Table 1. The most important warm-water sport fishes in
the Missouri River are walleye, sauger, yellow perch,
channel catfish, paddlefish, shovelnose sturgeon, and
northern pike. We review here the most comprehensive
studies of mainstem fishes, grouped by zone.

Channelized (CH) Zone

Commercial fishery reports provide the oldest informa-
tion (Funk and Robinson 1974). Over harvesting
caused the decline of some species (e.g., centrarchids)
by the early 1900s and of others (e.g., catfishes, fresh-
water drum) later. Fishes associated with clear water
(e.g., skipjack herring, white bass) increased after
upstream impoundment. Sixty-seven species had been
documented in the Missouri portion of the river by
1983 (Pflieger and Grace 1987). In the Nebraska-lowa
section, 40-57 species were documented during the
1960s and 1970s (Schmulbach et al. 1975, Hesse et al.
1982). Eleven species (e.g., sauger, blue catfish, flat-
head chub) had downward population trends and stur-
geon chub and sicklefin chub were rarely seen (Hesse
et al. 1993, Hesse 1994).

Inter-Reservoir (IR) Zone

In the South Dakota portion, 45 species were found by
seining (Bailey and Allum 1962). Eleven “big river”
species were abundant in the free-flowing river down-
stream from Fort Randall Dam (Kallemeyn and
Novotny 1977). Fish catches decreased from the rela-
tively natural section in South Dakota to the upper
channelized section in lowa (Schmulbach et al. 1975).
Annual monitoring has produced 54 species from the
South Dakota-Nebraska border waters in the 1990s
(Mestl 1999, Wickstrom 1999).

Fish surveys of riverine reaches in North Dakota
were limited prior to 1991. Mizzi (1994) listed 70
species that had been recorded in the mainstem and
collected 42 species by using seines and minnow traps
in major macrohabitats (except main channel) near
Bismarck and Williston, North Dakota. Standardized
annual surveys with multiple gears produced 52 species
downstream from Lake Sakakawea and 36 upstream
(Hendrickson et al. 1995).

Least-Altered (LA) Zone

In Montana, Berg (1981) found 53 species representing
14 families in the Missouri River, including tributaries
and Fort Peck Lake, and 42 species in the main channel
habitats. There are three fishery zones in the
Yellowstone River, progressing from cold water in the
mountains to warm-water at the confluence with the
Missouri River (White and Bramblett 1993). Forty-nine
species are listed in the warm-water zone, which was
included in our study.



METHODS

Standard operating procedures for macrohabitat identi-
fication, fish collection, physical measurements, data
management, and statistical analyses were used
(Sappington et al. 1998).

Fish Sampling

We targeted 26 benthic species for evaluation (Table 1)
and counted and identified other fish species (Table 2).
Criteria for inclusion in the benthic fishes assemblage
were 1) primarily benthic habitat use; 2) important as
native, commercial, recreational, or prey; and 3) pres-
ence in most of the mainstem. The benthic assemblage
comprised representatives of six families:
Acipenseridae (shovelnose and pallid sturgeon),
Cyprinidae or minnows (10 species), Catostomidae or
suckers (six species), Ictaluridae or catfishes (four
species), Gadidae (burbot), Percidae (walleye and
sauger), and Sciaenidae (freshwater drum). The assem-
blage is not meant to be a guild, which is made up of
ecologically similar species. In our benthic fishes
assemblage are species with different body shapes,
mouth placements, swimming abilities, spawning
requirements, and functional designations (e.g., omni-
vore, detritivore, predator, reviewed by Bergstedt et al.
2004). The assemblage includes all benthic fishes listed
“at risk” by basin states.

A brief summary of the appearance, size, and ecolo-
gy of each fish in the benthic fishes assemblage is
included in Volume 1. The summaries were compiled
from Pfleiger (1997), Harlan and Speaker (1987),
Bailey and Allum (1962), Morris et al. (1974), Brown
(1971), and Baxter and Stone (1995).

Fish Identification and Treatment

Fish identification and treatment protocols were spelled
out in SOP 4.1 (Sappington et al. 1998). The identifica-
tion key used by research teams in the lower basin was
Pfleiger (1997), in the middle basin were Page and
Burr (1991), and in the upper basin was Brown (1971).
We were able to identify 97% of the fish to species. We
encountered 1,193 fish that could not be identified in
the field - mostly larval fish, age-O fish, or fish that
were damaged during capture (e.g., crushed among
debris in the trawl). Another 3,770 fish could be identi-
fied only to genus or family (Table Al-1), excluding
specimens of the abundant Hybognathus genus.

The Hybognathus group (western silvery minnow,
plains minnow, brassy minnow) was an exception. Field
identification to species is difficult using external char-
acteristics (Schmidt 1994), so field workers have either
combined samples as Hybognathus spp. (Holton 1990)
or retained all specimens for identification by necropsy.
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The species can usually be determined by examination
of the basoccipital bone (Bailey and Allum 1962,
Loomis 1997). About 90% accuracy can be attained on
larger specimens in the field by using eye diameter, pupil
diameter, and number and size of scale rows across the
belly (Loomis 1997). We used these characteristics to
identify fish to species when possible; otherwise, we
identified them only to genus. We caught 12,523
Hybognathus sp. and identified 374 western silvery
minnows, 57 plains minnows, and 142 brassy minnows.

Voucher specimens of species in our benthic fishes
assemblage (excluding pallid sturgeon) were sent to Dr.
William Pflieger for verification. Of the 461 specimens
submitted, 10 were incorrectly identified (Pflieger et al.
1999). These were juvenile forms of walleye, white
sucker, stonecat, and sicklefin chub. Forty-nine speci-
mens of other fishes were also sent for verification. All
field identities were correct except for two specimens
presumptively identified as ghost shiner (Notropis
buchanani), which were probably spotfin shiner (V.
spiloptera) and bigmouth shiner (N. dorsalis).

Fish were treated following Guidelines for Use of
Fishes in Field Research (AFS 1988) and our SOP 4.2
(Sappington et al. 1998). In general, fish were held in
aerated live wells, weighed and measured (total length)
as soon as possible, and returned alive if not used as a
voucher specimen or for age and growth analysis. We
followed SOP 4.3 when handling the four pallid stur-
geons that were captured (Sappington et al. 1998).

Sampling Gears

To account for the physical diversity of the river, we
sampled three continuous and three discrete macrohabi-
tats (Figure 2, Table 3). Continuous macrohabitats were
repeatable habitat units made up of channel crossovers
(CHXO), inside bends (ISB), and outside bends (OSB),
which we later combined to form the macrohabitat
class termed “BEND”. Discrete macrohabitats were
tributary mouths (TRM), secondary channels connected
(SCC), and secondary channels non-connected (SCN).
The SCNs had little or no flow and were open to the
river at the downstream end. Others have also recog-
nized and studied these and other instream macrohabi-
tat types in the Missouri River (Schmulbach et al.

1981, Cobb et al. 1989, Wilcox 1993, Hesse 1996).
Bends, tributaries, and secondary channels are com-
plex, so we further divided these macrohabitats into
smaller units termed “mesohabitats”.

Mesohabitats of ISBs were sand bars, channel bor-
ders, deep pools, and steep shorelines; there were large
and small TRMs and deep and shallow SCCs. We also
allowed a “wild card” macrohabitat for unusual macro-
habitats (e.g., dam tailraces) that were unique to some
segments.
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Table 2. Mainstem fishes of the Missouri River from Missouri to Montana, including the lower Yellowstone River.

Hybrids are excluded. MT = warm water Montana reaches; YR = warm water lower Yellowstone River; ND =

North Dakota; SD-IA-NE = South Dakota, lowa, and Nebraska to Fort Randall Dam; MO-KS = Missouri to Kansas
reach; BFS = Benthic Fishes Study, 1996-1998 (total catch in all segments). Bold shows the benthic fishes in our study.

SD- MO
Family Common name Scientific name MsT Y4R N3D 1A- - BFS
NE® KS'
Petromyzontidae Chestnut lamprey Ichthyomyzon castaneus X 2
Silver lamprey 1 unicuspis X
Acipenseridae Lake sturgeon Acipenser fulvescens X 5
Shovelnose Scaphirhynchus
sturgeon platorynchus X X X X X 1560
Pallid sturgeon S. albus X X X X X 4
Polyodontidae Paddlefish Polyodon spathula X X X X X 9
Lepisosteidae Shortnose gar Lepisosteus platostomus X X X 614
Longnose gar L. osseus X X 185
Spotted gar L. oculatus 2
Amidae Bowfin Amia calva X 1
Hiodontidae Goldeye Hiodon alosoides X X X X X 4014
Mooneye H. tergisus X
Anguillidae American eel Anguilla rostrata X X
Clupeidae Skipjack herring Alosa chrysochloris X X 10
Alabama shad A. alabamae X
Gizzard shad Dorosoma cepedianum X X 25930
Threadfin shad D. petenense 1
Osmeridae Rainbow smelt Osmerus mordax X X X X 23
Esocidae Northern pike Esox lucius X X X X X 368
Grass pickerel E. americanus vermiculatus 1
Muskellunge E. masquinongy 1
Cyprinidae Common carp Cyprinus carpio X X X X X 3037
Goldfish Carassius auratus X X X X 5
Lake chub Couesius plumbeus X X X 1
Utah chub Gila atraria X
Common shiner Luxilus cornutus X X 2
N. redbelly dace Phoxinus €0S X X X 1
Finescale dace P. neogaeus X X
Grass carp Ctenopharyngodon idella X X 16
Bighead carp Hypophthalmichthys nobilis X 22
Silver carp H. molitrix X
Golden shiner Notemigonus crysoleucas X X X X X 66
Creek chub Semotilus atromaculatus X X X X 67
Pearl dace Margariscus margarita* X X 1
Silver chub Macrhybopsis storeriana X X 423
Gravel chub Erimystax X-punctatus X
Speckled chub Macrhybopsis aestivalis X X 326
Sturgeon chub M. gelida X X X X X 2051
Sicklefin chub M. meeki X X X X X 709
Flathead chub Platygobio gracilis X X X X X 12838
Suckermouth Phenacobius mirabilis X X 10
minnow
Emerald shiner Notropis atherinoides X X X X 20362
Rosyface shiner N. rubellus X
Redfin shiner Lythrurus umbratilis X
Silverband shiner Notropis shumardi X X 2
Striped shiner Luxilus chrysocephalus X
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SD- MO
Family Common name Scientific name MsT Yglf N? 1A- - BFS
NE® ks’
River shiner Notropis blennius X X 876
Bigeye shiner N. boops X 5
Bigmouth shiner N. doralis X X 109
Spottail shiner N. hudsonius X X 493
Spotfin shiner Cyprinella spiloptera X X 1751
Red shiner Cyprinella lutrensis X X 2382
Sand shiner Notropis stramineus X X X X 693
Channel shiner N. wickliffi X
Mimic shiner N. volucellus X 100
Ghost shiner N. buchanani 2
Brassy minnow Hybognathus hankinsoni X X X 142
Western silvery
minnow H. argyritis X X X X X 374
Plains minnow H. placitus X X X X X 57
Bluntnose minnow Pimephales notatus X X X 42
Fathead minnow P. promelas X X X X X 739
Bullhead minnow P, vigilax 11
Central stoneroller Campostoma anomalum X X
Largescale C. oligolepis X 2
stoneroller
Blacknose dace Rhinichthys atratulus X
Longnose dace Rhinichthys cataractae X X 453
Catostomidae Blue sucker Cycleptus elongatus X X X X X 200
Bigmouth buffalo Ichthiobus cyprinellus X X X X X 517
Black buffalo 1 niger X
Smallmouth 1. bubalus X X X X X 485
buffalo
River carpsucker Carpiodes carpio X X X X X 6688
Highfin carpsucker C. velifer X 6
Quillback C. cyprinus X X 1962
White sucker Catostomus commersonii X X X X X 2204
Longnose sucker C. catostomus X X X 4980
Northern hog sucker  Hypentelium nigricans X X1
Golden redhorse Moxostoma erythrurum X 17
Shorthead M. macrolepidotum X X X X X 1200
redhorse
River redhorse M. carinatum 3
Mountain sucker Catostomus platyrhynchus X X X
Ictaluridae Black bullhead Ameiurus melas X X X X X 16
Yellow bullhead A. natalis X X X 6
Channel catfish Ictalurus punctatus X X X X X 5656
Blue catfish L furcatus X X 382
Tadpole madtom Noturus gyrinus X 1
Freckled madtom N. nocturnus X 8
Stonecat N. flavus X X X X X 342
Slender madtom N. exilis 1
Flathead catfish Pylodictis olivaris X X 1456
Salmonidae Lake herring Coregonus artedi 24
Lake whitefish C. clupeaformis 2
Mountain whitefish Prosopium williamsoni X
Brown trout Salmo trutta X X 1
Cutthroat trout Oncorhynchus clarki X
Brook trout Salvelinus fontinalis X
Rainbow trout Oncorhynchus mykiss X X 21

Chinook salmon

O. tshawytscha
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SD- MO
Family Common name Scientific name MsT Y4R N;) IA- - BFS
NE®  ks'
Coho salmon O. kisutch X
Gadidae Burbot Lota lota X X X X X 220
Cyprinodontidae Blackstripe Fundulus notatus X
topminnow
Banded killifish F diaphanus X 4
Plains topminnow FE sciadicus X
Plains killifish F zebrinus* X X
Poeciliidae Western Gambusia affinis X 227
mosquitofish
Variable platyfish Xiphophorus variatus X
Gasterosteidae Brook stickleback Culaea inconstans X X 2
Cottidae Mottled sculpin Cottus bairdi X X X 15
Atherinidae Brook silverside Labidesthes sicculus X 16
Percichthyidae White perch Morone americana X 2
White bass M. chrysops X X X X X 542
Yellow bass M. mississippiensis 6
Striped bass M. saxatilis 21
Centrarchidae Spotted bass Micropterus punctulatus X 58
Smallmouth bass M. dolomieu X X X X X 407
Largemouth bass M. salmoides X X X X X 314
Warmouth Lepomis gulosus X
Pumpkinseed L. gibossus X X X X
Green sunfish L. cyanellus X X X X X 210
Orangespotted L. humilis X X X 127
sunfish
Longear sunfish L. megalotis X 1
Redear sunfish L. microlophus X X
Bluegill L. macrochirus X X X X 671
Rock bass Ambloplites rupestris X X X 22
White crappie Pomoxis annularis X X X X X 1480
Black crappie P, nigromaculatus X X X X X 199
Percidae Walleye Sander vitreum X X X X X 561
Sauger S. canadense X X X X X 614
Slenderhead darter Percina phoxocephala X
Ozark logperch P, caprodes  fulvitaenia X
Logperch P, caprodes 5
Johnny dar Etheostoma nigrum X X X 130
Iowa darter E. exile X X
Yellow perch Perca flavescens X X X X 768
Sciaenidae Freshwater drum Aplodinotus grunniens X X X X X 2770

* Margariscus = Semotilus; F. kansae = F. zebrinus

Galat et al. 1996

Mizzi 1993

Bailey and Allum 1962, Morris et al. 1974, Berry unpublished

White and Bramblett 1993
Berg 1981

N AW N =

Five gears were used to collect fishes. Experimental
gill nets were 30.5 m long x 1.8 m deep with four 7.6-
m panels of 19, 38, 51, and 76-mm mesh. Trammel
nets were 22.9 m long and 1.8 m deep, with a 25-mm
inner mesh and 203-mm outer mesh (bar measure). Bag
seines were 10.7 m long and 1.8 m deep with 5-mm

mesh. The benthic trawl was hung on a rigid frame
with skis. The trawl net was 2-m wide, 0.5-m deep, and
5.5-m long with 3.2-mm inner mesh. Electrofishing
was done with a 5,000-watt generator using pulsed DC
current and 2 netters with 5-mm mesh dip nets. A mini-
mum of two fish collection gears was used in each



FISH DISTRIBUTION AND ABUNDANCE 11

Figure 2. Schematic showing macrohabitats sampled during the Benthic Fishes Study.
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mesohabitat (Table 3). The exceptions were shallow
habitats (i.e., shallow SCCs and ISB sand bars) where
only a seine was used. Data were reported as total catch
and catch per unit effort (C/E), which for trammel net
and trawl was fish/100m, for seine was fish/haul, for
electrofishing was fish/minute, and for gill net was
fish/hour.

Habitat Physical Measurements

Water temperature, velocity, depth, conductivity, turbid-
ity, and substrate composition were measured at sites
where fishes were sampled using standard methods
(Sappington et al. 1998). One or more measurements of
each physical habitat variable was made each time a
gear was deployed to collect fish (trends summarized in
Volume 2, Galat at al. 2001). We tried to limit tempera-
ture influences by sampling only in mid- to late-sum-
mer on the upper ascending limb and upper descending
limb of the water temperature curve. Most samples
were collected at water temperatures between 14 and
26°C, but the range of temperatures where fish were
collected was from 8-32°C. Benefits of sampling in

= = = Thalweg

Inside Bend

Secondary Channel
Connected: Dee

Tributary Mouth

Secondary Channel
Connected: Shallow

mid- to late-summer were: 1) sampling was more effec-
tive after high spring flows decline, and 2) young fish-
es were usually large enough to capture, identify, and
age.

The physical habitat measurements have several
applications, which is why they are traditional stream
habitat measurements (McMahon et al. 1996, Bain and
Stevenson 1999). They show trends in conditions
among segments and among macrohabitats that explain
differences in fish community or population attributes.
Physical measurements can be used to predict fish
habitat suitability and allow future scientists to conduct
fisheries studies under similar conditions.

Study Design

Sampling fishes with both active and passive gears in
six dominant macrohabitats during the summers
allowed us to characterize the fish community in terms
of kinds and number of species in any gear, macrohabi-
tat, river segment or zone. We could determine the C/E
of certain species because we recorded effort when
using each gear. The goal was to compare the C/E of



12 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Table 3. Collection gears and Missouri River habitats. Secondary channels are non-connected (non-con) or

connected (con).

Habitats Fish Collection Gears
Macro- Meso- Seine! Gill net? Electrofish.3 Trawl* Trammel

Secondary channel non-con X X X
Secondary channel con shallow X

deep X X X X
Channel crossover X X
Channel outside bend X X X
Channel inside bends channel border X X

bars X

pools X

steep shoreline X
Tributary mouth small X X

large X X X

lBag seine was 10.7-m-long and 1.8-m-high with 5-mm mesh

2Gill net 30.5-m-long and 1.8-m-high; four 7.6-m-long panels of 19-, 38-, 51-, and 76-mm mesh

3Boat electrofishing with 5,000-watt generator and pulsed DC, two netters with 5-mm mesh dip nets
*Bottom trawl mouth 2-m-wide and 0.5-m-high; net was 5.5-m-long with inner net of 3.2-mm mesh
>Drifted trammel net 22.9-m-long and 1.8-m-deep with 25-mm mesh inner and 203-mm mesh outer wall

the benthic assemblage among zones and segments
throughout the Missouri and lower Yellowstone Rivers.
To meet this goal, we partitioned the river into 15 seg-
ments and grouped the segments into 3 zones.

Zones

Progressing from headwaters to the confluence, we par-
titioned the mainstem into three zones: 1) the least-
altered (LA) zone, which was the Yellowstone and
Missouri upstream from Fort Peck Lake; 2) the inter-
reservoir (IR) zone, which is the free-flowing reaches
downstream from Fort Peck, Garrison, Fort Randall,
and Gavins Point dams; and 3) the channelized (CH)
zone, which is from Sioux City, lowa, to the confluence
with the Mississippi River (Table 4). We also included
the lower 114 kms of the Yellowstone River from its
confluence with the Missouri River as part of the LA
zone. The lower reaches of the Yellowstone are similar
to those in the Missouri River in that both are warmwa-
ter rivers with about the same drainage area (200,000
kmz) and mean annual discharge (300 m3/s) at their
confluence. Cross et al. (1986) showed a close relation-
ship between Yellowstone and upper Missouri River
fish communities. The possibility of differences in river
segments within zones leads to a second level of the
study - the segment scale.

Segments
We partitioned the river into segments (10-100 km
long) based on geomorphic (e.g., tributaries, geology)

and constructed features (e.g., impoundments, channel-
ization, urban areas). A preliminary study design
included 27 river segments, but we sampled 19 in 1996
and then 15 in 1997 and 1998 (Table 4). To aid the
reader in recalling segment location, we use a specific
font code which is - LA segments are underlined
(because the LA zone is “special”), IR segments are
bold (because reservoirs are “full”), and CH segments
are italicized (because flow in the CH zone is “swift”).
Groups of segments were considered representative of
each zone (i.e., Segments 3, 5, and 9 represented the
LA zone).

However, because of the broad spatial scale of
zones, there was the possibility that physical conditions
in each segment might differ within a zone (Galat et al.
2001). Segments in the LA zone were in the Missouri
River (Segments 3, 5) and Yellowstone River (Segment
9), so we tested the assumption that fish catches in
Segments 3 and 5 were similar to catches in Segment 9.
The IR zone Segments 7, 8, and 10 could be influenced
by the considerable discharge from the Yellowstone
River; Segment 15 in the IR zone on the South Dakota-
Nebraska border is downstream from Gavins Point
Dam and thus open to the CH zone. Other segments in
the IR zone (i.e., Segments 12 and 14) are limited
upstream by a dam and downstream by a reservoir. In
the CH zone, segments might be influenced by tribu-
tary inputs or by the presence of large municipalities
(e.g., Kansas City).
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Table 4. List of sections, zones, and segments of the Missouri and Yellowstone Rivers included in the Benthic
Fishes Study, 1995-2000. rm = river mile; rkm = kilometer; * = not sampled in 1997 and 1998. LA = least-altered
zone, IR = inter-reservoir zone, and CH = channelized zone. Segments numbers are written in a standard format
used in all reports from this study: underlined = LA segments, bold = IR segments, and italics = CH segments

Seg. Segment description and length Segment boundaries
Section and zone No. (mi) rm rkm
Missouri headwaters LA 3 Arrow Creek - Birch Creek, 19 1999-1980 3217-3187
4* Birch Creek - Sturgeon Island, 28 1980-1952 3186-3141
5 Sturgeon Island - Beauchamp Coulee, 70 1952-1882 3141-3029
Yellowstone LA 9 Intake diversion - confluence, 71 71-0 114-0
IR 6* Ft Peck Dam - Milk R., 10 1770-1760 2847-2831
7 Milk R.- Wolf Pt, 59 1760-1701 2831-2737
8 Wolf Pt - Yellowstone R., 99 1701-1582 2737-2545
10 Yellowstone R. - L. Sakakawea, 30 1582-1552 2545-2497
12 Garrison Dam - Lake Oahe, 85 1398-1304 2235-2098
14 Ft Randall - Niobrara R., 45 880-835 1416-1343
15 Gavins Pt Dam - Ponca, NE, 57 810-753 1303-1212
CH 17 Big Sioux R. - Little Sioux R., 71 740-669 1191-1077
18%* L. Sioux R. - Platte R., 74 669-595 1076-958
19 Platte R. - Nishnabotna R., 54 595-542 958-872
21* Rulo, NE - St. Joseph, 58 498-440 801-708
22 St. Joseph - Kansas R., 72 440-367 708-591
23 Kansas R. - Grand R., 117 367-250 591-402
25 Glasgow - Osage R., 90 220-130 354-210
27 Missouri R. rm50 - Mississippi R., 50 50-0 80-0
Macrohabitats ed within segments that were the experimental block-
We used stratified random sampling to sample benthic ing. We planned to randomly select five of each macro-
fishes and associated habitat variables. Our strata were habitat within a segment each year. For example, we
the six macrohabitats mentioned above (i.e., ISB, TRM, always had five CHXOs in each segment, so over the
CHXO, OSB, SCC, SCN). Three macrohabitats (TRM, course of the study, 225 CHXOs were sampled (Table
SCC, and SCN) and river bends (which included ISB, 5). However, annual differences in water conditions

CHXO, and OSB macrohabitats) were randomly select- determined the number of mesohabitats (i.e., when
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water was low, there were less ISB pools and more
SCNs than during high-water years). For example,
there were not always five SCNs, so only 109 were
sampled.

Attempting to sample an equal number of macrohab-
itats per segment resulted in a disproportionally large
number of the more rare macrohabitats (e.g., TRMs,
SCNis) relative to their availability. Galat et al. (2001)
provide greater detail about habitat definition and dif-
ferences based on physical and hydrological features.

Hypotheses

Our working hypotheses were formed from literature
that suggested that population status of fishes at risk
within the Missouri River varies geographically.
Healthiest populations of more species are thought to
persist in the LA zone. The section of the Missouri
River where population declines seem to be the greatest
is in the middle Missouri River, especially in reaches
between reservoirs with degraded channels downstream
from reservoirs. In the lower CH zone in Missouri,
populations might be more stable (Pflieger and Grace
1987) than those in the Nebraska section (Hesse et al.
1993). Factors responsible for these longitudinal differ-
ences are not immediately apparent, but may relate to
habitat availability and viability of fish populations.

The SOP manual (Sappington et al. 1998) lists sev-
eral null and alternate statistical hypotheses. For exam-
ple, the following hypothesis is about zonal differences:

Null hypothesis: There is no difference
among zones in the catch of benthic fishes.
Alternate hypothesis: The catch of benthic
fishes is lower in IR and CH zones.

The following hypotheses relate to segment differ-
ences:

Null hypothesis: There is no difference in
fish catch in segments immediately upstream
and downstream from reservoirs.

Alternate hypothesis: The catch of benthic
fishes is different upstream and downstream
from reservoirs.

Null hypothesis: The catch of benthic fishes
is the same among LA zone segments.
Alternate hypothesis: The catch of benthic
fishes differs among LA segments.

Null hypothesis: The catch of benthic fishes
is the same upstream and downstream from
Kansas City.

Alternate hypothesis: The catch of benthic
fishes in higher upstream from Kansas City.

Table 5. Number of segments and macrohabitats where fish were collected and physical habitat measured during the
Benthic Fishes Study of the Missouri River, 1996-1998. Fifteen segments are listed because these are the segments

that were sampled each year.

Macrohabitat
Secondary channel- Secondary channel-
Segment . .
River bend connected non-connected Tributary mouth
3 15 16 1 0
5 15 24 6 0
7 15 20 12 11
8 15 25 16 12
9 15 24 16 3
10 15 15 10 2
12 15 16 12 8
14 15 20 7 12
15 15 25 8 13
17 15 1 0 17
19 15 0 16
22 15 2 4 19
23 15 15 1 17
25 15 25 1 19
27 15 25 15 11
Total 225 259 109 160




Comparing relative fish abundance among segments
was one of the key analytical approaches of this study.
We planned 22 segment contrasts that seemed to relate
to management of the river system (Table 6). The 22
contrasts address four basic questions and relate to
working hypotheses. The first is “Do fish catches differ
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Yellowstone River segments, and the IR zone into
Segment 15 and other segments. Three other contrasts
concerning basic questions relating to working
hypotheses in differences in fish catch were:

above and below the confluence of the

among zones?” Because some segments within zones
were possibly unique, contrasts were planned to parti-
tion the LA zone into its Missouri River and

Yellowstone River?
upstream and downstream of reservoirs?
upstream and downstream of Kansas City?

Table 6. Summary of planned segment contrasts for catch of benthic fishes. For each contrast the question asked
was: is there a statistically significant difference between mean catch-per-unit-effort between or among the segments
groupings? Least-altered (LA) segments are underlined, inter-reservoir (IR) segments are in bold, and channelized
segments (CH) are in italics. MOR = Missouri River, YSR = Yellowstone River; segments are in the Missouri River
unless indicated otherwise.

Contrast
1D

Segments
contrasted

Description of segments grouped and contrast

Upper Missouri River - lower Yellowstone River comparisons

Least-altered MOR vs. ]east-altered lower YSR (MOR LA zone vs. YSR LA

A 3,5vs. 9
zone)
B 3 5vs 7.8 Least-altered MOR vs. inter-reservoir MOR below Fort Peck Dam to YSR
== ’ (MOR LA zone vs. FTP IR zone)
C 9vs.7. 8 Least-altered lower YSR vs. inter-reservoir MOR below Fort Peck Dam to

YSR (YSR LA zone vs. FTP IR zone)

3 zones comparisons

D

3,59,vs. 7,8,10,
12,14,15 vs. 17,19,
22,23,25,27

Least-altered zone segments vs. inter-reservoir zone segments vs. channelized
zone segments (LA zone vs. IR zone vs. CH zone)

Inter-reservoir comparisons

Least-altered above Fort Peck Lake (Sturgeon Island to Beauchamp Coulee) vs.

E Svs. 7 inter-reservoir below Fort Peck Dam to Milk River (AFTP LA zone vs. BFTP
IR zone)
Inter-reservoir MOR below Wolf Point to YSR vs. inter-reservoir MOR

F 8 vs. 10 from YSR to Lake Sakakawea headwaters,
(BWEFP IR zone vs. ASAK IR zone)
Inter-reservoir MOR from YSR to Lake Sakakawea headwaters vs. inter-

G 10 vs. 12 reservoir, Garrison Dam to Lake Oahe headwaters (ASAK IR zone vs. BSAK
IR zone)
Inter-reservoir, Fort Randall Dam - Lewis and Clark Lake headwaters vs.

H 14 vs. 15 inter-reservoir, Gavins Point Dam-Ponca
(AL&C IR zone vs. BL&C IR zone)

I 15vs. 17 Inter-reservoir, Gavins Point Dam-Ponca vs. first channelized river segment,
Big Sioux River-Little Sioux River (BL&C IR zone vs. 1IST CHAN)

Intra-zone comparisons
3.5.vs. 9.vs. 7. 8. Least-al.tered MOR segments V.S. leasF-altered low?r YSR segm?nts vs. inter-
] 1 0’—1 2, 14_1 vs. 15 vs. reservoir segments above Gavins Point Dam vs. inter-reservoir segment

17,19, 22,23, 25,27

below Gavins Point Dam vs. channelized zone segments (MOR LA zone vs.
YSR LA zone vs. IR zone vs. BL&C IR zone vs. CH zone)

Channelized river comparisons

K

17,19, 22 vs. 23,25,
27

Channelized, Big Sioux River to Kansas City vs. channelized , Kansas City to
mouth (AKC CH vs. BKC CH)
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Data Management

Data were recorded on three data sheets - habitat data,
fish field data, and laboratory fish data - as described
in detail in Volume 1. Barcodes on each data sheet
linked the three sheets and facilitated data entry and
management. A collection was defined as a sampling
venture consisting of a unique combination of location,
time, and sampling gear. Data sheets were sent to the
quality control officer and statistician, who managed
data entry into an electronic database and developed a
usable data set based on the reasonableness of each
value (Sappington et al. 2005).

Statistical Analyses

Fish distribution was reported as total catch in each
segment. Relative abundance for each benthic species
was calculated as the proportion of that species in the
total catch of benthic species (x 100). Relative abun-
dance data were used to test for similarities of the ben-
thic fishes assemblage among segments by using
Morisita’s index as follows:

2 5 Xy Xy

[S X2,/N2) + 5 X2, /N2 IN N

CH:

Where: C;; = Simplified Morisita Index of Simplicity
(Horn 1966).

X;

i» Xix = Number of individuals of species i in sample j

and sample k£
N; =2 X;; = Total number of individuals in sample ;
N, = X X;; = Total number of individuals in sample &

The Morisita Index ranges from zero (no similarity)
to slightly greater than one (high similarity).

The C/E data were used for analyses of segment
contrasts, but data were filtered to acquire the most
meaningful biological information from the data. We
used filters to determine which data would be analyzed.
As a coarse filter, we eliminated four species from the
analysis. No analyses were done for pallid sturgeon
since only four fish were collected. Likewise, no analy-
ses were done on Hybognathus spp. (i.e., brassy min-
now, plains minnow, and western silvery minnow) due
to difficulties in identifying these fishes. Also, some
patterns in the data were obvious and did not require
statistics in order to justify their discussion. For exam-
ple, the fact that burbot catches were zero in Segments
17-27 does not require any statistics to conclude that
catches in the LA zone were higher than those in the
CH zone.

For the remaining species, a series of criteria were
applied to the data to provide a consistent decision
process on how to proceed with the statistical analysis

of the data for each species. These criteria were designed
to apply parametric statistics by providing a set of data

that adequately met (or met through transformation) the
assumptions of normality and homogeneity of variance

associated with parametric statistics.

Other filters related to the amount of the catch by
gear, segment, or year. This second set of criteria were:
1. Data for a year, segment, or macrohabitat

were used if one fish of a species was col-
lected in a year, segment, or macrohabitat.
This allowed inclusion of all years, but
excluded SCNs for blue sucker. When a
species was absent, the segment was exclud-
ed from the analysis for that species.

2. Data from a gear were not used if the
catch was <5% of the total catch for that
species. For example, burbot catches were 3,
9, 4, and 0 respectively for seine, trawl,
trammel net, and gillnet; values were <5% of
the total catch of 220 burbot, so these gears
were excluded from analyses of burbot
catches.

3. Data were included if the catch by species
in a year by one gear was >10% of the total
number of fish collected for that species
over all years by that gear.

4. Data were included if catch in a segment
by a gear was >2% of the total number of
fish collected for that species and gear over
all segments.

5. Data were included if the catch in a
macrohabitat by a gear was >5% of the total
number of fish collected for that species and
gear over all macrohabitats.

It is important to reiterate that a low catch eliminat-
ed some data from statistical analysis. Low (no) catch
could have been an indication that the species was lim-
ited by natural factors (i.e., native range) or manmade
changes in habitat in each zone or segment. Less likely
explanations for low catch are 1) because gears were
not deployed correctly (e.g., time, location, depth) or 2)
fish were not present because of seasonal migratory
patterns.

The data that resulted from the application of the
above criteria were used to analyze C/E data for year,
zone, segment, and macrohabitat effects. Our primary
interest was in zone and segment effects. Our study
was limited to summer months and at most the macro-
habitat data are relevant only for that time period. We
assumed that all macrohabitats would be used during
the life of the fish and during all seasons.

Before any statistical analysis could be conducted,
the raw data had to be collapsed to the within year,
within segment, and within macrohabitat levels by



averaging. The structure of data collection in any
macrohabitat was one of multiple gear subsamples
within each of a set of multiple gears that were
deployed within each of a set of multiple mesohabitats
in that macrohabitat.

The varying numbers of subsamples collected at the
gear, mesohabitat, and macrohabitat level necessitated
the use of a hierarchical approach for calculating
means. Averaging was conducted in a hierarchical
order, so that each subsample had the appropriate level
of influence on the resulting means. In this hierarchical
process we first calculated the mean for each gear
deployed within a mesohabitat subsample. The gear
means were then averaged within each mesohabitat
subsample. We then averaged mesohabitat means with-
in each macrohabitat sample to produce a macrohabitat
mean.

After producing the macrohabitat means, ISB, OSB,
and CHXO means were averaged per replicate to pro-
duce a macrohabitat mean for BEND to replace the
three separate means. The averaging of the three BEND
macrohabitats into one mean was necessary because
they were not selected independently of each other (i.e.,
all three were sampled at each bend). It is this final set
of macrohabitat means (i.e., one of each BEND, TRM,
SCC, and SCN) that was used in statistical analyses.

The macrohabitat means for each habitat variable
were then analyzed for constancy and normality of
errors variance using SAS/LAB software as part of
SAS (SAS 1992). The SAS/LAB software tested con-
stancy of variance of residuals from the three-way
analysis of variance (ANOVA) model (i.e., year, seg-
ment, macrohabitat) with two-way and three-way inter-
actions using chi-square goodness of fit test between
predicted and residual values. The SAS/LAB software
suggested transformations as necessary to obtain con-
stant variance.

Analysis of variance was used to test for differences
in the response variable (i.e., C/E) among independent
variables (e.g., zone, segment) at alpha = 0.05
(Bonferroni-adjusted alphas were used for multiple
comparisons). A usual result was that catches from
only one or two gears were sufficient for analysis. For
each gear, as many as three ANOVAs were performed
that combined different levels of year, segment, and
macrohabitat data based on which factor was the pri-
mary focus. A macrohabitat was excluded if it was not
sampled in a segment of interest in order to preserve
that segment data for analyses.
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Various levels of analyses were done based on the
number of zero catch values and whether or not nor-
mality and homogeneity of variance assumptions could
be met. One analysis level was termed “replicate” when
there were limited zeros for macrohabitat replicates
(this level provided the highest N). The second analysis
level was termed “macrohabitats” when zeros forced us
to average macrohabitat replicates, thus loosing power
(N). We used results from the ANOVA that provided
the most information based on the number of segments,
macrohabitats, and years included in the analysis.

Segments were combined to make a series of
planned contrasts (Table 6). The segment contrasts
were planned to address questions that were determined
to be most important. Examples are: differences among
the LA zone segments (Contrasts A, B, C in Table 6),
differences among zones (contrasts D, J), differences
among the IR zone segments (contrasts E, F, G, H, 1),
and differences among the CH zone segments up and
downstream from Kansas City.

Other analyses were used to investigate the associa-
tion between catch and physical habitat category (e.g.,
depth, velocity, substrate). The relation between total
catch over all years to categories of each physical habi-
tat variable was presented as a bar chart, as was done
for each individual year in annual reports (Dieterman et
al. 1997, Young et al. 1998). Following Wildhaber et al.
(2000) data were also analyzed using one-way ANOVA
of presence/absence as the independent variable. We
then used stepwise multiple logistic regression without
year, segment, and macrohabitat main effects to deter-
mine which habitat variables were related to fish pres-
ence. We relied on R2 values to show the value of the
model, but also report AIC values for the intercept only
and full models. Finally, we calculated correlations
between habitat covariates (e.g., velocity and percent
silt). To summarize the fish-habitat association infor-
mation, we used ordination methods in CANOCO (ter
Braak 1998). We used partial canonical correspondence
analysis (PCCA) of species with segments and macro-
habitats, and canonical correspondence analysis (CCA)
of species with transformed environmental variables.
We also show correlation plots of transformed environ-
mental variables with macrohabitat and segment PCCA
ordination results.
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RESULTS
We caught 134,163 fish over the three years of the
study (Table A1-2). This total includes all specimens of
1) benthic fishes species, 2) other fishes collected, 3)
hybrids, 4) specimens identified only to family or
genus, 5) unidentified larvae and young-of-the-year,
and 6) all fish captured in Segments 4, 6, /8, and 2/
that were only sampled in 1996. Total catch by year
was as follows:

Year of study (Appendix Table) Total catch

1996 (Table A1-3) 27,443
1997 (Table Al1-4) 56,186
1998 (Table A1-5) 50,534

The increased catch after 1996 was due to a change
in SOPs that produced more effort with seines, elec-
trofishing, and gill netting.

Mainstem Missouri River Fish Community

We identified 113,997 fishes of 106 species (Table 7).
Twelve species that had not been reported for the main-
stem Missouri River were:

threadfin shad
river redhorse
yellow bass
muskellunge

grass pickerel
slender madtom
logperch
striped bass

spotted gar
bullhead minnow
Chinook salmon
lake whitefish

These species may have been found by others, but
were not included in the overview publications that we
reviewed (Table 2). On the other hand, 30 species have
been reported by others that were not captured during
our survey (Table 2):

Family Species not collected in 1996-1998
Petromyzontidae: silver lamprey
Hiodontidae: mooneye
Anguillidae: American eel
Clupeidae: Alabama shad
Cyprinidae: Utah chub, finescale dace, silver
chub, gravel chub, rosyface shiner,
redfin shiner, striped shiner,
silver carp, channel shiner,
central stoneroller, blacknose dace
Catostomidae:  black buffalo, mountain sucker
Salmonidae: cutthroat trout, brook trout,

coho salmon, Mt. whitefish
Cyprinodontidae: blackstripe topminnow,
plains killifish, plains topminnow

Centrarchidae:  warmouth, pumpkinseed sunfish,
redear sunfish
Percidae: slenderhead darter, lowa darter,

Ozark logperch

Species Presence and Distribution
We sampled fish in the same 15 study segments each
year of the study (Table 7). Number of species general-
ly increased in the downstream direction (Figure 3A).
Total catch was lowest in IR segments 7, 8, and 10, and
highest in LA segment 9 and CH segments /5 and 27
(Figure 3B). Trends apparent in this figure are support-
ed by other data, but it is inappropriate to use total
catch numbers to compare segments and zones because
there were differences among segments in the number
of macrohabitats sampled, except BENDS (Table 5). In
Segments 15 and 27, catches of gizzard shad and emer-
ald shiner accounted for about half of the total catch.
Here we present results in three categories: 1) 26
species in the benthic assemblage, 2) 16 non-indige-
nous species (includes common carp), and 3) 65 other
species.

Benthic Fishes Assemblage

We caught 77,196 identifiable benthic fishes represent-
ing all species of the assemblage that was the focus of
our investigation (Table 8). Total catch of benthic fishes
(Figure 4) was highest in LA Segments 5 and 9 and
generally lower in most IR segments (except Segment
15) than in other segments. Total catch declined
between Segments 15 and /7 and then gradually
increased downriver. Sampling effort was the same in
each segment for BENDS but not for other macrohabi-
tats, so total catch data show only general trends.
Thirteen species had wide distributions that were
important to our experimental design for river-wide
comparisons. Certain zone and segment contrasts were
possible with other species that had lower total catch or
were not as widely distributed.

Relative abundance (Table 9) was highest for emer-
ald shiner (24.6% of benthic fishes assemblage), fol-
lowed by flathead chub (13.3%), river carp sucker
(9.4%) and channel catfish (9%). The proportion of
each species was dissimilar among zones (Figure 5A).
The assemblages in the LA and CH zones were similar
among segments (Morisita’s Index about 0.75) whereas
the assemblages in the IR zone segments were dissimi-
lar (Morisita’s Index = 0.3). The range of Morisita’s
Indices was much wider in the IR zone, with Segment
12 indicating that the assemblage there was unlike that
in other segments (Figure 5B).

We caught the three species that are considered rare
(Galat et al. 2005): four endangered pallid sturgeon,
2,044 sturgeon chubs, and 704 sicklefin chubs. Each
was found in all three zones. Of the eight benthic
species categorized as prey species, the highest total
catch was for the emerald shiner, which made up 24.6
% of benthic assemblage and 15% of all fishes sam-
pled (Table A1-6), followed by river carpsucker (9.4%
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Figure 3. Catch of identifiable fishes collected at 15 warm-water, riverine segments of the Missouri River from
Montana (Segment 3) to Missouri (Segment 27) in three zones. A. Number of species. B. Total number of fishes
caught.
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Figure 4. Total catch of 26 species of benthic fishes by segment. Segments 3, 5, and 9 are least-altered segments;
Segments 7, 8, 10-15 are inter-reservoir segments; and Segments /7-27 are channelized segments.
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Figure 5. Mean and 95% confidence interval for Morisita’s index values for comparisons of the fish assemblage
across zones (A) and segments (B) of the Missouri River. Higher mean indicates a more similar assemblage. The
matrix table of Morisita values is appendix Table A1-9.
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of benthic assemblage, 5% of fish community), and
white sucker (6% of benthic assemblage). The group of
Hybognathus minnow was also abundant (10.7% of
benthic fishes).Other prey species (shorthead redhorse,
fathead minnow, sand shiner, and stonecat) made up
less than 1% of the catch each.

The seven recreational species in the benthic fishes
assemblage group were common and widely distrib-
uted, except for the blue catfish, which was found only
in five segments of the CH zone, and the burbot, which
was not collected in the CH zone. Total catch of chan-
nel catfish was 5501 fish, compared to the total catch
of 1270 flathead catfish. The catch of walleye (n =
557) and sauger (n = 596) was about the same.
Freshwater drum (n = 2732) were found in all seg-
ments, except Segment 12, and made up about 2% of
the total catch of 106 species.

Gear Selectivity

Gear selectivity, defined as > 50% of the total catch by
species, was obvious for certain species (Tables 10,
11). The bag seine accounted for about 50% of collect-
ed benthic fishes, whereas electrofishing accounted for
about 37% (Table 10). The bag seine caught >71% of
five species (e.g., flathead chub), whereas electrofish-
ing caught >55% of six species (e.g., bigmouth buffa-
lo). Together, these two gears produced >56% of the
catch of nine species. Other gears were important in
adequately sampling certain species. For example, the
benthic trawl captured most of the blue catfish,
stonecats, sicklefin chubs, and sturgeon chubs (Table
11). The drifting trammel net captured more shovelnose
sturgeon than did all other gears combined. Also, about
47% of the blue suckers were caught in drifting tram-
mel nets and 79% were caught in two gears (trammel
nets, electrofishing).

Data on the catch of all species combined by gear
type has little biological meaning, but are presented in
Table 11 to illustrate some problems of statistical com-
parison of C/E among segments. Most fish were caught
in the seine and by electrofishing, so data from these
gears met analysis criteria often. When ISBs, OSBs,
and CHXOs were combined to the variable “BEND”
the segment catch criterion (>2%) was often met so
BEND was usually included in an ANOVA for segment
contrasts. In other cases, only the catch from one
macrohabitat met the >5% total catch criterion for a
particular gear type. For segments, many zero catches
or catches that did not meet the >2% criterion eliminat-
ed some segments from the analysis. We always stipu-
late the gear, segment, and macrohabitat included in the
ANOVA.

Following for each species are results of distribution,
total catch, C/E by gear and macrohabitat, zone and
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segment contrasts of mean C/E, and physical habitat
associations with total catch and fish presence and
absence. The results for the blue catfish include a
lengthy presentation about how the data were filtered
for statistical analysis and a lengthy table of all results.
For other species, we present only a summary table of
significant results and include the lengthy ANOVA
table in the Appendix.

Blue Catfish

Blue catfish ranged into the 850-900-mm size class
(Figure 6). Total length of most fish in the sample was
<150 mm. All fish were found in CH Segments /9-27
where C/E was highest in ISB and SCC macrohabitats
with minor catches in all other macrohabitats (Table
12, Figure 7). For each benthic species, we provide the
mean C/E data (Table 12) and show C/E as a bar chart
for each macrohabitat (e.g., SCC), gear type (e.g., BT,
benthic trawl), and segment (Figure 7). There were
many zeros in the data, which are shown by open
squares on each Figure (i.e., Figure 7 and other similar
figures). We include either the tabled data or the bar
chart in the results section depending on which
enhances readability and understanding of the results;
but for each species, the companion table or chart is in
Appendix 2.

In the bar charts, we were usually able to report C/E
on a scale of C/E < 1.0 on the y-axis. However, some
species were caught at C/E > 1.0 in some gears, and we
have adjusted the scale of the y-axis to accommodate,
so some figures have mixed scales among the macro-
habitat charts. For example, Figure 7 shows that all
blue catfish were captured in the CH zone. The C/E
data for blue catfish shows C/E values <1 (unit
depends on gear) for TRM and other macrohabitats
except SCCs where the C/E was >1.0 fish/haul for the
seine. Seines and the benthic trawl were effective gears.
More sampling gears contributed to the total catch in
ISB and SCC macrohabitats than in other macrohabi-
tats (Figure 7).

Using criteria applied to the capture data for each
species (see Methods), we conducted statistical analy-
ses (ANOVA) of segment effects and analyzed con-
trasts among groups of segments that were standard
throughout the study. For the blue catfish, there was
one instance of significant year effects (Table 13), but
we do not discuss influences of year on the catch of
any species. However, the results for year are in
Appendix 3 for each species.

There was one significant macrohabitat effect
(ANOVA 3, P = 0.005) among the three ANOVAs for
the trawl data (Table 13). We were not primarily inter-
ested in macrohabitat effects since we assumed that
most fish use one habitat or another depending on size
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Table 10. Total catch of benthic fishes in each of five gear types used over three years, 1996-1998, in 15 segments of the
Missouri River.

Sampling gear

Common name Scientific name o ) 3 4 5
Seine’ Trawl® Trammel Gill net” Electro.
Bigmouth buffalo Ictiobus cyprinellus 167 1 0 13 331
Blue catfish Ictalurus furcatus 43 229 13 30 67
Blue sucker Cycleptus elongatus 1 10 90 30 62
Burbot Lota lota 3 9 4 0 204
Channel catfish Ictalurus punctatus 1690 1387 296 761 1338
Common carp Cyprinus carpio 326 13 51 253 2322
Emerald shiner Notropis atherinoides 5835 16 0 0 14126
Flathead chub Platygobio gracilis 10632 112 78 0 1876
Flathead catfish Pylodictus olivaris 0 11 2 25 1236
Fathead minnow Pimephales promelas 532 0 0 0 202
Freshwater drum Aplodinotus grunniens 820 553 1 92 1266
Pallid sturgeon Scaphirhynchus albus 0 2 2 0 0
River carpsucker Carpiodes carpio 4761 12 54 508 1281
Sand shiner Notropis stramineus 639 2 0 0 49
Sauger Sander canadense 47 15 55 100 365
Sicklefin chub Macrhybopsis meeki 20 684 0 0 0
Shorthead redhorse Mox. macrolepidotum 264 7 114 80 689
Shovel. sturgeon Scaph. platorynchus 4 152 973 355 8
Smallmouth buffalo Ictiobus bubalus 131 1 23 98 216
Stonecat Noturus flavus 9 261 5 3 63
Sturgeon chub Macrhybopsis gelida 98 1939 0 0 7
Walleye Sander vitreum 78 3 11 153 308
White sucker Catostomus commersonii 2001 9 14 13 106
Hybo. minnows Hybognathus spp. 10456 18 0 0 2050
W. silvery minnow H. argyritis 339 5 0 0 30
Plains minnow H. placitus 52 1 0 0 4
Brassy minnow H. hankinsoni 84 1 0 0 57
Total 39032 5453 1786 2514 28263
Percent  50.7 7.1 2.3 3.3 36.7

'Bag seine used in ISB-bars, SCC, and SCN
’Benthic trawl used in ISB-border, CHXO, OSB, TRB-deep, SCC-deep

*Drifting trammel net used in ISB-border, CHXO, TRB-deep, SCC-deep
4Gill net used in ISB-pools, TRB-small, SCN
5 Electrofishing used in ISB-border, CHXO, TRB, SCN, SCC-deep
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Table 11. List of gears showing selectivity (>50% of catch) for species in the benthic fishes assemblage. Percent of

total for that species is in parenthesis.

Seine Trawl Trammel Electrofishing Electroﬁshmg &
Seining
Flathead chub (84%)  Blue catfish (60%)  Shovelnose sturgeon Smallmouth Bigmouth buffalo
Sand shiner (92%) Sicklefin chub (64%) buffalo (96%)
Hybo. minnows (97%) Blue sucker' (47%) (64%) Channel catfish’
(83%) Stonecat Burbot (56%)
River carpsucker (76%) (93%) Emerald shiner
(71%) Sturgeon chub Sauger’ (99%)
White sucker (93%) (95%) (62%) Fathead minnow
Fathead minnow Walleye® (100%)
(73%) (55%) Freshwater drum
Common carp (76%)
(79%) River carpsucker
Flathead catfish (91%)
(97%) Shorthead redhorse
Shorthead redhorse (82%)
(60%) Smallmouth buffalo
(72%)
Hybo. minnows
(99%)

" For the blue sucker, the trammel net and electrofishing gears accounted for 79% of the catch.
? The channel catfish were caught in substantial numbers in all gears; the least productive was the drifting trammel

net that produced only 5% of the catch.

? Sauger and walleye were caught in all gears, but the combination of electrofishing and gill netting produced 79%

of the sauger and 83% of the walleye.

of fish, collection time of day or month, river discharge
or other conditions. We do not discuss ANOVA results
relating to macrohabitat effects, but results are in
Appendix 3 for each species.

Segment comparisons were a main focus of our
research, so the results of segment contrasts are pre-
sented in detail. For some species (i.e., bigmouth buffa-
lo, burbot, sand shiner, white sucker, pallid sturgeon)
total catches were inadequate for statistical analysis of
catch among segments. For the 18 species with total
catches that allowed ANOVA, there were no significant
segment effects for five species (blue catfish, fathead
minnow, stonecat, smallmouth buffalo, walleye). We
include the full ANOVA results for these species in the
Appendix 3 as shown in Table 13 for the blue catfish.

Below we list reasons for excluding certain analyses
of the blue catfish data. No statistical analyses were
done:

In Segments 3-/7 because no fish were caught.

For drifting trammel net catch because <5% of the
total catch was caught in drifting trammel nets.

For electrofishing; although 17% of the total catch
was by electrofishing, there was inadequate catch in

certain segments and macrohabitats.

For beach seine catch; although 11% of the total
catch was in beach seines, there was inadequate catch
in certain segments (e.g., 19) and macrohabitats (e.g.,
SCN in all segments).

For stationary gill nets; although 8% of the total
catch was in gill nets, there was inadequate catch in
certain segments and macrohabitats.

For benthic trawl in Segment /9 because no fish

were caught, and Segment 22 because no SCCs or

TRMs were sampled.

For replicate benthic trawl data at the macrohabitat
level in Segments 23, 25, and 27 because the number
of zeros, normality, and consistency of variance test
showed significant assumption violations at the repli-
cate level.

For the blue catfish, analyses of C/E data were pos-
sible for the benthic trawl data for all years (Table 13).
One ANOVA was done at the macrohabitat level (N =
18) using data for three Segments (23, 25, and 27), and
BEND and SCC data. The second ANOVA was done at
the replicate level (N = 59) using three Segments (22,
23, 25) and BEND and TRM data. A third analysis was
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Table 12. Blue catfish catch per effort in Segments 3-27 in the Missouri River, where five gears were used to
collect fish in six macrohabitats. DTN = drifting trammel net (fish/100 m), BT = benthic trawl (fish/100 m),
BS = benthic seine (fish/haul), EF = electrofishing (fish/min), SGND = stationary gill net (fish/hr), CHXO =
channel crossover, ISB = inside bend, OSB = outside bend, SCC = secondary channel connected, SCN =
secondary channel not connected, TRM = tributary mouth. Segments 3, 5, and 9 are least-altered segments;
Segments 7, 8, 10-15 are inter-reservoir segments; and Segments /7-27 are channelized segments.

Gear and Missouri River segment
macrohabitat 3 5 7 8 9 10 12 14 15 17 19 22 23 25 27
BT CHXO 0o 0 0 0 0 0 0 0 O 0 0.013 0.022 0.071 0.022
BT ISB 0o 0 0 0 0 0 0 0 O 0 0.597 0.507 0.711 0.202
BT OSB 0o 0 0 0 0 0 0 0 O 0 0 0.023 0 0.089
BT SCC 0o 0 0 0 0 0 0 0 O 0 0.420 1.085 0.898
BT SCN
BT TRM 0 0 0.628 0.317 0.204
DTN CHXO 0 0 0 0 o0 O 0 O 0 O 0 0 0 0 0
DTN ISB 0o 0 0 0 0O 0 0 0 0 O 0 0.046 0.044 0.030 0.059
DTN OSB 0o 0 0 0 0 0 0 0 0 O 0 0 0 0.000 0
DTN SCC 0o 0 0 0 0 0 0 0 O 0 0 0
DTN SCN
DTN TRM 0 0 0 0 0 0 0
BS CHXO
BS ISB 0 0 0 0 0 0 0 0 0 O 0 0.194 0 0.567 0.078
BS OSB 0o 0 0 0 0 0 0 0 O 0 0
BS SCC 0 0 0 0 0 0 0 0 O 0 1.250 0.162 0.056 0.033
BS SCN 0 0 0 0 0 0 0 0 O 0 0 0 0
BS TRM 0 0
EF CHXO
EF ISB 0 0 0 0 O 0 0 O 0 0 0.036 0.023 0.038
EF OSB 0 0.018 0.013 0.030
EF SCC 0 0 0 0 0 0 0 0 0 O 0 0.015 0.015 0.044
EF SCN 0o 0 0 0 0 0 0 O 0 0
EF TRM 0 0 0 0 0 0 o0 0 0.005 0 0.008 0
SGND CHXO
SGND ISB 0 0 0 0 0 0.002 0.025 0.007 0.027 0.018
SGND OSB
SGND SCC
SGND SCN 0 0 0 0 0 0 0 0 O 0 0 0 0.048
SGND TRM 0 0 0 0 0 0 0 0 0.002 0 0.005

done for replicate benthic trawl C/E in two Segments
(23, 25) and three macrohabitats (BEND, SCC, TRM).
We discuss the most robust analysis emphasizing the
most segments, but also considering the most years and
macrohabitats. For the blue catfish, the focus is on
ANOVAs 1 and 2 (Table 13). Segment effects were
insignificant for both ANOVAs; no segment contrasts
were possible for ANOVA 1 but one was possible for
ANOVA 2. For ANOVA 2, there were significant year
effects (P = 0.003), but segment effects (P = 0.38) and
macrohabitat effects (P = 0.2) were insignificant.

None of the planned segment contrasts were possible

in ANOVA 2, except for the result contrasting the ben-
thic trawl C/E of blue catfish up- and downstream from
Kansas City. There was no difference (P = 0.179) in the
trawl C/E up- and downstream from Kansas City.
However, upstream Segments /7 and /9 were not
included in the analysis because they did not meet the
criteria for analysis (only one fish was caught).

Five contrasts between macrohabitats were possible
in ANOVAs 1, 2, and 3 (see last rows in Table 13).
Only one (ANOVA 3) indicated a significant difference
(P =0.002) in trawl C/E of blue catfish between BEND
and TRM in Segments 23 and 25. However, there was
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Table 13. Analysis of variance (ANOVA) probabilities with F-values in parentheses for blue catfish collected by
multiple sampling gears from the Missouri and lower Yellowstone Rivers. Multiple ANOVAs reflect differences in
analysis level, segments, and macrohabitats included in the analyses. See Statistical Analyses in Methods for
explanation of analysis levels. A blank cell indicates no contrast was possible. Segments listed under the Statistic
column represent planned contrasts, whereas those under the ANOVA columns were included in the analysis.
Insufficient data were present in planned segment contrasts that were not analyzed. Contrasts marginally significant
at 0.1 and significant at 0.05 based on a Bonferroni-adjusted alpha are indicated bymand * respectively. Segments
in the least-altered zone are above the six Corps of Engineers’ mainstem reservoirs and are identified by underlining.
Inter-reservoir segments are between or below the mainstem reservoirs and are identified in bold font. Segments in

the channelized portion of the lower Missouri River are in italic font. Segments are in the Missouri River unless
indicated otherwise. MOR = Missouri River, YSR = Yellowstone River, KC = Kansas City.

Statistic Benthic Trawl

ANOVA 1 ANOVA 2 ANOVA 3
Analysis level Macrohabitat Replicate Replicate
N1 8 59 66
Years 1996-1998 1996-1998 1996-1998
Segments 23-27 22-25 23 and 25
Macrohabitats BEND, SCC BEND, TRM BEND, SCC,

TRM

Year 0.232 (2.15) 0.003 (6.76) 0.659 (0.42)
Segment 0.688 (0.41) 0.382 (0.98) 0.678 (0.17)
Macrohabitat 0.138 (3.42) 0.268 (1.26) 0.005 (5.82)
Year/segment interaction 0.349 (1.51) 0.546 (0.78) 0.910 (0.09)
Year/macrohabitat interaction 0.215 (2.32) 0.009 (5.21) 0.377 (1.08)
Segment/macrohabitat interaction 0.738 (0.33) 0.203 (1.65) 0.556 (0.59)
Year
Bonferroni-adjusted alpha 0.033 (0.1)™ 0.033 (0.1)™ 0.033 (0.1)™
(experiment-wise alpha) 0.017 (0.05)* 0.017 (0.05)* 0.017 (0.05)*
1996 vs. 1997 0.127 0.215 0.844
1996 vs. 1998 0.177 0.0008* 0.541
1997 vs. 1998 0.789 0.019™ 0.379
Segment
Bonferroni-adjusted alpha 0.1 (0.nH™
(experiment-wise alpha) 0.05 (0.05)*

Missouri —Yellowstone Rivers

Least-altered MOR vs. least-altered YSR
(3,5vs. 99 MOR_LA_VS_YSR_LA

Least-altered lower YSR vs. inter-reservoir MOR below Ft
Peck Dam to YSR
(9vs.7,8) FTP_IR_VS_YSR_LA

Least-altered MOR segments vs. inter-reservoir MOR
segments below Ft Peck Dam to YSR
(3,5vs.7,8 MOR_LA_VS_FTP_IR

3-Zones

Least-altered vs. inter-reservoir
(3,5,9vs.7,8,10,12, 14, 15) LA_VS_IR

Least-altered vs. channelized
(3,5,9vs. 17,19, 22,23,25,27) LA_VS_CH

Inter-reservoir vs. channelized (7, 8, 10, 12, 14, 15 vs. 17,
19,22,23,25 27)IR_VS_CH

S-zones
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Statistic

Benthic Trawl

Least-altered MOR vs. least-altered YSR
(3,5vs. 99 MOR_LA VS YSR LA

Inter-reservoir MOR below Fort Peck Dam to YSR vs.
Inter-reservoir MOR from YSR to Lake Sakakawea
headwaters

(8 vs. 10) BWFP_IR-VS-ASAK IR

Least-altered MOR segments vs. inter-reservoir segments
above Gavins Point Dam (3, 5 vs. 7, 8, 10, 12, 14)
MOR_LA VS IR_ W/O_BL&C

Least-altered MOR segments vs. inter-reservoir segment
below Gavins Point Dam
(3,5 vs.15) MOR_LA_VS BL&C_IR

Least-altered MOR segments vs. channelized zone segments
(3,5vs. 17-27) MOR_LA_VS_CH

Least-altered lower YSR vs. inter-reservoir segments
above Gavins Point Dam
(9vs.7,8,10,12,14) YSR_LA VS IR W/O_BL&C

Least-altered lower YSR vs. inter-reservoir segment below
Gavins Point Dam
(9vs.15) YSR_LA VS BL&C_IR

Least-altered lower YSR vs. channelized zone segments (9
vs. 17-27) YSR_LA VS CH

Inter-reservoir segments above Gavins Point Dam vs.
inter-reservoir segment below Gavins Point Dam (7, 8, 10,
12,14 vs. 15) IR_W/O BL&C VS BL&C IR

Inter-reservoir segments above Gavins Point Dam vs.
channelized zone segments (7, 8, 10, 12, 14 vs. /7-27)
IR_ W/O BL&C_ VS CH

Inter-reservoir segment below Gavins Point Dam vs.
channelized zone segments (15 vs. 17-27)
BL&C_IR_VS_CH

Reservoir related

Least-altered segment above Ft. Peck Lake vs. inter-
reservoir segment below Ft. Peck Dam
(5vs.7) AFTP_LA_VS_BFTP_RI

Inter-reservoir MOR from YSR to L. Sakakawea
headwaters vs. inter-reservoir Garrison Dam to Lake Oahe

headwaters
(10 vs. 12) ASAK IR _VS BSAK IR

Inter-reservoir between Ft. Randall Dam and Lewis and
Clark Lake headwaters vs. inter-reservoir below Gavins
Point Dam

(14 vs. 15) AL&C_IR_VS BL&C IR

Inter-reservoir segment below Gavins Point Dam vs. first
channelized river segment
(15 vs. 17) BL&C_IR VS 1°' CHAN

Channelized river

Channelized above KC vs. channelized below KC (77, 19,

0.179
22vs.23,25,2
AKC_CH_VS 71)3KC CH 22vs. 23,25
Macrohabitat
Bonferroni-adjusted alpha 0.1 (0.D)" 0.033 (0.)™ 0.033 (0.1)™
(experiment-wise alpha) 0.05 (0.05)* 0.017 (0.05)* 0.017 (0.05)*
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Statistic

Benthic Trawl

BEND vs. SCC

0.138 0.045

BEND vs. SCN

BEND vs. TRM

0.268 0.002*

SCC vs. SCN

SCC vs. TRM

0.064

SCN vs. TRM

Table 14. Means of trawl catch (fish/100m) of blue catfish and list of possible segment contrasts from the 22
planned contrasts shown in Table 13 for C/E for the blue catfish. LA = least-altered zone, IR = inter-reservoir zone,
CH = channelized zone, AKC = above Kansas City, BKC = below Kansas City.

Trawl
General Contrast Segment contrast P value

Means
Among LA
LA vs. IR and CH
Among IR
IR vs. CH

P=0.179

Among CH AKC vs. BKC 22vs. 23,25 0.26, 0.20

no difference (P = 0.268) in C/E between BEND and
TRM when the C/E from Segment 22 was added
(ANOVA 2).

We shortened the presentation of results for other
species in a summary table of the significant segment
contrast results from the large ANOVA table of all pos-
sible contrasts (e.g., Table 13) for the most robust
ANOVA. Results from all ANOVAs for all species and
all gears are shown in Appendix 3. The summary table
for blue catfish (Table 14) lists five general contrasts
that were planned for river segments, and then shows
specific segment contrasts by gear and mean catch. If
no segment contrasts are listed, then none were signifi-
cant for that general contrast category. We list results
from the fishing method(s) that produced C/E data that
was sufficient for statistical contrasts. For the blue cat-
fish (Table 14), the only possible contrast was among
three CH segments (22 vs. 23, 25) with adequate catch
in the benthic trawl. However, there was no statistical
difference in C/E among segments above (AKC, 0.26
fish/100 m) and below Kansas City (BKC, 0.2 fish/100
m) (P =0.179). As pointed out above, the low catch in
Segments /7 and 19 caused these segments to be
excluded from the analysis, so there is probably a trend
of lower blue catfish density above Kansas City com-
pared to below Kansas City. This is a situation where
the trend is obvious without the need for statistical
analysis.

To report habitat analysis results, the association of
each species with physical habitat conditions across all

years is presented as bar charts of the cumulative total
catch for all gears in various categories of physical and
water quality conditions (Figure 8). Similar figures
have been presented by year for the first two years of
the study (Dieterman et al. 1997, Young et al. 1998).
General information on habitat associations of the blue
catfish become apparent when the catch by depth data
are combined with other figures for total catch in vari-
ous classes of velocity, turbidity, temperature, and sub-
strate type (Figure 8).

Blue catfish were caught by seining and electrofish-
ing at depths <1 m, but the highest total catch was by
trawling at depths from 1 to 5 meters (Figure 8A). Total
catch of blue catfish was highest between 24 and 30°C
(Figure 8D), and at turbidity measurements between
100-500 NTU (Figure 8C). Most blue catfish were
caught in four velocity categories (0.0-0.2, 0.2-0.4, 0.4-
0.6, and 0.6-0.8 m/sec, Figure 8B) over sandy substrate
with some silt (Figure 8E). These macrohabitat and
physical habitat associations represent seasonal (sum-
mer—early fall) habitat associations and not year-round
life requisites, because blue catfish migrate upstream in
the spring to spawn in tributaries where they build a
nest cavity, and move downstream in the fall to winter
in deep pools with warmer water than in other macro-
habitats (Graham 1999).

To analyze fish associations with habitat in further
detail, we used one-way ANOVA to compare mean
habitat conditions at sites where blue catfish were pres-
ent with habitat conditions where blue catfish were
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Figure 8. Total catch of blue catfish over three years (1996-1998) in association with depth (A), velocity (B),
turbidity (C), temperature (D), and percent of catch over four substrates (E).
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absent (Table 15). One-way ANOVA indicated that
where blue catfish were present, eight of the nine phys-
ical habitat variables were significantly different than at
locations where blue catfish were absent. For example,
velocity was higher (0.473 m/sec) at sites where fish
were present than at sites there they were absent (0.190
m/sec). Depth was greater (2.6 m) at presence sites
than at absence sites (1.3 m) and so forth. The propor-
tion of gravel, sand, and silt was different (P < 0.0001)
between blue catfish presence and absence sites. Blue
catfish were present where there was more sand (46%
vs. 23% at absence sites), and gravel (3% vs. <1% at
absence sites), and less silt (40% vs. 72% at absence
sites) than at absence sites. These data are summarized
for all species in Table 16 and the details of the one-
way ANOVA for each species is included in
Appendices A4-1 through A4-6.

Stepwise logistic regression results (Table 15) indi-
cated that the likelihood of presence of blue catfish
increased with increased water velocity (P = 0.002),
depth (P < 0.0009), and temperature (P < 0.0001) and
decreased with conductivity (P = 0.016), thus affirming
results from the ANOVA. The logistic regression R2
(0.34) was the second highest in this study (Table 16)
and indicated that 34% of the variance in presence was
explained by the model including velocity, depth, tem-
perature and conductivity. The “intercept only” model
had an AIC = 278 whereas the full model had an AIC =
204, a 27% decline in AIC value that roughly approxi-
mates the R2 value (i.e., 34%). Because our models
usually have few (<5) parameters, we will comment
only on the R2 values, but AIC and concordance values
can be found in the tables in Appendix A4. A summary
of the regression R2 for each species are included in
Table 16, and mean habitat values for habitat factors
significant to the regression model are underlined in
Table 16.

Conductivity was often correlated with turbidity and
varied little among macrohabits within segments (Galat
et al. 2001). We limited our discussion of conductivity
associations with species presence, but present mean
conductivity values for presence and absence sites for
each species in Appendix 4 for reference, and note
instances when conductivity is important in regression
analysis.

Some significant habitat variables predicting fish
presence were correlated with other habitat variables.
The correlations are useful because they help explain
why environmental factors were significant when con-
sidered alone in the ANOVA, but insignificant to the
logistic regression analyses. For blue catfish example,
substrate geometric mean was significantly different
between presence and absence sites when considered
alone, but fell out of the regression model, probably
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because it was highly correlated with water velocity.
Velocity accounted for 51% of the variation that geo-
metric mean accounted for alone, so there was a non-
significant geometric mean effect in the logistic regres-
sion analysis. Significant correlations that help with the
interpretation of the results are mentioned only in the
text (i.e., not tabled).

For each species we conclude with a summary of the
analyses as follows for the blue catfish. In summary,
blue catfish were found only in the channelized zone.
Most of the fish that we collected were small (<150
mm long) and most (60%) were caught in the benthic
trawl. Catch was insufficient to make most statistical
contrasts. Mean C/E in the trawl was similar above and
below Kansas City, but the low catch in segments
above Kansas City that were not included in the analy-
sis, suggested that abundance was lower above Kansas
City than downstream from the City. Sites where the
blue catfish was present had water that was swifter,
deeper, warmer, and more turbid that sites where the
fish was absent. Substrates at presence sites were
coarser (more gravel and sand and less silt) than at
absence sites.

Bigmouth Buffalo

The bigmouth buffalo is a large (400-900 mm long),
long-lived (10-20 years) species that is found through-
out the Mississippi River drainage in rivers and reser-
voirs, and has wide habitat associations (Edwards
1983). Many fish were <100 mm long, but specimens
from 300 to 700 mm were collected (Figure 6). We col-
lected 517 bigmouth buffalo (Table 7) but after filter-
ing the total catch, data were inadequate for ANOVA
for any gear type.

Bigmouth buffalo were present in all segments
except Segment 3, but most were caught in the IR zone
(Figure 9). Only 10 fish were caught in the trawl, tram-
mel and gillnet combined. Of the remainder, 152 fish
were collected in seines and 307 were captured by elec-
trofishing. For ANOVA segment contrasts, Segments 8,
10, 12 produced adequate (>2%) seine catches and
Segment 10 produced adequate electrofishing sample
sizes, but the overall catch was inadequate for making
planned segment contrasts. However, statistics were not
needed to show the obvious trend among zones - big-
mouth buffalo were more abundant in the IR than in
other zones (Figure 9, Table A2-1). The trend data also
relate to segment contrasts concerning the influence of
the Yellowstone River, because the highest catches in
the Missouri River were in Segments 8 and 10 near the
Yellowstone River confluence. It was also obvious that
the catch upstream from Lake Sakakawea in Segments
8 and 10 were much higher than the catch below Lake
Sakakawea in Segment 12.
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Table 15. One-way ANOVA and logistic regression for presence/absence of the blue catfish in various physical
habitat conditions. One-way ANOVA tested means differences between sites with and without a species for each of
the habitat variables measured based on transformed data (see text for transformations used); means are back
transformed values. Stepwise logistic regression tested the ability of each of the groups of physical variables to
predict the presence of a species based on untransformed data. NU stands for “not used in logistic regression”. NS
stands for “not significant in logistic regression”.

Means with/without fish

Physical Habitat Variable (N, % var., P-value)
[Parameter Est., P-value]
Water velocity (m/sec) 0.473/0.190

(213, 22.7, <0.0001)
[2.5530, 0.0022]

Water depth (m) 2.608/1.307
(214, 21.5,<0.0001)
[0.5718, 0.0009]

Water temperature (C) 26.13/24.58
(207, 9.4, <0.0001)
[0.3754, <0.0001]

Water turbidity (NTU) 120.96/68.67
(213, 9.7, <0.0001)
[NS]
Water conductivity (n S/cm) 663.5/669.16

(204, 0.0,0.7609)
[-0.00319, 0.0158]

Substrate geometric mean* 2.751/0.203
(214, 28.7,<0.0001)
[NS]
Proportion gravel % [NU] 0.029/0.005
(214, 8.8, <0.0001)
Proportion sand % [NU] 0.466/0.231
(214, 7.0, <0.0001)
Proportion silt % [NU] 0.399/0.719
(214, 10.1, <0.0001)
Logistic regression R-squared 0.34
Logistic regression % concordance 84.8
Intercept only AIC value 278.7
Full model AIC value 204.1

*Unitless index



39

FISH DISTRIBUTION AND ABUNDANCE

"SQJIS Q0Uasqe e W/ (), ‘s931s douasard je wo/SH ()99 AIANONPUOD PISLAIOIP YIM PISBIIOU

Sy 8t & or 4 I S0 90 8T 0€ 0z 0¢ S'1 Sl €0 €0 0 mouur peayje
8% s o 0¢ ¢ % 80 90 LY S [ A 44 Sl L1 €0 €0 10°0 Iogneg
WLy € €€ ¢ S 90 60 |87 8t €T €T 91 91 €0 €0 %100 JouIys presowry
& LE o  op 4 L 90 0T w €€ (4 144 Sl Sl €0 70 ¥0°0 9SIOYpPAI PLIYIIoYS
s I€ 8  SS 4 z S0 SI 123 95 ¥ ST L1 L1 €0 v'0 ¥0°0 Jouiys pueg
LE LE 9% st 9 ¢ L0 90 9z €T IT 91T vI1 T ¥0 €0 S0°0 IOoNs YA
€€ s Ly €€ S z 60 70 97 ve T W Sl Sl 70 €0 500 QA3 TBM
0S 8 Ly 91 I I €0 10 43 8¢ 0T W I'1 €1 0 | K] S0°0 ofeynq ynowsrg
oy €9 144 44 14 4 80 S0 9% 9t w €7 91 91 70 70 S0°0 “Jnq yinowyews
o vS € 0€ 14 ¢ 0 0T TE T9 v v S'I 6’1 €0 70 90°0 wnp Joyemysaly
€p 81 I 09 v L o Ly S IS w €7 91 VT 70 90 01°0 JIoxons anjg
0€ 8S 0S 0€ v I 01 70 S¢ %4 T w©®w L1 S | 70 €0 110 Iponsdied oAy
0€ LS LS I€ ¢ z 90 90 9¢ sy T € €1 61 €0 €0 v1°0 dxed uourwo)
0z 81 o 0S € 61 9 0°¢ w 6S T T 80 81 70 90 v1°0 10qing
61 91 9 96 9 91 6’1 9°¢ 6t 9 €T €T S'I 07 70 90 ST1°0 1800U0)S
SL L 0T 9 1 4! 10 A w IS 0z Iz VI 0T 70 70 LT0 qnuyo peayse[]
LT 91 0S €9 01 4 't 6’1 LE 6t 0¢ 0¢ g0 o1 70 90 ST0 qnyo uod3IMS
1423 0S IS €€ v ¢ 90 L0 6¢ €S 0C v TI1 61 €0 €0 ST0 Us1j3ed [ouuey)
s 81 0€ 09 € L 70 I'e 44 LS w (4 (4 ¥T €0 90 LTO "3amys 9soudA0YS
€T 81 09 09 S 8 Al It 69 08 € 1T 0TI T7 7o 90 ¥€0 qnyo ure[yoIs
L o €7 9% I € 0 LT 89 0z1 ¥Zo 9T ¢©1 97 70 S0 ¥€0 ysijies anjg
LS 44 9¢ |87 I 4 70 154 09 SL v ST €T L7 0 S0 9¢'0 Usijyeds peaye[]
® d e d e d ® d ® d e d ® d ® d
NIN o) w 20s/W A saroadg
pues [oARID) UBOWOAN) Anprqany, dway, pdag KJ100[oA

'9-%V 01 [-4V sad1puaddy
ur aIe s[rejap [eonsnes sunoddng “(Aeo ‘01qqoo “o°1) sadK) 91ensqns 19430 Jo suonzodoid Jourwu pue S10119 SUIPUNOI JO ISNBIAG 9%, O} PPE Jou Aew J[Is

pue ‘pues ‘[9aeI3 Jo uontodoid pue UoIssa13or onsI3o] 2simdals oy} Ul pasn JoU 1M J[IS pue ‘pues ‘[2ALIS JO (o) uontodord [opowr uorssai3or onsi3of asmdals
3y} U JUBDIJIUTIS SAINJEAJ JeIIqRY ASOY)} AT SUBIW PAuIISpu() () parenbs-y uoIssaIsar onsI30] Ay Jo apnyruSews JuIsearddp ur paysi| dIe sarvadg proq
ur a1e suedw (0’0 = eyd[e “VAONY Aem-ouo) JudIofIp ApuedijiudiS 'soysij olyyuaq 1oy sajis () douasqe pue (d) souosaid je suonpuod jeyqey uedjy ‘9] d[qeL



POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

40

7 gs0

SRR

L YL

1-2V 21qeL 995 "AN[1qepeal dA0IdwI 01 PISIOAI Udd(Q SBY SIBdT AU} JO JOPIO AU} JO | UBY) I9JBAI3 ST 9[BIS SAJRIIPUIL ., U “(WQQT/US) [MBI} JIIUdq

= 19 “(uyysy) 19u 113 Areuones = QNOS “(urwy/ysy) Surysyonod)e = 43 ‘(jney/ysy) SuIes Yovaq = Sg ‘(WOQ/Ysy) 19U [uwen Sunjup = N1Q IUowWsas

181 Ul 1893 JReU) YIIM OpRU SBM 1010 SUIYSIJ OU d)BIIPUI SOXO0Qq SUISSIJA JUW3S Jetf) Ul 18dF 18y} IIM JYSned 910M Ysij ou djedrpul soxoq Aidwg (8661-9661)
STBIA 9211} JONO spoyow dxnyded ALY SuIsn IOATY LINOSSTIAL U} JO (LINOSSIA = /7 “BUBIUOIA] =€) SIUQWSIS G| WOy o[elgnq yinowsiq Jo 1oyga 1od yoe)) "¢ 2In31g



FISH DISTRIBUTION AND ABUNDANCE

41

Figure 10. Total catch of bigmouth buffalo over three years (1996-1998) in association with depth (A), temperature
(B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Most bigmouth buffalo were caught at depths of <1
m and velocities <0.2 m/sec over predominantly silt
substrates (Figure 10), and this species had a broad tur-
bidity and temperature association. Comparison of
mean habitat conditions at presence and absence sites
indicated that that velocity was lower (0.1 m/s) where
fish were present compared to where they were absent
(0.2 m/s), water temperature higher, and the geometric
mean particle size smaller where fish were present
(Table 16, Table A4-1). The proportion of sand was
lower (16 % compared to 47%) and the proportion of
silt was higher (82% compared to 50%) where fish
were present compared to where they were absent.
Hence the one-way ANOVA results agree with the gen-
eralization made by inspecting Figure 10. Turbidity
ranged from 10-500 NTUs where most fish were
caught, but there was no significant difference in tur-
bidity levels between presence and absence sites.
Stepwise multiple regression analysis showed that the
likelihood of presence of bigmouth buffalo increased
with increasing water temperature, but the amount of
variation explained was only about 5% (R2 = 0.05). No
habitat covariates were significant so velocity and sub-
strate geometric mean, which were significant when
considered alone, fell out of the regression model
because of their marginal influence on fish presence
(Table 16).

In summary, the bigmouth buffalo was widespread
with highest total catch in the IR zone. Bigmouth buf-
falo were most susceptible to capture in seines or by
electrofishing, however, catch was too low for statisti-
cal analysis. Visual inspection of the C/E figures sug-
gested that higher densities occurred in the IR seg-
ments and near the confluence of the Yellowstone
River. Presence sites had water that was slower and
warmer, and finer substrates than did absence sites.

Blue Sucker
The blue sucker is listed as a species of concern by
several states (Galat et al. 2005). It is widely distrib-
uted in the Missouri, Ohio, and upper Mississippi river
drainages. Larvae drift from the James River into
Segment 15 (Muth and Schmulbach 1984). Our sample
of 193 blue suckers (179 used for analysis) had many
larger specimens (500-800 mm, Figure 6), as is found
in many studies (reviewed by Morey and Berry 2003).
Young blue suckers may use backwaters such as SCNs
as nursery areas (Fisher and Willis 2000), but we did
not catch blue suckers in SCNs (Figure 11). About one-
third of the total catch was by electrofishing and drift-
ing trammel nets each, and one third captured by other
gears in ISBs and SCCs. High total catch sometimes
occurred in TRMs (Figure 11).

We found blue suckers in all segments, except 14

(Figure 11, Table 8). The most robust analysis of seg-
ment contrasts for trammel net C/E indicated that there
were no significant segment effects (P = 0.011,
Bonferroni-adjusted alpha = 0.006) for C/E from all
years and from BENDs and SCCs (Table A3-1). The IR
Segments 10, 12, and 14 were removed from the analy-
sis because sample size was too low, so statistics are
not needed to indicate that catches in IR segments
(excluding Segment 15) were less than those in either
the LA or CH zones. The contrast between Segments
14 and 15 was not done because of “zero” catches in
14, so obviously catches in 15 were higher than those
in 14.

Regarding physical habitat associations, most blue
suckers were captured where turbidity was 10-50
NTUs, and catch increased as temperature increased to
24-26C (Figure 12). Blue sucker catch by velocity had
a dome-shaped pattern with most fish captured
between 0.2 and 1.0 m/s. Blue suckers were caught at
depths up to 4 m, and some fish were captured at 11-12
m with the drifting trammel net. Their association with
swift, deep water suggested that higher catches might
be associated with sand and gravel, which they were
(Figure 12).

These generalizations about habitat associations with
total catch made from inspection of Figure 12 were
confirmed by one-way ANOVA results (Table 16).
Where blue suckers were present, means for physical
habitat measures were velocity 0.6 m/s, depth 2.4 m,
temperature 23°C, turbidity 51 NTUs, and substrate
size geometric mean 4.7 mm. The average proportion
of gravel was 7%, sand 60%, and silt 18% where blue
suckers were found, and the proportions of gravel and
sand were higher and the proportion of silt lower where
blue sucker were present compared to where they were
absent.

Stepwise multiple regression (R = 0.1) indicated
that the likelihood of presence of blue suckers
increased with increased water velocity, conductivity
and substrate size geometric mean (Table 16). Velocity
and substrate size were positively correlated (50% of
the variability of one explained by the other) but both
were retained in the model, whereas depth, tempera-
ture, and turbidity fell out of the model even though
these features were significant when considered alone
in the comparison of means between presence and
absence sites.

In summary, the blue sucker sample was composed
of larger individuals that were widespread (found in all
segments except Segment 14), and were especially
abundant in IR Segment 15 and CH Segment /7.
However, the low catch in other IR segments indicated
that blue sucker abundance was lower in the IR than in
LA or CH zones. Blue suckers were especially vulnera-
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Figure 12. Total catch of blue sucker over three years (1996-1998) in association with depth (A), temperature (B),
turbidity (C), velocity (D), and percent of catch over four substrates (E).
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ble to drifting trammels and electrofishing in ISBs and
SCCs. The species was present where substrate is
course (more gravel and sand than silt) and water deep-
er and swifter than in other locations.

Burbot

The burbot is a freshwater cod that is principally a
northern species, occurring in the upper Missouri and
Mississippi Rivers, Canada, and Alaska (Fisher et al.
1996). Our data confirm this generalization as we
found all (except two) of the 220 burbot upstream from
Ft Randall Dam in Segments 3-12 (Figure 13). Burbot
usually reach about 1.5 kg (60 cm long) in the Missouri
River. Most of the fish we collected were <50 cm long,
but a few larger specimens were found in Segment 3
(Figure 6). Ninety percent of the total catch was by
electrofishing in BENDs and SCCs (Figure 13).
However, the total catch was insufficient for statistical
analysis. The C/E declined downstream from Fort Peck
Lake (Segment 7) and Lake Sakakawea (Segment 12).
Also, the trend in total catch and C/E indicated that this
species was abundant in the LA and IR zones. There
was in increase in C/E between Segments 8 and 10; the
Yellowstone River enters the Missouri River between
these two segments.

Most burbot were caught by electrofishing in water
depths of 1 — 2 m (Figure 14). The average water depth
was 1.8 m at presence sites and (0.8 m at absence sites
(Table 16). Mean velocity at presence sites was 0.6
m/sec, which was significantly higher than the mean
velocity at absence sites (0.4 m/s), and supported the
pattern seen in total catch over velocities up to the 1.0-
1.2 velocity category. Present sites were significantly
deeper than absence sites, but other differences
between presence and absence sites were not signifi-
cant. However, burbot was among a group of four
species (burbot, stonecat, flathead chub, sturgeon chub)
that were associated with >10% gravel at presence sites
(Table 16). Cobble was ubiquitous at a few burbot pres-
ence sites. Most burbot were caught in waters where
turbidity was 10-50 NTUs, and most were caught over
a 10-degree temperature range (14 — 24° C, Figure 14).

Logistic regression analysis (Rz = 0.14) showed that
the presence of burbot increased with increased water
velocity and decreased temperature. Depth, velocity,
and temperature were correlated (33% of one account-
ing for the variation in another), which may explain
why depth and temperature were significant in the
ANOVA and not the regression analyses (Table 16).

In summary, burbot are a fairly common fish of LA
zone and Segment 10 (just upstream from Lake
Sakakawea). They are vulnerable to electrofishing in
SCCs, ISBs and OSBs in deep water and swift current
where substrates tended to be sandy to coarse materi-
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als, and water turbidity low.

Channel Catfish

Channel catfish thrive in a variety of environmental
conditions, including warm, turbid water (Hubert
1999). Most of our specimens were <100 mm, but we
captured representatives of all size classes including the
750-800 mm size class (Figure 6). Channel catfish
were captured in all study segments, with highest C/E
in the CH zone (Table 17). The C/E was high in ISB,
SCC, and TRM (occasionally) macrohabitats where
trawl catches reached about 3 fish/100 m and seine
catches were sometimes as high as 8-10 fish/haul
(Table 17). There were no significant segment effects
using trawl data (P = 0.2) but there were significant
segment effects found in data from seines (1,576 fish),
electrofishing (1,309 fish) and gill netting (604 fish).
Significant contrasts for the three gears were found, but
some were misleading because Segments 3, 5, 7, 8, 10,
12, and 14 were excluded from analysis because of the
low total catch. For example, contrasting C/E among
LA segments or between LA segments and other seg-
ments was difficult because only Segment 9 was avail-
able to represent the LA zone and only Segment 15 was
used in most analysis to represent the IR zone.
Statistical analysis of the contrast between LA seg-
ments (3, 5 vs. 9) was not possible, but there seems to
be higher catch rates in Segment 9 than in Segments 3
and 5 where total catch was too low for analysis (Table
17).

Significant results from the most robust ANOVAs
(Table 18), showed that C/E in beach seines was high-
est in CH segments (3.3 fish/haul) and lowest in IR
segments, but the IR segments were represented only
by Segment 15. On-the-other-hand, several contrasts of
C/E in gill nets showed an opposite trend, but data were
only from CH Segment 27. Segment 15 (BL&C, below
Lewis and Clark Lake), just downstream from Gavins
Point Dam, had lower gillnet C/E (0.17 fish/hr) than
did Segment 14 (AL&C, above Lewis and Clark Lake).
Electrofishing C/E was higher (0.23 fish/min) down-
stream from Kansas City compared to C/E upstream
(0.1 fish/min). Several trends were apparent after con-
sidering the low C/E in Segments 3, 5, 7, 8, 10, 12, and
14. The high C/E in Segment 9 (Yellowstone River)
was not found in Missouri River Segments 7 and 8 or
10 near the Yellowstone confluence. High catches in the
CH segments and low catches in the IR segments were
apparent in both the pattern of total catch and C/E data
(Table 17).

Total catch increased greatly when temperatures
reached 24°C (Figure 15). Mean temperature where
fish were captured was greater (24°C) than where fish
were not captured (20°C, Table 16). A few channel cat-
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Figure 14. Total catch of burbot over three years (1996-1998) in association with depth (A), temperature (B),
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turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Table 18. Mean catch per unit effort data for channel catfish by seining (fish/haul),
electrofishing (fish/min), and gill netting (fish/hr) and list of significant contrasts among
segments. LA = least-altered zone, IR = inter-reservoir zone, CH = channelized zone, AKC =
above Kansas City, BKC = below Kansas City, AL&C = above Lewis and Clark Lake (i.e.,
Segment 14), BL&C = below Lewis and Clark Lake (i.e., Segment 15), YSR = Yellowstone
River (i.e., Segment 9). For other contrast results see Table A3-2.
Electro Gill
General Seining  Fishing  Netting
Contrast Segment contrast P value P value P value
Means Means Means
Among LA
0.003
LA vs. CH 9vs. 17, 22-27 0.57.3.3
0.001
LA vs. CH 5,9vs. 27 0.4,0.07
0.0007
IR vs. CH 15vs. 17, 22-27 0.18,3.3
LA vs. IR 0.002
and CH IR vs. CH 7,8,10-15 vs. 27 0.24.0.07
LA YSR vs. CH 9vs. 17,23, 25,27 0003
’ = TooTm e 0.57,3.3
0.002
LA YSR vs. CH 9vs. 27 0.38.0.07
0.0007
IR BL&C vs. CH 15vs. 17, 22-27 0.18. 3.3
AmongIR IR W/OBL&Cvs.CH  7,8,10-14 vs. 27 0.0006
& Vs » % Vs 0.25,0.07
0.0001
IR vs. CH IR AL&C vs. IR BL&C 14 vs. 15 19.0.17
Among CH AKC vs. BKC 17, 19 vs. 23-27 0.008
s ' VS 0.1,0.23

fish were captured at depths of 12 m (Figure 15) but
the mean depth at presence sites was 1.9 m, which was
significantly deeper than the mean depth at absence
sites (1.2 m, Table 16). Most of the total catch was at
water velocities < 0.6 m/sec (Figure 15), but the mean
velocity was similar (0.3 m/sec) at presence and
absence sites (Table 16). For water turbidity, total catch
was somewhat evenly distributed among categories
ranging from 10 to 500 NTUs (Figure 15), but channel
catfish presence sites were about twice as turbid as
absence sites (Table 16). Silt and sand dominated the
substrate where most channel catfish were captured
(Figure 15), and there was proportionally more silt and
less sand where channel catfish were present compared
to where they were absent (Table A4-2).

Stepwise multiple regression analysis revealed that
the presence of channel catfish increased with water
depth and temperature, and decreased with velocity
(R2 = 0.25). Turbidity fell out of the regression model
perhaps because turbidity was significantly correlated
with temperature, and velocity was added to the model
even though velocity alone was not significant (P =
0.49, Table A4-2).

In summary, although the channel catfish was wide-
spread, the low abundance in some LA and IR zone
segments hampered statistical analysis of many seg-
ment contrasts. Significant contrasts indicated that C/E
in IR segments was less than in CH segments because
several IR segments were excluded from analysis due
to low total catch. Channel catfish were caught in all
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Figure 15. Total catch of channel catfish over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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gears, but were most vulnerable to seines, trawls and
electrofishing (Table 10). In ISB, TRM, and SCC
macrohabitats in the CH zone, C/E values were 10x
those in other macrohabitats in the same zone. Channel
catfish were associated with a broad range of turbidi-
ties, and were more likely found over predominantly
silt (50%) and sand (33%) substrates. Water velocity at
presence and absence sites was about 0.3 m/sec, but
channel catfish presence sties were deeper, warmer,
and more turbid than absence sites.

Common Carp

The common carp is the only exotic species in our ben-
thic fishes assemblage. Most adults usually weigh 0.5-
3.6 kg and are 500-1000 mm long. We caught many
small carp (<100 mm) and most size classes were well
represented up to 750 mm long (Figure 6). The prepon-
derance of fish in the 300-700 mm size class was
somewhat similar to the length-frequency pattern of
bigmouth buffalo.

This species does well in rivers and reservoirs
(Edwards and Twomey 1982b), and we caught common
carp in all segments and all macrohabitats (Table 19).
Trammel net C/E were low in all macrohabitats in
Segments 3-10, and declined greatly downstream in CH
zone segments, except in TRMs. Conversely, trawl C/E
increased in CH zone segments compared to C/E val-
ues upstream (Table 19). Total catch of 312 fish by
seining was somewhat evenly distributed among zones,
but statistical analysis of C/E data was not possible.
Gill net C/E tended to be higher in SCNs and TRMs
than in other macrohabitats (Table 19), but no segment
contrasts were significant for gill net C/E of common
carp (P = 0.04, Table A3-3).

The total catch by electrofishing (224 fish) was use-
ful for some contrasts among segments using data from
BENDs, SCCs, and TRMs of Segments 10-15, /7, 19,
23-27 (Table 20). Data for LA segments was of mini-
mal use because electrofishing was not used in 1996
and 1997, because there were no TRMs in Segment 3,
or because catches in other macrohabitats and gears
were too low for analysis. The IR zone vs. CH zone
contrast was insignificant (P = 0.034, Table A3-3),
except when the high catch (0.4 fish/min) in Segment
15 made several contrasts among IR and CH segments
and between IR and CH segments significant (Table
20). Mean C/E downstream from Lake Sakakawea was
higher than the catch upstream. Mean C/E below
Kansas City was higher (0.17 fish/min) than the catch
above (0.13 fish/min). In general, the high catch rate in
Segment 15 (0.4 fish/min) dominated the contrasts,
making catches upstream in the IR and downstream in
the CH significantly lower than catches in Segment 15.

Total catch of common carp was distributed over a
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wide range of habitat conditions but most fish were
caught where velocity was < 0.4 m/sec (Figure 16), and
mean velocity was similar (0.3 m/sec) for both pres-
ence and absence sites (Table 16). Most total catch was
where substrates were dominated by silt, but total catch
was distributed over a wide range of turbidity (10 - 500
NTUs) and temperature (18-30° C) conditions (Figure
16). The proportion of silt was significantly higher
(57% vs 30%) and sand significantly less (31% vs
57%) where common carp were caught compared to
sites where fish were not caught (Table 16). Water
depth at presence sites was higher (1.9 m) than at
absence sites (1.3 m, Table 16).

Stepwise logistic regression (R2 = 0.14) indicated
that the likelihood of presence of common carp
increased with increased water depth, temperature and
decreased water velocity and substrate geometric mean.
Velocity and substrate geometric mean were added to
the model even though the means at presence and
absence sites were not significantly different when test-
ed alone with ANOVA. Turbidity may have been elimi-
nated from the regression model because it was corre-
lated with temperature. Temperature likely accounted
for enough of the variation in the likelihood of pres-
ence of common carp that turbidity accounted for by
itself to result in the non-significant turbidity effect in
the logistic regression analysis.

In summary, common carp were abundant, wide-
spread, and easily collected by electrofishing in all
macrohabitats except CHXO. The C/E in the LA zone
was lower than that in other zones, and the high C/E in
all macrohabitats of Segment 15 dominated statistical
contrasts. The catches downstream from Lake
Sakakawea were higher than catches upstream.
Substrates had more silt and water was deeper, warmer,
and more turbid at common carp presence sites than at
absence sites. Velocity was about 0.3 m/sec at both
presence and absence sites.

Emerald Shiner

This species is not associated with the benthic habitat
as much as other species in our benthic fishes assem-
blage, however it is probably important prey for many
species. Adults are about 7 cm long, so all of our catch
was in two small size classes (Figure 17). The species
was used by Young (2001) to study the possibility of
subpopulations (demes) forming in the mainstem. We
caught emerald shiners throughout the mainstem and in
all segments, with total catch in Segment 15 (below
Gavins Point Dam) almost twice the catch in other seg-
ments (Table 8). Most fish were captured by seining
and electrofishing in all macrohabitats except CHXO
(Figure 18). The C/E data showed a general pattern of
lower catches in the IR. The unusually high catch in
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Table 20. Mean catch per unit effort data for common carp by electrofishing (fish/min) and list
of significant contrasts among segments. LA = least altered zone, IR = inter-reservoir zone, CH
= channelized zone, ASAK = above Lake Sakakawea, BSAK = below Lake Sakakawea, AL&C
= above Lewis and Clark Lake (i.e., Segment 14), BL&C = Below Lewis and Clark Lake (i.e.,
Segment 15), 1* CHAN = 1% channelized segment (i.e., Segment /7), AKC = above Kansas
City, BKC = below Kansas City. For other contrast results see Table A3-3.

General Contrast

Segment contrast

Electro
P value
Means

Among LA

LA vs. IR and CH

ASAK IR vs. BSAK IR

Among IR AL&C IR vs. BL&C IR

IR W/O BL&C vs. BL&C IR

0.01
10 vs. 12 0.05, 0.14
<0.0001
14 vs. 15 0.15,0.4
<0.0001

10-14 vs. 15 0.12,0.4

BL&C IR vs. CH
IR vs. CH
BL&C IR vs. 1 CHAN

<0.0001
15vs. 17,19, 23, 25, 27 0.4,0.16
<0.0001

15 vs. 17 0.4,0.13

Among CH AKC CH vs. BKC CH

0.001

17,19 vs. 23, 25, 27 0.13,0.17

Segment 15 biased statistical comparisons, but catches
in other IR segments (Segments 7, 8, 10, and 12) were
too low to include those segments in ANOVA, so con-
cluding that average catch in the IR was lower than in
other zones is intuitive.

All ANOVAs for seine data have significant segment
effects, but we present results from the most robust
analysis that included eight segments and three macro-
habitats over all years (Table A3-4). Three segment
contrasts were significant (Table 21). Beach seine C/E
was lower in Segment 9, the Yellowstone River seg-
ment, than in Missouri River LA Segments 3 and 5,
and lower than the average C/E in the CH segments.
Electrofishing catch in Segment 15 was about 3X high-
er than in the CH segments. Statistics were not needed

to see that emerald shiner catch was lower in the
Missouri River around the confluence with the
Yellowstone (Segment 9) than in the Yellowstone River
itself, and that catch in Segment 9 was higher than that
in the IR segments, many of which were deleted from
the analysis. The trend in total catch and C/E (Table
A2-4) was higher above than below Fort Peck Lake and
Lake Sakakawea, but the reverse trend was obvious for
Lewis and Clark Lake.

The habitat data were not helpful in associating pres-
ence with most of the conditions (expect decreased
conductivity) that were measured in this study. The
stepwise logistic regression R2 was one of the lowest
recorded in this study, and there were no significant
differences in means of physical habitat measurements
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Figure 16. Total catch of common carp over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Table 21. Mean catch per unit effort data for emerald shiner by electrofishing (fish/min)
and seining (fish/haul) and list of significant contrasts among segments. LA = least-
altered zone, IR = inter-reservoir zone, CH = channelized zone, BL&C = below Lewis
and Clark Lake (i.e., Segment 15), MOR = Missouri River, YSR = Yellowstone River
(i.e., Segment 9). For other contrast results see Table A3-4.

- Electro
Seining gy iy
General Contrast Segment contrast P value &
P value
Means
Means
0.011
Among LA LA MOR vs. LA YSR 3,5vs.9 24,08
0.0001
LAvs.IRandCH LA YSR vs.CH 9vs. 22, 23,25 27 0.8,2.9
Among IR
IR vs. CH BL&C vs. CH 15vs. 17, 19, 23, 25, 27 20i0%87
Among CH

at presence and absence sites, except the proportion of
sand (Table 16). The pattern of total catch at each habi-
tat category may be somewhat helpful. The total catch
pattern was skewed toward shallow water where the
proportion of silt was higher than sand or gravel
(Figure 19). Highest catches occurred where tempera-
ture was 20-30°C and turbidity was 10-100 NTUs
(Figure 19). Most of the total catch was over a broad
(<1.2m) velocity range.

In summary, emerald shiners were vulnerable to
seining and electrofishing. Most catches were in ISB,
SCC, and SCN habitats, but electrofishing catch was
high in OSB and TRM habitats. Catches in the IR seg-
ments were lower than those in the LA or CH seg-
ments. The LA Segments 3 and 5 differed from LA
Segment 9, and a “reservoir effect” was found in two
cases (catches upstream from Fort Peck and Lewis and
Clark were lower than catches downstream). The
species was usually found in shallow, clear, moderate
velocity waters over silt substrates, but can be found in
a variety of conditions.

Fathead Minnow

The fathead minnow grows to about 50-70 mm in
length, so all fish we caught were in two size classes
(Figure 17). The fathead minnow we collected were
distributed throughout the mainstem (except Segment
5), but the largest catches were in segments in the IR,

especially Segment 12 where 317 fish were caught and
seine C/E reached 7 fish/haul in SCNs (Figure 20). All
fish were caught by either electrofishing or seining;
most were caught in SCNs, ISBs, and SCCs. Analysis
of segment contrasts was possible using 193 fish
caught by electrofishing, but there were no significant
(P > 0.43) segment effects (Table A2-5). However,
trends were obvious, especially that C/E in the IR seg-
ments exceeded C/E in either the LA segments or CH
segments. No fathead minnow were captured in
Segment 35, so it is obvious that C/E in the LA Missouri
River segments was lower than C/E in the LA
Yellowstone River Segment 9.

Habitat associations were not suggested by either
ANOVA comparison between mean conditions at pres-
ence and absence sites, or by stepwise logistic regres-
sion (Table 16, Table A4-2). The fathead minnow was
typically caught in shallow water where velocities were
<0.4 m/sec (Figure 21). Total catch was higher where
turbidity was <50 NTUs and substrates were predomi-
nantly silt with some sand than in areas of high turbidi-
ty or coarser substrates (Figure 21). The catch curve
over the range of sampling temperatures was bimodal,
with high catches at 16-18°C and high catches at 22-
26°C.

In summary, the total catch pattern of fathead min-
now was highest in the IR zone, but the patchy nature
of the catch and the few number of segments with suf-
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Figure 19. Total catch of emerald shiner over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).

Total catch

Total catch

12000
Emerald shiner

10000
OGill net
B Electric

8000 oTrawl [ |
W Seine

6000 +

4000 +

2000 +

0 - = -
0-1 12 23 34 45 56 67 89 910
Depth (m)
12000
Emerald shiner

10000

8000 OGill net |—
@Electric
OTrawl

6000 OSeine [ |

4000

2000

ot HE : e
<10 10-50 50-100 100-500 500-1000

Turbidtiy (NTU)

C

6000
Emerald shiner
5000
OGill net
= 4000 MElectric | |
] OTrawl
© OSeine
© 3000
©
3
o
2000
1000
0 -~ H 1 H . . . . =
10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-26 26-28 28-30 30-32
Temperature (C)
8000
Emerald shiner
7000
6000
o et
BElectic
< = aTr: 1]
g 5000 CTremma
©
O 4000
<
3
2 3000
2000
1000
0 . . .
0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0-1.2 1.2-1.4 1.4-1.6 1.6-1.8 1.8-2.0

Velocity (m/sec)

Emerald shiner
90.0
80.0
70.
60.
-
5 50,
2 40.
[
0o 30.
. .
10.4
oo |

COBBLE GRAVEL

SAND SILT

Substrate

E

D



59

FISH DISTRIBUTION AND ABUNDANCE

"G-TV QIqeL 998 "A[Iqepear dA0IdwI 01 PASIOAII UJIq SeY SIBd3 dY) JO JOPIO Y} IO [ UBY) JOJBIS SI

9[e0S SABIIPUL ., UV “(IU/YSY) 19U [[13 Areuonels = GNOS “(Urt/ysiy) Surysyonsd)s = J4 “(Jney/ysy) autes yoeoeq = Sg “(WOO1/4sy)
[Men orueq = 1.g ‘(WO 1/Yysy) 1ou [owwer) SunjLp = N L TUows3as jey) ul Jead jey) Yim opew sem 110JJ0 Surysiy ou 9)edipul

S9X0(Q SUISSIJA “JUdW3ds Jey) ul Jeds jey) Yim Jy3ned d1oMm YsiJ ou dedipul saxoq Aldwy (8661-9661) STBIA 931} JOAO SPOyjow
armded 9A1} SuIsn IOATY LINOSSIA AU} JO (LINOSSIA =/ 7 ‘BUBJUOIA =€) SIUQWISIS G WOIJ MOUUIW peayie] Jo 110339 1od yoje)) ‘(g 2131



60

POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Figure 21. Total catch of fathead minnow over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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ficient C/E of fathead minnow limited statistical seg-
ment contrasts. In general, fathead minnow were found
in slowly moving (0.2 — 0.3 m/sec) waters over sub-
strates dominated by silt and sand that are typical of
SCNs (Galat et al. 2001) where C/E was as high as 7
fish/haul with seines.

Flathead Catfish

This species is native and common in the lower
Missouri River, but is only occasionally collected in the
upper river (Reigh and Owen 1979, Jackson 1999,
Galat et al. 2005). It does well in reservoirs and the
main channel. We captured 1267 flathead catfish in a
wide size range, with some in the 1100-1150 mm
length class (Figure 17).

Flathead catfish were not found upstream from
Segment 14 (Figure 22). Three flathead catfish were
captured in Segment 14, which is the 73-km reach
between Fort Randall Dam and Lewis and Clark Lake,
and the remainder were captured downstream from
Gavins Point Dam. Highest C/E was by electrofishing
in OSB macrohabitat, with lower catch rates in TRMs,
ISBs, and SCCs, and very few fish were caught in
CHXOs and SCNs.

Because the catch was mostly in the CH zone, statis-
tics were not needed to show that catch in this zone
was greater than in the IR or LA zones. Planned statis-
tical contrasts were possible only for Segment 15 and
other segments downstream (Table 22). Possible seg-
ment contrasts used electrofishing data for BEND,
SCC, and TRM (Table A3-6). Catches in Segment 15
(BL&C) were higher than in CH segments. There was
no difference in catch above and below Kansas City (P
= (.8, Table A3-6).

Though limited in distribution, the flathead catfish
showed more contrast in habitat conditions between
presence and absence sites than other species, as
judged by the stepwise logistic regression R2 value and
the number of significant habitat differences between
sites with and without fish (Table 16). Total catch was
associated with a wide range of turbidity levels (10-500
NTUs, Figure 23); but presence sites were more turbid
than absence sites (Table 16). Most fish were found at
depths of <2 m, but fish were also captured at many
depths up to 12 m, and mean depth at presence sites
(2.7 m) was among the deeper mean values recorded
for all benthic fishes (Table 16). Velocities associated
with total catch had a wide range; mean velocities were
0.5 m/sec at presence sites and 0.2 m/sec at absence
sites. Silt and sand dominated the substrate (85%, Table
16) where flathead catfish were captured, but some
were caught where cobble was present (Figure 23) and
sites with fish had more gravel than sites without
(Table 16).

FISH DISTRIBUTION AND ABUNDANCE 61

Stepwise logistic regression (R2 = 0.37) indicated
that the likelihood of presence of flathead catfish
increased with increased water depth and geometric
mean substrate particle size. There was a significant
difference in velocity between sites with and without
flathead catfish when only velocity was considered,
however, stepwise logistic regression indicated that,
after inclusion of depth and substrate into the model,
velocity did not account for a significant amount of
additional variance. Depth was significantly positively
correlated with temperature (28% of the depth effect
explained by temperature).

In summary, the range of the flathead catfish is lim-
ited to the lower river where it is common in all seg-
ments, except Segment 27. It is vulnerable to elec-
trofishing and is associated with the deep waters and
swift currents of OSBs, with much reduced presence in
other macrohabitats.

Flathead Chub

The flathead chub inhabits streams in the western
plains (e.g., Moreau River, Loomis et al. 1999), but has
declined in the southern part of the Missouri River
basin (Grady and Milligan 1998). We commonly col-
lected this species with four gears in Segments 3-10,
but further downstream, catches were nil (Figure 24).
Fisher et al. (2002) found 5-year-old fish to 267 mm in
length and we caught a few in that size range and
longer (Figure 17).

We captured most flathead chub by seining (9281
fish) and electrofishing (1502 fish), but some fish were
caught with drifting trammel nets and benthic trawls in
CHXO habitats (Figure 24). Flathead chub were cap-
tured in all macrohabitats, but highest catch rates were
in SCCs, ISBs, and SCNs. Our catch rates with the bag
seine were highest (occasionally 50 fish/haul) in chan-
nel border habitat, which agreed with other recent
reports (Welker 2000, Fisher et al. 2002).

Data from seining in BEND, SCC, and SCN and
electrofishing in BEND and SCCs were sufficient for
segment comparisons, which were significant (P <
0.0001 and P = 0.003 respectively, Table 23). Contrasts
were only possible with data from LA Segments 3, 5,
and 9, and from IR Segments 8 and 10 (Table A3-7).
Catch in seines was greater in the Yellowstone River
(C/E = 21.9) than in the Missouri River LA segments
(C/E = 6.1), but the data for electrofishing showed the
opposite trend. All possible contrasts between LA seg-
ments and IR segments for both fishing gears indicated
that catches were greater in the LA segments. Too few
specimens were collected in the IR Segments 12-15
and in any CH segments to make any segment compar-
isons, but trends were obvious. From 1-10 flathead
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Table 22. Mean catch per unit effort data for flathead catfish by electrofishing (fish/min) and list
of significant contrasts among segments. LA = least altered zone, IR = inter-reservoir zone, CH
= channelized zone, BL&C = below Lewis and Clark Lake (i.e., Segment 15), 1* CHAN = first

segment downstream from the IR zone in the CH zone. For other contrast results, see Table A3-

6.
Electro
General Contrast Segment contrast Fishing
P value
Means
Among LA
LA vs. IR and CH
Among IR
0.003
IR vs. CH BL&C IR vs. 15T CHAN 15vs. 17 0.14,0.07
0.005
BL&C IR vs. CH 15 vs. 17,19, 23-27 0.14, 0.09
Among CH

chubs were captured in each of Segments 14-27, so the
species was widely distributed, but obviously the densi-
ty was higher in the LA zone than in the IR zone or CH
zone. Two reservoir related contrasts were also obvious:
fewer flathead chubs were found downstream from Fort
Peck Lake and Lake Sakakawea than were found
upstream (i.e., Segments 5 vs. 7 and Segments 8 vs.
10).

Flathead chub total catch was high in shallow (<1 m)
conditions where sand is the dominant substrate, but
gravel is also abundant (Figure 25). Most flathead chub
were caught in a narrower temperature range (14-26°C)
than most other benthic species, but mean temperature
was similar at sites with and without fish (Table 16).
Most fish were captured where turbidity levels were
10-50 NTUs, but the fish was found at other turbidity
levels as well. Mean velocity at presence sites what
higher (0.4 m/sec) than at absence sites (0.2 m/sec),
and substrate geometric mean was higher (1.4 mm) at
presence sites than at absence sites (0.1 m). Presence
was positively related to the proportion of gravel and
sand and negatively related to the proportion of silt in
the bottom substrates.

Stepwise multiple regression indicated that the like-
lihood of presence of flathead chub increased with
increased water velocity and decreased depth (R2=
0.17). Differences between mean depths at presence
and absence sites approached significance (P = 0.055,
Table A4-3), and depth was recognized as significant

by stepwise logistic regression analysis. Depth and
velocity were also positively correlated (17%).
Substrate geometric mean dropped out of the model.

In summary, the flathead chub is widespread, but
much higher densities were found in the LA segments
and IR segments upstream from Lake Sakakawea than
further downstream. Catch was higher in the LA seg-
ments than in the IR and CH segments. The species
was found in all macrohabitats, and sites with fish had
swifter, shallower water over coarser substrates than did
sites without fish. It can be captured by active gears,
especially seines and electrofishing.

Freshwater Drum

This species is an important commercial and recre-
ational species that is widespread and locally abundant.
It is a large (maximum about 22 kg and 80 cm) silvery
fish and open-water spawner; larvae drift from the
South Dakota portion of the river into the CH zone
(Braaten and Guy 2002). We collected freshwater
drums distributed in 13 size classes up to 700 mm in
length (Figure 17).

Freshwater drums were captured in all segments
except Segment 12 (downstream from Garrison Dam).
Most fish were caught by beach seine (1820), bottom
trawl (553), or electrofishing (1273). Fish were caught
in all macrohabitats, with CHXO producing the lowest
catch (Figure 26). A one-time, high catch rate in the
trawl of about 40 fish/100 m in SCCs in Segment /7
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Figure 23. Total catch of flathead catfish over three years (1996-1998) in association with depth
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(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Table 23. Mean catch per unit effort data for flathead chub by electrofishing (fish/min) and
seining (fish/haul) and list of significant contrasts among segments. LA = least-altered zone, IR
= inter-reservoir zone, CH = channelized zone, BL&C = below Lewis and Clark Lake (i.e.,
Segment 8), FTP = segments between Fort Peck Dam and YSR confluence, MOR = Missouri
River, YSR = Yellowstone River (i.e., Segment 9). For other contrast results see Table A3-7.

.. Electro
Seining g hin
General Contrast Segment contrast P value &
P value
Means
Means
<0.0001
MOR LA vs. YSR LA 3,5vs.9 6.1,21.9
Among LA 0.002
MOR LA vs. YSR LA 5vs.9 1.04,0.3
<0.0001
YSR LA vs. FTP IR 9vs.8 219,28
0.001
MOR LA vs. FTP IR 5vs. 8 1.04, 0.28
0.003
LAvs. IRandCH oo 1R 3,5.9,vs.8,10 117,38
0.0006
MOR LA vs. IR W/O BL&C 5vs. 8,10 1.04, 0.24
YSR LA vs. IR W/O BL&C 9vs.8,10 00
Among IR
LA vs. CH
Among CH

was unusual, otherwise, trawl catches were about 1-7

fish/100 m in the CH zone in ISBs, SCNs, and TRMs.

Seine catches were relatively high (1-7 fish/haul), but
there were no significant segment effects (P > 0.1,
Table A3-8).

Significant segment effects were found for elec-
trofishing C/E in BENDS (P = 0.003, all years) and
trawling C/E in BENDS and SCCs (P = 0.002, 1997
and 1998 only). The C/E values for these gears were
higher in LA and CH segments than in IR segments
(Table 24), thus agreeing with the general trends seen
in total catch (Figure 26). The C/E in LA segments of
the Missouri River (Segments 3 and 5) were higher

than catches in the Yellowstone River and higher than
in both the IR and CH zones. Catches in most IR seg-
ments were too low for analysis (except in Segments 14
and 15), so C/E of freshwater drums in the CH seg-
ments for these gears was obviously higher than catch-
es in IR segments. The one planned contrast (Table 24)
among CH segments was possible - trawling catches
above Kansas City (C/E = 1.95 fish/100 m) were higher
than catches below Kansas City (C/E = 0.14 fish/100 m).
Segments 7, 8, 9, 10, 12, and 14 were left out of
most analyses, so any contrasts dealing with the
Yellowstone River and Missouri River segments near
the confluence could not be made. Catch was obviously



Figure 25. Total catch of flathead chub over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Table 24. Mean catch per unit effort data for freshwater drum by electrofishing (fish/min) and
trawling (fish/100m) and list of significant contrasts among segments. LA = least- altered zone,
IR = inter-reservoir zone, CH = channelized zone, AKC = above Kansas City, BKC = below
Kansas City, BL&C = below Lewis and Clark Lake (i.e., Segment 15), 1¥ CHAN = 1*
channelized segment (i.e., Segment /7), MOR = Missouri River. For other contrast results see
Table A3-8.

Electro

Fishin Trawl
General Contrast Segment contrast g P value
P value
Means
Means
Among LA
<0.0001
LA vs. IR 3,5,vs. 14,15  0.2,0.02
0.002
MOR LA vs. BL&C IR 3,5vs.15  0.2,0.05
LA vs. IR
and CH 0.0002
MOR LA vs. IR w/o BL&C 3,5vs. 14 0.2,0.001
0.006
LA vs. CH 3,5vs.22-27 0.2, 0.1
Among IR
0.008
IR vs. CH 14,15vs. 22-27  0.03,0.1
0.008
IR w/o BL&C vs. CH 14vs.22-27  0.001, 0.1
IR vs. CH 0.002
IR vs. CH 15vs. 17,19, 25 0.01, 1.08
0.0009
BL&C vs. 1" CHAN 15vs. 17 0.01, 2.6
Among CH AKC vs. BKC 17, 19vs. 25 0.0009

1.95,0.14
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higher above Fort Peak and Lewis and Clark reservoirs
than below. There was low C/E in Segments 14 and /7,
so the high C/E in Segment 15 indicated that fish den-
sity was higher there without statistical analysis.

The habitat associations with total catch reveal that
the freshwater drum were found in shallow to mid-
depth sites with substrates dominated by silt and sand
(Figure 27). Freshwater drums were caught over a wide
range of velocities (<2 m/sec), and at temperatures
from 12 to 32°C, but differences between presence and
absence sites was not significant (Table 16). One-way
ANOVA indicated that mean depth was greater (1.9 m)
at sites with fish than at sites without fish (1.5 m).
Turbidity at presence sites was about two times that at
absence sites (Table 16). There was no difference in
substrate geometric mean between presence and
absence sites, but the ANOVA results confirmed the
total catch pattern that indicated more silt and less sand
at presence sites than at absence sites (Table 16).
However, stepwise multiple regression indicated that
the likelihood of fish presence increased with increas-
ing substrate mean and increasing turbidity. The low
stepwise logistic regression R2 (0.06) probably indi-
cates that other factors are important in predicting the
likelihood of presence of freshwater drum, and our data
accounts for too little of the variability to be biological-
ly useful.

Overall, the freshwater drum was most abundant in
the CH zone in most macrohabitats and in a wide range
of physical conditions. Results of segment contrasts
generally agreed that densities in the LA and CH zones
were higher than those in the IR zone. The obvious
trend was that catches in the IR zone were lower than
in other zones. Segment 15 had high catches and catch
was lower below two reservoirs than above. The species
was most vulnerable to seining, trawling and elec-
trofishing.

Hybognathus spp.

The benthic fishes assemblage has three minnow
species (western silvery minnow, H. argyritis; plains
minnow, H. placitus; brassy minnow, H. hankinsoni)
that are difficult to identify without necropsy. However,
a presumptive identification of adults can be made with
external characters (e.g., scale pattern, eye size, head
length). Few details are known about the biology of
these species; however, the western silvery minnow is
considered rare in some basin states, whereas the plains
and brassy minnow are more common.

We identified 374 western silvery minnow, many in
the upper basin where they were the subject of a Ph.D.
dissertation associated with our study (Welker 2000).
Welker (2000) collected more western silvery minnow
along shallow channel borders than in the main chan-

nel. Western silvery minnow were not found in our
study or by Grady and Milligan (1998) in the lower
Missouri River. The species is more common in the
upper basin, especially Segment 10, and is abundant in
some tributaries of the upper basin (e.g., Moreau River,
Loomis et al. 1999).

Plains minnow inhabit shallow, braided streams
where sediment accumulates. Grady and Milligan
(1998) collected 676 fish by seining in the lower
Missouri River. We collected 57 plains minnow during
the study, but may have collected many more and iden-
tified them only as Hybognathus spp. The small sample
size precluded age and growth analysis.

Adult brassy minnow are sometimes distinguishable
from the plains and western silvery minnow by their
brassy-yellow color, longitudinal stripes on the sides,
and rounded dorsal fin. We collected 142 brassy min-
now in the South Dakota and Iowa segments.

Because these three species were difficult to identify,
our protocol stated that we would report data by species
only if external characteristics for identification were
obvious. We identified about 12,000 specimens as
Hybognathus spp. The total catch distribution was “U-
shaped” in that highest catches were in the upper and
lower river (Figure 28). No fish were found in Segment
12 and few were found in other IR segments. Fish were
captured in high numbers in all macrohabitats except
CHXOs where only eight were collected. About half
were collected in SCCs. Trammel nets and gillnets
were ineffective; about 75% were captured with beach
seines.

In summary, we identified 374 western silvery min-
now, 57 plains minnow, and 142 brassy minnow. Most
western silvery minnow were found in Segments 7, 8,
9, and 10, which again indicates that the segments in
the area of the Yellowstone confluence might support
native fishes better than do other IR segments. Plains
minnow were also found in Segments 7 and 10 but not
in Segment 12 (Table 8). Several plains minnow were
found in the CH zone (Segments /9, 25, 27). Brassy
minnow were most common in Segment 15, and
Segment /9.

Pallid Sturgeon

Pallid sturgeon were caught in Segment 9 (two fish,
Sept. 1998), Segment 10 (August 1997), and Segment
22 (August 1998). Three were caught in ISB and one in
a TRM macrohabitat, two fish each were collected in a
trammel net and trawl (Table A1-8). Capture depth
ranged from 1.7 to 4.8 m. Velocity was 0.5-0.9 m/s
where trammel nets were used and 1.0 m/s where ben-
thic trawls were used. Turbidity was lower (about 30
NTUs) in Segment 9 than in IR and CH segments (444
- 590 NTUs, Galat et al. 2001). Substrate was mostly
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Figure 27. Total catch of freshwater drum over three years (1996-1998) in association with
depth (A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates

(B).
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Figure 28. Total catch of Hybognathus spp. (western silvery minnow, H. argyritis; brassy
minnow, H. hankansoni, plains minnow, H. placitus) in 15 segments of the Missouri River,
1996-1998. Segments 3, 5, and 9 are least-altered segments, Segments 7-15 are inter-reservoir
segments, and Segments /9-27 are channelized segments.
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sandy with some gravel (10-60%) and no silt was noted
at capture locations.

River Carpsucker

River carpsuckers are widespread in the Mississippi
River drainage and do well in both rivers and reser-
voirs. The river carpsucker was studied by students
working on the Benthic Fishes Study (Braaten et al.
2002, Welker 2000, Welker and Scarnecchia 2003).
Welker found that river carpsuckers were more abun-
dant in moderately altered segments than in highly
altered segments (Welker 2000). Adults can grow to 70
cm in length and about 4 kg, but maximum age and
length at age >6 years is positively related to latitude.
About half of the river carpsuckers we collected were
<100 mm long, but we also captured fish in each
length category up to the 600-650 mm category (Figure
17).

River carpsuckers were found in all study segments.
Highest total catches (>1000) were in the Segments 25
and 27 (Table 25), and high seine catch rates (about 6
fish/haul) dominated statistical analyses involving the
CH zone. Most fish were caught with seines (n = 4208)
but electrofishing (n = 1184) also produced substantial
catches in ISBs, SCCs, and SCNs. River carpsuckers
were also commonly found in TRMs, but the C/E val-

10

12

Segment

14 15 17 19 22 23 25 27

ues were much lower than in other macrohabitats.

The ANOVA for seine C/E that included seven seg-
ments, one macrohabitat (i.e., BEND) and two years
(i.e., ANOVA 2, Table A3-9) had no significant seg-
ment effects (P = 0.7). A second ANOVA with seven
segments, one macrohabitat (SCC), but representing
only one year of data did have significant segment
effects (P = 0.0001). For that analysis, the Yellowstone
seine C/E was lower (P < 0.0001) than the C/E in three
CH segments. All possible contrasts between seine C/E
in IR and CH segments agreed that C/E in the CH zone
were greater than those in the IR zone. Contrasts
among LA segments were not possible but seine C/E in
Yellowstone Segment 9 (0.5 fish/haul) was obviously
higher than C/E in the LA segments on the Missouri
River that were too low to be included in the analysis.
Seine C/E above Kansas City (Segment /9) were high-
er than C/E in Segments 25 and 27 downstream from
Kansas City, but this conclusion applied to only SCCs
where an unusual catch of 514 fish occurred in one
seine haul.

The most robust electrofishing ANOVA resulted in
significant segment effects (P = 0.0003, Table A3-9)
and included data from eight segments, three macro-
habitats (BEND, SCC, TRM) and all years, but LA seg-
ments were excluded because of low total catch (Table
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26). Two electrofishing contrasts supported seine data
indicating that C/E was higher in the CH segments than
in the IR segments, but two did not (Table 26). The two
contrasts possible between individual segments showed
that electrofishing C/E was higher in Segment 15 than
in either upstream (14) or downstream (/7) segments.

Trends suggested by segments that were excluded
from analysis because of low total catch indicated that
LA Segments 3 and 5 had fewer river carpsuckers than
did LA Segment 9 and fewer than did IR segments.
Electrofishing C/E in Segment 10 was too low for
analysis so catches in Segment 8 (upstream from the
Yellowstone River confluence) were obviously higher
than in Segment 10. Electrofishing C/E in segments
up- and downstream from three reservoirs indicated
that downstream catches were higher than those
upstream from reservoirs (e.g., Segments 5 <7, 10 <
12, 14 < 15). This trend was also apparent for other
gears (with exceptions), and was opposite that found
for other species for Segments 7 and 12, where catches
downstream were usually lower than those upstream
from the reservoirs.

Fish were captured over a wide range of habitat con-
ditions (Figure 29), and river carpsucker was one of
two benthic fish (also shovelnose sturgeon) that had
significant differences for all mean conditions for sites
with and without fish (Table 16). The analysis of habi-
tat associations was one of the best examples of agree-
ment among catch, macrohabitat, and physical condi-
tions. High catches were recorded in TRM and SCN
macrohabitats where water tends to be slower, warmer
and more turbid and substrate geometric mean tends to
be smaller than in other macrohabitats (Galat et al.
2001). The ANOVA results showed that where river
carpsucker were present, velocity, depth and geometric
substrate mean were significantly less, and water tem-
perature and turbidity were significantly higher than at
locations without river carpsucker (Table 16). Substrate
geometric mean was significantly less for sites with
river carpsucker; gravel and sand proportions were sig-
nificantly less and silt proportions were significantly
more than at sites without river carpsucker.

Stepwise logistic regression (R2 = 0.11) indicated
that the likelihood of presence of river carpsucker
increased with increased water temperature and
decreased velocity. Three factors (depth, turbidity, sub-
strate geometric mean) that were significant when con-
sidered alone in the ANOVA analysis were not included
in the stepwise logistic regression model. Temperature,
which was retained, was significantly correlated with
turbidity, and therefore likely accounted for enough of
the variation that turbidity accounted for by itself to
result in the non-significant turbidity effect in the
model.

In summary, the river carpsucker was widespread
and abundant in shallow, low velocity, silt-dominated
areas. Catches by seining and electrofishing were suffi-
cient for some statistical analysis, but analyses were
limited to one or two years and sometimes only one
macrohabitat. In general, catches were higher down-
stream from reservoirs and in the Yellowstone River,
and lower in IR segments than in other areas.

Sand Shiner

The sand shiner is a small (maximum length about 80
mm) minnow that is widespread in the Missouri River
basin, but more common in tributaries than in the main
channel. All sand shiners in our sample were <100 mm
long (Figure 30). Most were caught downstream from
Gavins Point Dam, mostly in seines (Figure 31). The
C/E for most gears was usually greatest in ISBs, but
catches were occasionally high in SCCs and SCNs.

Catches in seines were insufficient for statistical seg-
ment comparisons. No sand shiners were caught in
Segments 3-10 and catch was too low in Segments 12,
14, 19, 22, and 23 for analysis. However, it was obvi-
ous that catches in Segment 15 were higher than in
other segments and that, in general, catches in the CH
zone were higher than in other zones. Of the 631 sand
shiners caught in seines, 362 were caught in Segment
15 and 157 in Segment 27.

Total catch of sand shiners was highest in tempera-
tures of 22-28°C, temperature was significantly higher
at sites with fish than at sites without, and temperature
was the only variable included in the stepwise logistic
regression as being positively related to the likelihood
of presence of sand shiners. Significant differences in
mean turbidity and substrate size between sites with
and without fish were also found, but these variables
were not included in the model that had one of the low-
est R? values (0.04) of any benthic species (Table 16).
Though mean turbidity was different at sites with and
without fish, turbidity was dropped from the stepwise
logistic regression model, probably because turbidity
was significantly correlated with temperature. In gener-
al, too little of the variability in sand shiner presence
was accounted for to be biologically meaningful. Total
catch patterns (Figure 32) indicated that most sand
shiners were caught in shallow water where mean
velocity was about 0.35 m/sec (Table A4-4) and sub-
strates where proportionally more sand and less silt
than at sites without fish.

In summary, we caught most sand shiners with
seines in ISB, SCC and SCN macrohabitats of the CH
zone. Sand shiner presence sites tended to be warmer,
more turbid, and more sandy than absence sites, but
there were few significant associations between sand
shiner presence and habitat conditions.
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Table 26. Mean catch per unit effort data for river carpsucker by seining (fish/haul) and
electrofishing (fish/min) and list of significant contrasts among segments. LA = least-altered
zone, IR = inter-reservoir zone, CH = channelized zone, AKC = above Kansas City, BKC =
below Kansas City, AL&C = above Lew1s and Clark Lake, BL&C = below Lewis and Clark
Lake (i.e., Segment 15), 15'CHAN = 1%%channelized segment (i.e., Segment /7), YSR =
Yellowstone River. For other contrast results see Table A3-9.

Seinin Electro
General £ Fishing
Segment contrast P value
Contrast P value
Means
Means
Among LA
LA vs. IR and CH YSR LA vs. CH 9vs. 19, 25, 27 ;05'02051
Among IR AL&C vs. BL&C 14 vs. 15 (()) ? O(()) A;
<0.0001
IR vs. CH 7,8,15vs. 19, 25,27  0.16,6.5
0.002
IR vs. CH 12-15vs. 17, 19, 23-27 0.15,0.07
<0.0001
IR W/O BL&C vs. CH 7,8 vs. 19, 25, 27 0.2,6.5
0.0001
IR vs. CH IR W/O BL&C vs. BL&C 12,14 vs. 15 0.07,0.3
<0.0001
IR BL&C vs. CH 15vs. 19, 25,27  0.07,6.5
<0.0001
IR BL&C vs. CH 15vs. 17,19, 23-27 0.3,0.07
0.0001
IR BL&C vs. 1S'CHAN 15vs. 17 0.3,0.09
Within CH AKC CH vs. BKC CH 19vs. 25,27 0.0007

221,5.2
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Figure 29. Total catch of river carpsucker over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Figure 32. Total catch of sand shiner over three years (1996-1998) in association with depth (A),
temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Sauger

The sauger is native to the Missouri River and inhabits
both rivers and lakes. It has been declining in number
since the mainstem dams were closed in the lower
(Hesse et. al. 1993) and upper Missouri River
(McMahon 1999). However, saugers are common in
some lakes (Lewis and Clark, Sakakawea) and in the
recreational fishery (Mestl et al. 2001). Saugers grow
to 700 mm long, and our catch of saugers included
numerous specimens in each size class including the
650-700 size class (Figure 30).

We found a few saugers in all study segments and in
all macrohabitats (Table 27). Most saugers were caught
by electrofishing (346 fish), with much lower total
catch in other gears. The C/E for several gears was
highest in the OSB macrohabitat in the upper river seg-
ments compared to other macrohabitats. Saugers were
commonly caught in drifting trammel nets in CHXO,
ISB and OSB habitats in all segments upstream from
Lake Sakakawea, but rarely caught in these macrohabi-
tats downstream (Table 27).

Significant segment effects (P = 0.004) were found
for electrofishing data in BENDS over all years, and
the few possible contrasts used Segments 3, 5, 10, 14,
15, 17, 22, 23, and 25 (Table A3-10). The electrofish-
ing C/E in the LA segments was higher than the C/E in
either IR or CH segments (Table 28). Trends support
the “reservoir effect” in that catches upstream from
Fort Peck Lake and Lake Sakakawea were higher than
catches downstream, but at Lewis and Clark Lake the
trend was opposite as has been found for several other
species.

We caught saugers over a wide range of depths and
velocities (Figure 33). Silt and sand substrates and tur-
bidity levels (10 — 50 NTU) were dominant conditions
where most saugers were caught. Total catch doubled
when temperatures reached 20°C; mean temperature at
presence sites was 22°C, and was 23°C at absence sites
(Table 16). No other habitat measures were significant-
ly different between presence and absence sites except
that the proportion of sand was significantly less and
the proportion of silt was significantly more at pres-
ence sites than absence sites. Stepwise logistic regres-
sion indicated that the likelihood of sauger presence
increased as temperature decreased, but the R2 was
only 0.01, indicating that most of the variability in the
presence data was not accounted for.

In summary, saugers where widespread but seemed
more common in Segments 3, 5, 7, 8, 9, than further
downstream, a trend confirmed statistically by elec-
trofishing results. Saugers were also somewhat uni-
formly distributed among macrohabitats. There was lit-
tle difference between habitat conditions at presence
and absence sites.

Shorthead Redhorse

This species and seven other sucker species were the
focus of a Ph.D. dissertation written using Benthic
Fishes Study data for segments in Montana and North
Dakota (Welker 2000). He found that shorthead red-
horses were a minor (<1%) part of the sucker catch in
that area. When viewed over all segments that we stud-
ied, the highest catches were in the LA and IR zones
compared to the CH zone (Table 29). The largest fish
we captured were in the 500-550 size class, while all
smaller size classes were well represented (Figure 30).

The shorthead redhorse were distributed throughout
the mainstem, but were most abundant in the LA seg-
ments and Segment 15 (Table 29). We captured about
1,000 fish in all macrohabitats, with highest catch rates
in ISBs, SCCs, SCNs, and OSBs. Only seven fish were
caught by trawling, whereas 67 were caught in gill nets.
Catches in the trammel net (114 fish) and by elec-
trofishing (591) had significant segment effects (P =
0.007 and < 0.0001 respectively). Most shorthead red-
horse were captured in the LA and IR zones, and data
for analysis were limited to segment contrasts in these
two zones (Table 30).

Obviously, the C/E was significantly lower in the CH
zone than in other zones. Higher trammel C/E was
recorded in the Missouri River LA segments (C/E =
0.17 fish/100 m) than in the Yellowstone segment (0.05
fish/100 m). Catches in the LA segments were higher
than those is IR segments for all six possible contrasts
for both gears (Table 30). The catch in Segment 15 was
higher than in other IR segments. While no segments in
the LA zone were eliminated because of insufficient
catch, three or more segments in the IR zone and CH
zone were eliminated. Hence, it was obvious that catch-
es in IR segments 7 and 8 were less than in LA seg-
ments, and that catch declined in Segment 10 that was
downstream from Yellowstone confluence. Catch
upstream from Fort Peck was higher than that down-
stream, but catches upstream from Lewis and Clark
Lake were lower than those downstream (Table 29).

Total catch of the shorthead redhorse in various cate-
gories of physical conditions indicated several trends
that were confirmed by comparison of mean habitat
conditions between sites with and without shorthead
redhorses. Shorthead redhorses were caught over a
wide range of velocities, with a substantial portion of
the total catch at velocities up to 1 m/sec (Figure 34).
Most fish were caught in waters of moderate turbidity
over a mix of substrate categories that included a
noticeable gravel component. Total catch of shorthead
redhorses was highest in waters of shallow to mid-
depths and occurred over a wide range of water tem-
peratures.
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Table 28. Mean catch per unit effort data for sauger by electrofishing (fish/min) and list of
significant contrasts among segments. LA = least-altered zone, IR = inter-reservoir zone, CH =
channelized zone, MOR = Missouri River. For other contrast results see Table A3-10.

Electro
General Contrast Segment contrast Fishing
P value
Means
Among LA
0.005
LA vs. IR 3,5vs. 10,14 0.1, 0.04
LA vs. IR and CH
<0.0001
MOR LA vs. CH 3,5,vs. 17,22, 23,25 0.1, 0.01
Among IR
IR vs. CH
Among CH

Velocity, geometric substrate mean, and proportion
of gravel were significantly higher, and turbidity signif-
icantly lower at sites with shorthead redhorses, com-
pared to sites where the species was not caught (Table
16). Stepwise logistic regression retained turbidity and
substrate geometric mean in the model, but velocity fell
out of the model. However, the R? value of 0.04 indi-
cated that turbidity and substrate size were minor fac-
tors in predicting the liklehood of presence of short-
head redhorse.

In summary, shorthead redhorse were wide spread,
with highest catches in LA segments and Segment 15.
Most were caught by electrofishing in the LA zone
where water was swifter, and clearer, and where sub-
strates were coarser, than at sites where the fish was
not caught.

Shovelnose Sturgeon

The once abundant shovelnose sturgeon populations
have declined (Hesse et al. 1993). It is an important
species because it may be a species that indicates river
health, it hybridizes with the endangered pallid stur-
geon, and it may be a surrogate for smaller sizes of pal-
lid sturgeons (Ruelle and Keenlyne 1994, Bramblett
and White 2002). Our sample of 1447 shovelnose stur-
geons was dominated by specimens that were 400-800
mm long (Figure 30), and was distributed throughout

the mainstem (Table 31). Fish were caught in all
macrohabitats except SCNs (Table 31, Figure

A2-6). Highest C/E values were for trammel nets used
in ISBs (e.g., about 2 fish/100 m), whereas catches of
about 1 fish/100 m occurred in CHXOs, TRMs, and
SCCs. Trends for trammel net catches shifted from
being high in CHXOs and OSBs in LA and IR seg-
ments to being high in SCC and ISB habitats in CH
Segments /7-27.

For statistical segment contrasts, total catch in seines
and by electrofishing was insufficient, but total catch in
trawls (149 fish), gill nets (336 fish), and trammel nets
(951 fish) was sufficient for contrasts. There were no
significant segment effects for trawls or gill nets, but
both ANOVAs for trammel net C/E had significant seg-
ment effects (A3-12). We discuss the most robust
ANOVA (ANOVA2, P = 0.0006), which had 11 seg-
ments, one macrohabitat (BEND), and all years includ-
ed in the analysis. Trammel C/E values were higher in
the Yellowstone segment (C/E = 0.6 fish/100 m) than in
several IR segments (C/E = 0.013 fish/100 m, Table
32). The C/E in IR segments was significantly lower
than the C/E in CH segments, but only three CH seg-
ments were included in the analysis. Two CH segments
had high C/E values (e.g., Segment 22 and 23), and
three had low values (i.e., Segments /7, /9, and 25).
The C/E for shovelnose sturgeon in CH segments
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Figure 33. Total catch of sauger over three years (1996-1998) in association with depth (A),
temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Table 30. Mean catch per unit effort data for shorthead redhorse by electrofishing (fish/min) and
drifting trammel net (fish/100m) and list of significant contrasts among segments. LA = least-
altered zone, IR = inter-reservoir zone, CH = channelized zone, BFTP = below Fort Peck
Reservoir, BL&C = below Lewis and Clark Lake, MOR = Missouri River, YSR = Yellowstone
River. For other contrast results see Table A3-11.

Electro
Trammel .
General Fishing
Segment contrast P value
Contrast P value
Means
Means
Among LA MOR LA vs. YSR LA 3,5vs. 9 0.001
0.17, 0.05
MOR LA vs. BFTP IR 3,5vs.7,8 0.0004
0.17,0.04
LA vs. IR 3,5, 9vs.7,8,14, 15 0.003
0.12, 0.07
LA vs. IR 3,5vs. 10,15 0.0001
LA vs. IR 0.38, 0.1
and CH
MOR LA vs. IR w/o BL&C 3,5vs. 7,8, 14 0.002
0.17, 0.05
MOR LA vs. IR w/oBL&C  3,5vs.7,8,10-14 <0.0001
0.39, 0.01
MOR LA vs. BL&C 3,5vs. 15 0.0009
0.39, 0.19
Among IR IR w/o BL&C vs. BL&C IR 10 vs. 15 0.0035
0.01, 0.19
IR vs. CH

Among CH
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Figure 34. Total catch of shorthead redhorse over three years (1996-1998) in association with
depth (A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates
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Table 32. Mean catch per unit effort data for shovelnose sturgeon by drifting trammel net
(fish/100 m) and list of significant contrasts among segments. LA = least-altered zone, IR =
inter-reservoir zone, CH = channelized zone, AKC = above Kansas City, BKC = below
Kansas City, BFTP = below Fort Peck Reservoir, BL&C = below Lewis and Clark Lake, YSR
= Yellowstone River. For other contrast results see Table A3-12.

Trammel
General Contrast Segment contrast P value
Means
Among LA
YSR LA vs. BFTP IR 9vs. 7,8 0.001
LA vs. IR and CH 0.62,0.13
YSR LA vs. IR w/o BL&C 9vs.7,8,10,12 0.002
0.62,0.19
IR vs. CH 7,8,10,12,15 vs. 22, 23, 27 0.002
IR vs. CH 0.19, 0.45
IR w/o BL&C vs. CH 7,8,10,12 vs. 22, 23, 27 0.003
0.19, 0.45
Among IR
Among CH AKC vs. BKC 22vs. 23,27 0.005
0.77,0.31

upstream from Kansas City (mean = 0.77 fish/100 m)
was greater than the C/E for segments downstream
(mean = 0.3 fish/100 m). Total catches in Segment 14
upstream from Gavins Point Dam were too low to
include this segment in the analysis, so C/E in Segment
14 were obviously lower than the C/E in Segment 15
downstream from Gavins Point Dam.

Most shovelnose sturgeon were caught at depths of
1-7 m, but some were captured in water of 13-14-m
(Figure 35), and depth was identified by ANOVA and
stepwise logistic regression as significant to the pres-
ence of this species. Total catch was much higher
where sand dominated the substrate, which agreed with
the results of the ANOVA that showed larger substrates
at sites where fish were caught compared to where
there was no catch (Table 16). The velocity range asso-
ciated with the total catch was dome-shaped with the
center in the 0.6-0.8 m/sec category, and the mean at
presence sites was 0.6 m/sec compared to an mean of
0.3 m/sec at sites without shovelnose sturgeon. Total

catch tended to be higher in higher temperatures but
there was no significant difference in mean tempera-
tures at presence and absence sites. Total catch was
spread over a wide range of turbidity levels. Unlike
many species, some shovelnose sturgeon were caught at
turbidities in the 500-1000 NTU category, and about as
many in the <10 NTU category.

Stepwise logistic regression indicated that the likeli-
hood of shovelnose sturgeon presence increased with
depth and velocity, and the model had one of the higher
R2 values (0.27) obtained for any species (Table 16).
Substrate geometric mean and turbidity were signifi-
cant when considered alone in the ANOVA but dropped
from the model because of significant correlations with
velocity (substrate mean), or perhaps the effect was
marginal (turbidity).

In summary, shovelnose sturgeon data were impor-
tant because of their close relationship to the endan-
gered pallid sturgeon. Shovelnose sturgeon were com-
mon and widely spread but many planned contrasts
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Figure 35. Total catch of shovelnose sturgeon over three years (1996-1998) in association with
depth (A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates
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were not posisble because of low total catch, or were
not significant. In general, C/E was lower in the IR
zone than in the LA or CH zones, and most of the
catch was by drifting trammel nets (64% of catch) used
in macrohabitats with higher water velocity than other
macrohabitats. Catch was positively associated with
velocity, depth, turbidity, and substrate size.

Sicklefin Chub

The sicklefin chub is listed by several states as imper-
iled, and has a G3 conservation status (NatureServe
2003). It may be more abundant than previously
thought because the new methods of bottom trawling
seem to be more effective than gears used in previous
studies (Grady and Milligan 1998). The ecomorpholo-
gy, habitat associations, and catch rates of the sicklefin
chub were presented in Ph.D. dissertations done con-
currently with our study (Dieterman 2000, Welker
2000, Welker and Scarnecchia 2004).

The sicklefin chub grows to about 110 mm long,
and all of the 704 fish that we collected were in this
size range (Figure 30). The total catch showed a “U-
shaped” distribution with most fish in the LA and
lower CH segments (Figure A2-7). Sicklefin chubs
were usually collected in the benthic trawl in all macro-
habitats except SCN (Table 33). Three gears (trammel
net, electrofishing, gill net) caught no fish. The benthic
trawl catch data were suitable for analyzing C/E for
BEND and SCC for all years among Segments 5, 8, 9,
10, 25, and 27.

In general, the ANOVA results (Table 34) confirmed
that C/E was higher in LA segments than in altered
segments (IR or CH). The high C/E in Segment 5 was
important for contrasts between this segment and
selected IR and CH segments. Segments 8 and 10
upstream from Lake Sakakawea had higher C/E than
did other IR segments (Table 34). The C/E downstream
from the Yellowstone River confluence was higher
(Segment 10, C/E = 0.4 fish/100 m) than the catch
above in Segment 8 (C/E = 0.14).

Some statistical comparisons were not made because
total catch was insufficient in several segments in the
IR and CH zones. However, it is obvious that the high
C/E in Segments 5 and 9 would be significantly higher
than the average catch in the IR and CH segments (e.g.,
Segment 9 vs. Segments 7 and 8). Additionally, seg-
ments downstream from two reservoirs (Fort Peck,
Segment 7; Lake Sakakawea, Segment 12) could not be
included in the analysis because of low total catch in
trawls, so obviously C/E that ranged from 0.4 to 0.5
fish/100 m in segments upstream from the reservoirs
were higher. Finally, total catch in trawls in CH seg-
ments upstream from Kansas City was too low to com-
pare these segments with segments downstream from

Kansas City, but it was obvious that the C/E down-
stream (Segments 25, 27) was greater than that from
upstream segments (Table 33).

We captured sicklefin chubs over a wide temperature
(14-30°C) and turbidity range (10-500 NTU) over sub-
strates dominated usually by sand and gravel. Sicklefin
chub were associated with higher velocities (0.4-1.2
m/s) than most other benthic species, and were fre-
quently found at depths of 1-4 m (Figure 36). Logistic
regression indicated that the likelihood of presence of
the sicklefin chub increased with increased water
velocity and depth, and decreased temperature (R2 =
0.34). There was a significant positive correlation
between water velocity and depth, but both factors
were important enough to be retained in the model.

Mean velocity, depth , and substrate geometric mean
were greater, and mean temperature lower at sites with
fish compared to sites where fish were not caught
(Table 16). Substrate geometric mean was significantly
greater (2.1 mm) where sicklefin chub were present
compared to absence sites (1.2 mm). Sand appeared to
be common in proportion to total catch (Figure 36), but
differences in the mean proportions of gravel, sand, and
silt were similar at presence and absence sites (Table
16). Our findings agree with those from the
Yellowstone River area, where the presence of sicklefin
chub increased with increasing depth and velocity
(Everett 1999).

In summary, the sicklefin chub was more vulnerable
to the benthic trawl than to other gears. It is found in
all macrohabitats except SCN. While it was common in
CHXO and OSB in the LA segments, it is rarely found
in these habitats in CH segments. The C/E contrasts
and trends among segments indicated that catch was
higher in the LA zone than in other zones, and higher
upstream from two of three reservoirs. Catch rates
increased below Kansas City. The likelihood of pres-
ence increased with velocity and depth and decreased
with temperature.

Smallmouth Buffalo
The species typically inhabits large rivers, frequenting
deep, clear, warm-waters with a current, but is also
found in backwater areas and reservoirs (Edwards and
Twomey 1982a). It is, therefore, not surprising that we
found this species in every segment. Detailed studies of
its distribution, catch rate and diet were done as part of
the Ph.D. research associated with the Benthic Fishes
Study (Welker 2000). Individuals can reach 1000 mm
in length, but the largest fish that we collected were in
the 700-750 size class (Figure 30).

The C/E for all gears was nil in CHXO and OSB
macrohabitats (Figure 37). Only one fish was caught in
the benthic trawl and 23 in the drifting trammel net.
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Table 34. Mean catch per unit effort data for sicklefin chub by benthic trawl (fish/100m) and list
of significant contrasts among segments. LA = least-altered zone, IR = inter-reservoir zone, CH
= channelized zone, ASAK = above Lake Sakakawea, BFTP = below Fort Peck Reservoir,
BL&C = below Lewis and Clark Lake, FTP = segments between Fort Peck Dam and YSR
confluence, MOR = Missouri River, YSR = Yellowstone River. For other contrast results see

Table A3-13.
Trawl
General Contrast Segment contrast P value
Means
Among LA MOR LA vs. YSR LA 5vs. 9 <0.0001
0.8,0.28
MOR LA vs. FTP IR S5vs. 8 <0.0001
0.8,0.14
LA vs. CH 5,9vs. 25,27 0.0003
LA vs. IR and CH 0.5,0.21
LA MOR vs. CH S5vs. 25, 27 <0.0001
0.8,0.2
MOR LA vs. IR w/o BL&C S5vs. 8,10 0.0005
0.8,0.25
Among IR IR BFTP vs. ASAK IR 8vs. 10 0.003
0.14,0.4
IR vs. CH
Among CH

Electrofishing caught the most fish (216) while gill
nets and seines captured 98-131 specimens each.
Analyses of data from trammel nets, beach seines, gill
nets, and electrofishing was possible, but there was no
significant segment effect for any of the four gears (P >
0.17, Table A3-14).

Our highest catches were upstream from Lake
Sakakawea in Segments 8 and 10, but identifying
trends in the C/E by segment was difficult because of
the low total catch. Few smallmouth buffalo were cap-
tured in Segment 9, so any contrasts with this segment
were obvious (e.g., catch in Segments 3 and 5 were
greater than those in Segment 9). Half of the IR seg-
ments were excluded from analysis of electrofishing
C/E, whereas only one CH segment was excluded, so

the general trend was that C/E was lower in the IR
zone, and especially low in Segment 12 downstream
from Garrison Dam. For Lewis and Clark Lake catch
was higher in Segment 15 (below) than in Segment 14
(above).

Total catch was highest in shallow waters where
velocities were low and silt dominated the substrate
(Figure 38). This general pattern was supported by
ANOVA that showed lower water velocity and finer
substrate sizes at sites with fish compared to sites
where no fish were caught (Table 16). About half of the
fish were captured where turbidity was 10-50 NTUs,
and average turbidity at presence and absence sites was
similar (46 NTUs). Most fish were caught at tempera-
tures in the 20-30°C range. Temperature was signifi-
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Figure 36. Total catch of sicklefin chub over three years (1996-1998) in association with depth

(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Figure 38. Total catch of smallmouth buffalo chub over three years (1996-1998) in association
with depth (A), temperature (B), turbidity (C), velocity (D), and percent of catch over four

substrates (E).
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cantly higher at presence sites (23°C) than at absence
sites (22°C), but temperature was not retained in the
stepwise logistic regression model predicting the likeli-
hood of presence of smallmouth buffalo. Stepwise
logistic regression indicated that the likelihood of pres-
ence of smallmouth buffalo increased with decreased
water velocity and substrate geometric mean, but with
an R2 of 0.05, the information has little biological sig-
nificance.

In summary, smallmouth buffalos were collected by
all gears, especially electrofishing, and although wide-
spread, the species was not particularly abundant in our
samples. It was rarely found in high velocity habitats
(e.g., CHXO, OSB) and usually found in TRMs and
SCNs where velocity and turbidity were low and silt
percentage and temperature were high. No segment
contrasts were significant and too few fish were caught
to show meaningful trends, except possibly that catches
were lower in the IR segments than in the LA and CH
segments, and lower in Segment 12 downstream from
Garrison Dam than upstream.

Stonecat

The stonecat takes refuge between stones or beneath
litter and is therefore difficult to capture so it is may be
more common than indicated by the 342 fish that we
caught. The largest species of the Noturus genus, the
stonecat can reach 230 mm in length, and our sample
spanned this range (Figure 39).

The stonecat was present in all segments, except
Segment 12. Highest catches were in the LA zone and
in OSBs (Figure 40). This species was one of the few
species that was abundant in OSB macrohabitat, but it
was also found in other macrohabitats. Seventy-six per-
cent were caught in the trawl but no statistical analysis
was possible for the trawl data because of the dispro-
portionately higher catch in Segments 5 and 9. There
were no significant segment effects for electrofishing
data (P > 0.57, Table A3-15). Obviously, catch rate in
the LA zone was higher than in other zones. Catches
above Fort Peck Lake and Lake Sakakawea were higher
than those below. In general, higher catch rates in the
area of the Yellowstone confluence (Segments 9, 8, and
10) were higher than further upstream (Segment 7) or
downstream (Segment 12).

Total catch was associated with a broad depth and
velocity range (Figure 41) that included some of the
deepest depths recorded (e.g., 11-12 m) and swift
velocities (1.8-2.0 m/sec). Total catch occurred over a
broad range of turbidity levels. The temperature pattern
associated with total catch was somewhat bi-modal
with high catches at 20-22°C and at 24-26°C. Substrate
usually included about 20% gravel and cobble but was
made up of more sand (56%) than silt (16%). These

patterns were confirmed by one-way ANOVA of mean
habitat conditions at sites with and without stonecat,
which indicated that velocity, depth, and coarse sub-
strate percentages were significantly higher for loca-
tions with stonecat (Table 16). Stepwise logistic regres-
sion also indicated higher velocities as associated with
the likelihood of stonecat presence (R2 = 0.15). Depth
was significant when considered alone, but it fell out of
the stepwise regression model, probably because depth
was significantly correlated with velocity (40% of the
variation that depth accounted for was also accounted
for by velocity).

In summary, the stonecat was widely distributed but
more abundant in the upper (LA segments and Segments
7 and 8 of the IR zone) than in the CH zone segments.
However, segment contrasts were not possible, or were
insignificant (electrofishing). Stonecat were caught in
all gears, but was most vulnerable to trawling in macro-
habitats such as CHXO, OSB, ISB, and SCC. Stonecat
were usually found in coarse substrates and in deep
water where water velocity was high.

Sturgeon Chub

The sturgeon chub is thought to be declining through-
out its range (Everett 1999, Galat et al. 2005). This
small minnow is caught by seining in riffles in tributar-
ies to the Missouri River in the Dakotas (e.g.,
Cheyenne River, Hampton and Berry 1997) and by
trawling in the lower Missouri River main channel
(Grady and Milligan (1998). The association of the
sturgeon chub with various macrohabitats and a com-
parative niche analyses among species were part of a
Ph.D. Dissertation done by a student with the Benthic
Fishes Study (Welker 2000).

We collected sturgeon chubs in 12 segments; most
were collected in Segments 3 through 10 and none in
IR Segments 12, 14, and 15. Most fish were caught in
CHXOs, OSBs, and ISBs, but occasionally high catch-
es were also made in TRM and SCN. The benthic trawl
captured 95% of the fish and for trawl data there was a
significant segment effect (P < 0.0001). However, seg-
ment contrasts were limited to a few segments in the
upper mainstem (e.g., 5, 9, 8) for BEND and SCC data
(Table 35). The high catch in Segment 9 dominated the
analyses, and greatly influenced ANOVA results.
Although catches in Segment 5 were lower than those
in Segment 9, catches in both segments were higher
than those in Segment 8 (P =< 0.0001) and in other
segments where catches in either Segment 9 or 5 were
higher than those in Segment 8.

Statistics were not needed to determine that catches
in the LA zone were greater than those in the IR and
CH zones. It was obvious that C/E was higher above
Fort Peck Lake than below (Segment 7), and higher
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Figure 41. Total catch of stonecat over three years (1996-1998) in association with depth (A),
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temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Table 35. Mean catch per unit effort data for sturgeon chub by benthic trawl (fish/100m) and list
of significant contrasts among segments. LA = least-altered zone, IR = inter-reservoir zone, CH

= channelized zone, BFTP = below Fort Peck Reservoir, BL&C = below Lewis and Clark Lake,
MOR = Missouri River, YSR = Yellowstone River. For other contrast results see Table A3-16.

Trawl
General Contrast Segment contrast P value
Means
Among LA MOR LA vs. YSR LA 5vs. 9 0.008
1.4,2.2
LA vs. IR 5,9vs. 8 0.0001
1.8,0.3
YSR LA vs. IR BFTP 9vs. 8 <0.0001
LA vs. IR and CH 2.2,0.3
MOR LA vs. IR W/O BL&C S5vs. 8 <0.0001
1.4,0.3
YSR LA vs. IR W/O BL&C 9vs. 8 <0.0001
2.2,0.3
Among IR
IR vs. CH
Among CH

upstream from the Yellowstone confluence (Segment 8)
than below. The Yellowstone River catches were quite
high (total catch = 1,835 fish, trawl C/E = 2.2 fish/100
m), and similar catches were not found in the Missouri
River segments (i.e., Segments 8 and 10) near the con-
fluence (Figure 42). Although both Segments 10 and 12
were withheld from analysis, 32 fish were caught in
Segment 10 whereas none were caught in Segment 12,
thus supporting the trend that catches downstream from
Lake Sakakawea were generally lower than catches
above.

Catch trends across physical habitat categories indi-
cated that the sturgeon chub was associated with sandy
substrates with more gravel than silt (Figure 43). Most
sturgeon chubs were captured in 1-4 m depths where
velocity was relatively high (dome shaped pattern with
peak at 0.6-0.8 m/sec). Mean velocity was higher (0.6
m/sec) at sites with fish than at sites without (Table
16). Total catch had a bi-modal distribution over the
temperature range, with most fish caught in the 20-
26°C range; mean temperatures at sites with and with-

out fish were similar (Table 16). About half of the
catch was in water where turbidities were 10-50 NTUs,
with the remainder of the catch distributed among other
turbidity categories. Where sturgeon chub were cap-
tured, silt was significantly less and substrate geometric
mean size was significantly higher than at sites without
fish.

The stepwise logistic regression model (R2 =0.25)
indicated that the likelihood of presence of sturgeon
chub increased with increased water velocity and
increased depth, but left geometric substrate mean out,
probably because it was marginally important (P =
0.048, Table A4-5). Velocity and depth were correlated.

In summary, the high catch of sturgeon chubs was
unexpected because of reports about their declining sta-
tus. They may be declining in the lower mainstem
because most of the specimens we collected were in the
LA and upper IR segments. We collected most fish in
the trawl in deep (<3 m) and swift (0.6 m/sec) water
conductions over sand and gravel substrates.
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Figure 43. Total catch of sturgeon chub over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Walleye

The walleye is a popular game fish that inhabits the
reservoirs and main channel of the Missouri River and
is stocked in Missouri River reservoirs. The walleye
was included in the benthic fishes assemblage because
it is associated with deep-water substrates near steeply
sloping banks or bars, and spawns over rocky sub-
strates. Large adults reach about 800 mm in length and
we captured some in this size range (Figure 39). Our
sample included some fish in each size class except the
smallest (0-50 mm). We caught walleyes in all macro-
habitats except CHXO (Figure 44).

Walleyes were distributed among all study segments,
but the catch in CH segments was relatively low for
total catch and C/E (Figure 44). Total catches in the CH
segments was low, so these segments were excluded
from analysis. Most fish were caught by electrofishing
(271 fish caught) but segment effects were not found
(P > 0.29, Table A3-17). Trends were obvious for sever-
al contrasts, for example, the catch of walleye was
greater in the LA and IR segments than in CH seg-
ments, and the higher walleye catch in Segment 12 than
in Segment 10 was a rare case of catches downstream
from Lake Sakakawea being higher than those
upstream.

Catch of most walleyes was at moderate depths and
low velocities (Figure 45). Most walleyes were caught
in a 10-degree temperature range (18-28°C) an where
turbidity was 10-50 NTU. The ANOVA results indicat-
ed that velocity was slower, and temperature and tur-
bidity higher at sites with walleyes than at sites where
walleyes were not caught (Table 16). Mean depth at
presence and absence sites was similar (1.5 m).
Stepwise logistic regression indicated that the likeli-
hood of walleye presence was increased with increased
temperature and decreased water velocity (R2 =0.05).
Substrate geometric mean and turbidity were signifi-
cant when considered alone, but fell out of the regres-
sion model, perhaps because of correlations with tem-
perature (turbidity) and velocity (proportion of silt).

In summary, the walleye was a fish of the IR and LA
segments, but catches were too variable and small to
determine trends in C/E or make planned segment
comparisons. Representatives of all size classes were
captured. Walleyes were caught in all gears but were
especially vulnerable to electrofishing and gill netting
in TRMs, SCCs, and SCNs where velocity was lower,
temperature higher, and substrate size was smaller than
at sites where walleye were not caught.

White Sucker

This species is widespread and common in rivers and
lakes in the Mississippi River basin, but was absent in
our samples from the CH zone (Figure 46). The species
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reaches 450 mm and may live 15 years, but we caught
a few that were larger than expected (e.g., 500-550 size
class). Small fish dominated our catch, but there were
specimens in each length class (Figure 39). A Ph.D.
project by Welker (2000) included detailed analyses of
diet and distribution, especially in Segment 12 where
they were very abundant compared to other upper basin
segments.

White suckers have been labeled “generalists”, but
optimum stream habitat depends on life stage, in that
white suckers make upstream spawning runs to rocky
areas, eggs incubate in clean gravel, and fry drift down-
stream (Twomey et al. 1984). We found white suckers
in all macrohabitats, but had high C/E values in ISBs
and SCCs (Figure 46). There was an unusual distribu-
tion of total catch in that 337, 223, and 1304 white
suckers were caught in Segments 7, 8 and 12 respec-
tively. Most white suckers were caught with the beach
seine. Because of the unusual catch distribution, no sta-
tistical analyses were possible for the seine or any other
gear. The only obvious general trend in seine C/E was
the higher abundance in IR segments 7, 8, and 12, than
in other nearby segments (e.g., 5, 9, 10).

Most fish were caught in shallow areas (Figure 47)
with low velocities when water temperatures were
<20°C, but there were no differences for the measured
habitat conditions between sites with and without white
suckers (Table 16). Stepwise logistic regression indicat-
ed that the likelihood of presence of white sucker
increased with decreased water temperature and depth
(R2 =0.05).

In summary, the white sucker was absent from the
CH and the uneven catch and distribution made seg-
ment comparisons impossible. Most fish were caught
in beach seines, which may explain the preponderance
of small fish in the sample. Habitat associations were
weak but generally, catches were in shallow, slow, clear
water over sand and silt substrates.

Nonindigenous Species
Nonindigenous species are those species that are exotic
or introduced. Exotic species are from outside of North
America, whereas introduced species are from outside
of the Missouri River basin. We did not list as non-
indigenous those species that were native to part of the
Missouri River drainage, but had expanded into our
study area. Four warmwater exotics were found: two
species of Asian carp, common carp and goldfish
(Table 36). All Asian carp (e.g., grass carp, bighead
carp) were found downstream from Gavins Point Dam.
The brown trout is also an exotic; one was one found in
Segment 3.

Coldwater species were Chinook salmon, brown
trout, and rainbow trout, and whitefish, all found in
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Figure 45. Total catch of walleye over three years (1996-1998) in association with depth (A),
temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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Figure 47. Total catch of white sucker over three years (1996-1998) in association with depth
(A), temperature (B), turbidity (C), velocity (D), and percent of catch over four substrates (E).
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segments in Montana (Table 36). Cisco (lake herring)

and lake whitefish were found in Montana segments

and downstream from Garrison Dam in North Dakota
(Segment 12). Seven other introduced species were

cool- or warm-water species. Striped bass were few (n

= 18) and found only in Missouri (Segments 25 and

27). Muskellunge and rock bass were found in North

and South Dakota. We collected 227 mosquitofish in

the Missouri portion of the river (Segments 23-27).

E OF BENTHIC FISHES, VOL 3

Other Species

The 65 other species included a group of incidental
species (<10 caught), a group of more commonly
caught species with limited distribution, and a group
that were common and widely distributed in at least
two zones. None of the 28 incidental species (Table 37)
have ever been common or widespread in the Missouri
River mainstem, which is on the edge of their range
(Lee et al. 1980). An exception was the yellow bull-

Table 36. Number of exotic and introduced fish species, including salmonids, caught each year
of the Benthic Fishes Study in the riverine portions of the Missouri River from Montana to
Missouri. Native range comments are from Page and Burr (1991) and Lee et al. (1980).

Comment and segment

Species 1996 1997 1998 Total number where found
Exotic species

Common carp 481 1,235 1,321 3,037  ubiquitous

Grass carp 3 10 3 16 19 downstream

Bighead carp 3 0 19 22 19 downstream

Goldfish 0 0 5 5

Brown trout 0 0 1 1 5

Introduced cool and warm water species

Spottail shiner 257 100 136 493° 19 upstream
Mosquitofish” 7 115 105 227 23-27 (MO)
Rainbow smelt 6 17 0 23 6,12,14,15, 25
Rock bass® 2 14 6 22 14,15
Striped bass 12 6 0 18 25,27
Muskellunge? 0 1 0 1 12 (ND)
White perch 2 0 0 2 19

Introduced coldwater species
Cisco® 13 8 3 24 6,7,12 (Mt, ND)
Rainbow trout 6 4 11 21 3,7 (Mt)
Chinook salmon 0 1 0 1 7 (Mt)
Lake whitefish 0 2 0 2 8 (Mt)

*Native to upper Mississippi River south to Iowa.
ative to central Mississippi River basin south.

“Also called lake herring, native to upper Mississippi River basin south to Minnesota and Illinois.
ative to Mississippi River Basin but not the Missouri River Basin

€121 spottail sampled in Segments 4 and 6 in 1996.



head, which has been widely reported from Missouri to
North Dakota, and which we also found over this
range. We found 24 species (Table 38) that were more
common, some with distributions that were restricted to
either the upper (e..g., mottled sculpin, longnose suck-
er, longnose dace) or lower river (e.g., spotted bass,
skipjack herring, bullhead minnow.

Thirteen species were found in more than six seg-
ments and usually in each zone (Table 39). The goldeye
was common at every segment. White and black crap-
pie, northern pike, and smallmouth bass are natives that
have been widely stocked and are now common in the
IR and LA segments. Green sunfish and shortnose gar
are natives, but are more abundant in the lower river
than in the upper. Spottail shiner, yellow perch, and
black bullhead were not found in the last 5 downstream
segments (Segments /9-27).

Summary of Zone and Segment Contrasts

Catches of five species (bigmouth buffalo, burbot, sand
shiner, white sucker, pallid sturgeon) were too limited
for any statistical analysis of the planned segment con-
trasts. A few species (e.g., blue catfish, flathead cat-
fish) were found only in one or two zones in our study
so data from these species were not useful for zone
contrasts, but were useful for certain segment contrasts.
Overall, data from 18 species were useful for address-
ing the 22 planned contrasts (Tables 40 and 41).

A summary of the individual species data for each
planned contrast indicates that possible contrasts were
more likely when data from several segments were
involved (e.g., zone contrasts D, E, F, Table 41) than
when the contrast was between only two segments
(e.g., upstream compared to downstream from a dam,
contrasts H, S, T, Table 41). For some species, data
from only one gear were useful (e.g., sturgeon chub,
benthic trawl C/E) and therefore there were 22 possible
tests for segment differences for that species (Table
40). Data from as many as four gears was useful for
some species (e.g., channel catfish, electrofishing, gill
net, seine, benthic trawl), and therefore the total num-
ber of possible tests for segment differences was 88 for
the channel catfish. A total of 924 tests were possible
for the 18 species, depending on how many gears pro-
vided useful data for analysis.

Much of the data did not meet our data filter criteria,
so 478 possible contrasts were not performed (Table
40). However, some of these contrasts were not per-
formed because patterns in the data were obvious (zero
catch). In the discussion section we summarize overall
trends among segments by combining the obvious
“trends” with the possible statistical contrasts. Of the
446 possible contrasts, 85 were significant. Common,
widespread species (e.g., channel catfish, freshwater

FISH DISTRIBUTION AND ABUNDANCE 109

drum, river carpsucker, shorthead redhorse) had more
statistically significant results throughout the study
area than did species with limited distributions (Table
40). Five species had adequate data for contrasts, but
no contrasts were significant (blue catfish, fathead
minnow, smallmouth buffalo, stonecat, walleye).

Summary of Habitat Associations

The CCA ordination plot summarizes the general
trends for benthic fishes at the segment scale (Figure
48). Segments in the LA zone, and Segment 10 just
downstream from the confluence of the Yellowstone
River are grouped with sturgeon chubs, sicklefin chubs,
flathead chubs, burbot, sauger, and other fish that were
found in abundance in the LA zone. Segments 7, 8, and
12 grouped together with the species that tended to
have high catch rates in the IR zone (e.g., white sucker,
bigmouth buffalo, walleye, fathead minnow). Segments
14-27 grouped with the fishes that were abundant (e.g.,
channel catfish, emerald shiner) or only found in the
lower IR and CH zone segments (e.g., flathead catfish,
blue catfish, sand shiner).

All macrohabitats were used by one or more species
and all species were common in three or more macro-
habitats. Channel catfish was the only species com-
monly found in abundance in all macrohabitats. All
benthic species were subjectively judged as abundant in
ISB and SCC macrohabitats. In SCNs, 68% of the ben-
thic fish species were abundant, 63% in TRMs, 45% is
OSBs and 23% in CHXOs. Three of the four pallid
sturgeon were captured in ISBs.

The ordination plot (Figure 49) shows a summary of
the species associations at the macrohabitat scale. The
four macrohabitats were widely separated from one
another with the slow-water macrohabitats (i.e., SCN
and TRM) grouped together. Fishes (e.g., bigmouth
buffalo, smallmouth buffalo, sauger, walleye, freshwa-
ter drum) associated with silt substrates and slow
velocity conditions were grouped with SCNs and
TRMs. In the high-velocity BEND habitat were fishes
with the highest catch rates and total catch in OSBs
and CHXOs, such as shovelnose sturgeon, sicklefin
chub, blue sucker, sturgeon chub, and flathead catfish.

Of the physical habitat characteristics (i.e., water
temperature, velocity, depth, conductivity, turbidity,
substrate composition and size), from one to four char-
acteristics were significant in the logistic regression
models for each species, except the fathead minnow.
The fathead minnow had no significant habitat associa-
tions. Most associations were weak as most R2 values
ranged from 0.006 to 0.36 (Table 42). Velocity, temper-
ature, and depth were physical habitat variables that
most often (9-13 times) entered regression models that
distinguished between presense and absence sites in
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Table 37. Total catch of incidental (<10 individuals) species caught during the Benthic Fishes Study
of the Missouri River, 1996-1998. Montana- Yellowstone (YS) segments (3, 5, 9) are in the LA;
segments 7, 8, 10, 12, 14, 15 are in the IR; lowa-Missouri segments (17, 19, 22, 23, 25, 27) are in
the CH. Segment 15 is blocked upstream by a dam, but is open downstream. YSR = Yellowstone
River.

Missouri River Segment

MT MT YSR MT MT ND ND SD SD IA TA-KS MO MO MO MO

Common name 3 5 9 7 8 10 12 14 15 17 19 22 23 25 27 Total

Lake chub 1

Pearl dace 1

N. redbelly dace 1

Brook stickleback 1 1

Banded killifish 4

Yellow bullhead 1 1 3 1

Grass pickerel 1

Highfin carpsucker 1 1 |
River redhorse 1 1

Northern hogsucker 1
Threadfin shad 1
Bigeye shiner

Silverband shiner

Slender madtom

Tadpole madtom

Black buffalo

Logperch 1
Largescal. stoner.

Longear sunfish

Chestnut lamprey

Lake sturgeon

Spotted gar

Yellow bass

Striped shiner

Bowfin

Common shiner

Freckled madtom 8

—_—

N = = =
—_ = NN =N R

N — = W
O N = = N = NN = N WD N = = DN W = = DN W — BN =

Total 1 0 1 1 3 1 5 0 2 4 3 9 1 16 25 82

* Ghost shiners (2) probably another species
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Table 39. Total catch of widely distributed fish species caught during the Benthic Fishes Study of
riverine portions of the Missouri River, 1996-1998. Montana-Yellowstone (YS) segments (3, 5, 9)
are in the LA zone; segments 7, 8, 10, 12, 14, 15 are in the IR zone; lowa-Missouri segments (/7,

19,22, 23,25, 27) are in the CH zone.

Species MT MT YSR MT MT ND ND SD SD IA TA-KA MO MO MO MO

Total
3 5 9 7 8 10 12 14 15 17 19 22 23 25 27

Yellow perch 2 58 13 26 7 23 492140 7 768
Black bullhead 2 5 1 5 2 15
Smallmouth bass 1 2 19 147230 5 404
Creek chub 29 5 30 1 2 67
Paddlefish I 1 1 2 2 2 9
Golden shiner 4 1 1 55 1 4 66
Green sunfish 7 1 11 16 2 4 65 64 13 21 204
Shortnose gar 1 1 9 44 30 58 105 125 93 138 604
Black crappie 9 137 3 2 17 10 2 4 7 1 6 198
Northern pike 13 38 44 58 60 86 12 17 17 4 3 1 353
White crappie 23 69 52 3 66229 92538 4 15 21 5 18 6 1474
Goldeye 136 327 606 445 774 452 61 56 188319 112 68 77 132 83 3836
White Bass 8 1 40 197 14 20 46 75 43 65 514
either a positive or negative relation depending on (Figure 50). Silt separated about 180 degrees from
species. Conductivity, geometric means, and turbidity sand, gravel, and velocity vectors as expected. Fishes
were used in 7, 6, and 2 models respectively. associated with silt substrates, and with TRM and SCN

An example is the blue catfish: the likelihood of macrohabitats presented above (Figure 49) grouped
presence increased with increased velocity, depth, and along the silt vector. Nine species (e.g., walleye, fat-
temperature and decreased turbidity (R2 = 0.34) com- head minnow, emerald shiner, bigmouth buffalo) were
pared to absence sites. To place quantitative values on found over substrates dominated by silt. When the per-
these features one must inspect the total catch bar charts centage of gravel and sand was correlated with veloci-
to find the range of habitat conditions where the species ty, the association was always positive, as illustrated by
was found, and then find the mean condition at presence the ordination plot. The stonecat, sturgeon chub, bur-
sites. In the case of the blue catfish, most fish were bot, and other species that were generally associated
caught where velocity ranged from 0.2-1.0 m/s. However, with BENDS (Figure 49) were grouped with the sand,
the mean velocity at presence sites was 0.47 m/sec. gravel, and velocity vectors (Figure 50). Most species
Total catch was distributed over depth categories from were caught in water depths of <3 m, but some were
the 0-1 m category up to the 12-13 m category, and the also caught at depths to 14 m (e.g., blue catfish, flat-
mean depth where blue catfish were caught was 2.6 m. head catfish, freshwater drum, shovelnose sturgeon,

An ordination plot provides an approximate synthe- blue sucker) and these species generally grouped in the

sis of the results of the habitat association information quadrant with the temperature and depth vectors.
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Table 40. Total possible outcomes for statistical tests of catch/effort of benthic fishes for
5 gears that captured a sufficient sample for making 22 planned contrasts (Table 41 lists
contrasts) among Missouri River segments.

Fishine cears Number Number Number not  Total
Species £& significant  insignificant possible
Blue catfish Trawl 0 1 21 22

Trammel,
Blue sucker electro. 0 25 19 a4
. Electro, gill net,
Channel catfish . 10 27 51 88
Seine, trawl

Common carp Electro, gill net 6 23 15 44
Emerald shiner Seine, electro 3 16 26 44
thhead Electro 0 3 19 2
minnow
Flathead catfish Electro 3 1 18 22
Flathead chub Electro, seine 9 28 44
Freshwater Trawl, §lectro, 1 7 48 66
drum seine
River Elect‘ro, seine, 1 19 36 66
carpsucker gill net

Electro, seine,
Sauger trawl, gill net 3 47 38 88

Electro,
Shorthead trammel, 9 51 28 88
redhorse seine, gill net
Shovelnose Trammel, gill 5 36 75 66
sturgeon net, trawl
Sicklefin chub Trawl 7 6 9 22
Smallmouth G11} net, electro, 1 47 45 23
buffalo seine, trammel
Stonecat Electro 0 10 12 22
Sturgeon chub Trawl 7 0 15 22
Gill net, electro,
Walleye seine 0 40 26 66
Total 85 361 478 924
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Figure 48. Ordination plot for partial CCA of benthic fishes species with 15 Missouri River
segments. Vectors show segments but segment numbers are moved to the box for clarity. Symbol
shows species location in the plot. BMBF = bigmouth buffalo, BLCF = blue catfish, BUSK =
blue sucker, BRBT = burbot, CNCF = channel catfish, CARP = common carp, ERSN = emerald
shiner, FHCB =flathead chub, FHCF = flathead catfish, FHMW = fathead minnow, FWDM =
freshwater drum, RVCS = river carpsucker, SNSN = sand shiner, SGER = sauger, SHRH =
shorthead redhorse, SNSG = shovelnose sturgeon, SFCB = sicklefin chub, STCT = sturgeon
chub, SMBF = smallmouth buffalo, STCT = stonecat, WLYE = walleye, WTSK = white sucker.
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Figure 49. Ordination plot for partial CCA of benthic fishes species with macrohabitats sampled
in 15 segments of the Missouri River. SCC = secondary channel connected, SCN = secondary
channel not-connected, BEND = river bend that includes an adjacent inside bend, outside bend,
and channel crossover, TRM = tributary mouth. BMBF = bigmouth buffalo, BLCF = blue
catfish, BUSK = blue sucker, BRBT = burbot, CNCF = channel catfish, CARP = common carp,
ERSN = emerald shiner, FHCB = flathead chub, FHCF = flathead catfish, FHMW = fathead
minnow, FWDM = freshwater drum, RVCS = river carpsucker, SNSN = sand shiner, SGER =
sauger, SHRH = shorthead redhorse, SNSG = shovelnose sturgeon, SFCB = sicklefin chub,
STCT = sturgeon chub, SMBF = smallmouth buffalo, STCT = stonecat, WLYE = walleye,
WTSK = white sucker.
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Table 42. List of benthic species and physical habitat variables (Summary of Table 16) identified

with stepwise logistic regression and R value for each model.

Species Variables R’

Bigmouth buffalo  increased with increased temperature 0.0494
increased with increased velocity, depth, and

Blue catfish temperature and decreased with conductivity 0.3355

Blue sucker increased with 1ngreased velocity, conductivity, and 0.1000
substrate geometric mean

Burbot increased with increased velocity and decreased 0.1435
temperature

Common carp increased with increased depth and temperaturg, and 0.1402
decreased substrate geometric mean, and velocity

Channel catfish increased with 1pcreased depth and temperature and 0.248
decreased velocity

Emerald shiner increased with decreased conductivity 0.0101

Fathead minnow no habitat covariates were significant --

Flathead catfish i;lz;er:lased with increased depth and substrate geometric 0.3683

Flathead chub increased w1‘th‘ increased velocity and decreased depth 0.1742
and conductivity

Freshwater drum 1ncreaseq with increased turbidity and substrate 0.0584
geometric mean

River carpsucker increased with 1npreased ‘Femperature and conductivity 0.1144
and decreased with velocity

Sand shiner increased with increased temperature 0.0412

Sauger increased with decreased temperature 0.0059

Shorthead redhorse increased w1th‘1r%creased substrate geometric mean and 0.0434
decreased turbidity

Shovelnose sturgeon increased with increased depth and velocity 0.2674

Sicklefin chub increased with increased velocity apq depth and 0.3396
decreased temperature and conductivity

Smallmouth buffalo 1ncreqsed with decreased substrate geometric mean and 0.0469
velocity

Stonecat 1ncreased Wl'[h increased velocity and decreased 0.1499
conductivity

Sturgeon chub increased with increased velocity and depth 0.2528

Walleye 1ncreqsed with increased temperature and decreased 0.0476
velocity

White sucker increased with decreased temperature and depth 0.0487
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Figure 50. Ordination plot for CCA of benthic fishes species with environmental variables
measured at fish capture sites. BMBF = bigmouth buffalo, BLCF = blue catfish, BUSK = blue
sucker, BRBT = burbot, CNCF = channel catfish, CARP = common carp, ERSN = emerald
shiner, FHCB = lathead chub, FHCF = flathead catfish, FHMW = fathead minnow, FWDM =
freshwater drum, RVCS = river carpsucker, SNSN = sand shiner, SGER = sauger, SHRH =
shorthead redhorse, SNSG = shovelnose sturgeon, SFCB = sicklefin chub, STCT = sturgeon
chub, SMBF = smallmouth buffalo, STCT = stonecat, WLYE = walleye, WTSK = white sucker.
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DISCUSSION
The purpose of this volume is to report on the distribu-
tion, abundance and habitat associations of 26 benthic
fishes and on the distribution of 80 other species that
were caught during the study. Distribution data are
often presence/absence data that can show spatial and
temporal trends in large rivers (Strayer 1999) and many
of the trends on the Missouri River have also been
found in other large rivers. For example, in the
Tennessee River 12 species were absent after reservoirs
were constructed (Voightlander and Poppe 1989). On
the Colorado River presence of native species declined
as introduced species invaded (Holden and Stalnaker
1975). On the Mississippi River distribution of 241
fishes in the mainstem was influenced by glaciation,
natural barriers, and human activities (Fremling et al.
1989). Our discussion of results focuses on the planned
contrasts among river zones and segments and on the
geophysical conditions associated with fish presence
and abundance.

Pallid Sturgeon

We found pallid sturgeon (4 total) in Segments 9, 10,
and 22. Certainly the absence from other segments and
the low catch support its endangered designation. Our
capture of pallid sturgeons in Segments 9, 10, and 22
suggests that the Yellowstone confluence area and the
lower Missouri River area may have characteristics that
support the pallid sturgeon. These segments were also
the approximate locations where other biologists cap-
tured wild juvenile pallid sturgeons after our study con-
cluded (Steve Krantz, Pallid Sturgeon Project Leader,
personal communication by phone, February 15, 2005).
Several small wild pallid sturgeons (presumptive identi-
fication based on morphological characteristics) were
found in the lower Missouri River (near our Segments
22 and 25) and two larval pallid sturgeon (presumptive
identification based on morphological characteristics)
were found near the headwaters of Lake Sakakawea
(our Segment 10). Since our study, adult and juvenile
fish were implanted with sonic transmitters and
released and hatchery-reared yearlings were released at
several locations (Steve Krantz, Pallid Sturgeon Project
Leader, personal communication by phone, February
15, 2005). Researchers sampling especially for the pal-
lid sturgeon from 1996 to 2004 collected 23 adults and
three larvae in Missouri (Segments 23-27, W. Doyle,
Biologist, U. S. Fish and Wildlife Service, Columbia
Fisheries Resources Office, personal communication
email), one possible adult in the Nebraska reach
(Segment 15), and 14 adults (7 tagged, 7 new) in the
Yellowstone River confluence area (Segments 8-10,
Steve Krantz, Pallid Sturgeon Project Leader, personal
communication by phone, February 15, 2005).

Zoogeographical Influences on Five Benthic Species

Ecological factors are important to fish distribution
in the Missouri River, which flows through about 102
latitude and four freshwater ecoregions (Rocky
Mountain, Great Plains, Central Lowlands, Interior
Highlands; Abell et al. 2000), and receives water from
47 major tributaries (Cross et al. 1986). Tributary
species became more abundant in the main channel in
the lower Missouri River between 1940 and 1983 (our
Segments 22-27, Pflieger and Grace 1987). Other eco-
logical factors probably influence the distribution of
burbot, blue catfish, flathead catfish, sand shiner, and
perhaps the white sucker.

The burbot is the “northern” species. Its native range
extends only to the northern portion of the Missouri
River basin. Some burbot have been found in the lower
basin, but they probably represent vagrants, not an
established population (Lee et al. 1980). The range of
the white sucker includes the lower basin (Lee et al.
1980, Page and Burr 1991), but it is probably more
abundant in tributaries than in the lower mainstem.
Pflieger (1997) called it a “small creek” species and
reported that it became abundant in a situation where a
dam changed a tributary stream from warm and turbid
to clear and cool. We found the highest catch in clear,
cool IR Segment 12 (downstream from Lake
Sakakawea) where there were few other native large
river suckers.

Other limited-distribution species are also “southern
species”. The native range of the flathead and blue cat-
fish extends upstream as far as South Dakota (Lee et
al. 1980), which coincides with the distribution we
found. The native range of the sand shiner is down-
stream from Montana, which is where we found this
species. In the northern portion of its range it is more
common in tributaries than in the mainstem. These
southern species were also absent during earlier studies
of the Yellowstone River (Schwehr 1977, Peterman
1980).

Zone Contrasts

Of the 26 benthic species, data for eight species were
not useful for contrasts (3 Hybognathus species, pallid
sturgeon, burbot, bigmouth buffalo, sand shiner, white
sucker), thus leaving the combination of five gears for
18 species with which to address the 22 planned con-
trasts (18 x 5 x 22 = 1,980 possible tests). Total catch
for some gears was inadequate, leaving 42 species/gear
combinations available to test the 22 contrasts (42 x 22
= 924 possible tests). Catches were sometimes inade-
quate for making certain contrasts (e.g., when only two
segments were compared), thus resulting in a total of
446 statistical tests of which 85 were significant and
361 insignificant. The characteristics of the data set



from this study, which is unique in its large spatial and
temporal scale, can be a guide for planning other great
river studies or for monitoring the Missouri River fishes.

As a working hypothesis, we speculated that there
would be differences in fish community and population
metrics among three major zones and we planned sev-
eral contrasts to test this hypothesis (Contrasts D, E, F,
Table 41). The hypotheses were formed based on our
review of the literature on fish distribution and abun-
dance and because physical habitat conditions differed
among zones (Galat et al. 2001). Sixty-six contrasts
indicated insignificant differences in catch among
zones and 20 contrasts indicated significant differences
(Table 41), but summarizing the data was difficult. All
possible zone contrasts were insignificant for blue
sucker, common carp, emerald shiner, fathead minnow,
stonecat, smallmouth buffalo and walleye.

One or more zone contrasts were significant for 9
species (Table 43). Sometimes contrasts were signifi-
cant for several gears, but individual gears do not show
the same pattern in C/E. For example, channel catfish
seine C/E was lower in the LA zone than in other
zone(s), but the gill net C/E was higher (Table 18).
Many significant zone contrasts were usually supported
by one or more partial contrasts [e.g., LA zone seg-
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ments compared to IR zone segments, without Segment
15, or LA zone segments (Segments 3, 5) compared to
IR zone segments below Fort Peck Lake, Segments 7
and 8], because for many partial contrasts the same
numbers were used as for the full zone contrast (e.g.,
channel catfish, Table 18). Three zone contrasts were
examined: LA vs. IR, LA vs. CH, and IR vs. CH (Table
41).

LA vs.Other Zones

Ten contrasts for seven species indicated higher catch
rates in the LA zone compared to the two zones where
habitat (e.g., hydrological regime, sediment transport,
macrohabitat diversity) has been altered (Table 43).
The group included important native species such as
the flathead chub, sturgeon chub, and sicklefin chub.
The mean C/E for flathead chub in the LA zone was
11.7 fish/seine haul compared to 3.8 fish/seine haul in
the IR zone (Table 23) and this trend was reflected in
the total catch. We collected only 15 flathead chubs
from the CH zone and over 10,000 specimens from the
LA zone. Pflieger (1997) documented the decline in
relative abundance of flathead chubs from 31% of
small fishes in the mainstem Missouri River (in
Missouri) to 1.1% over 50 years. He also documented

Table 43. Number of significant contrasts in catch per unit effort among zones for
species/gear combinations. LA = least-altered zone, IR = inter-reservoir zone, CH =

channelized zone.

Contrast Number Species showing pattern
Sauger, shorthead redhorse (2), sicklefin chub,
flathead chub, freshwater drum (2), sturgeon chub,
LA >1IR or CH (or both) 10 channel catfish (gillnet)
LA <1IR or CH (or both) 2 Channel catfish (seine), river carpsucker (seine)
Channel catfish (seine), freshwater drum (trawl,
IR <CH 5 electrofishing), river carpsucker (seine),

shovelnose sturgeon (trammel)

IR>CH

Channel catfish (gill net), river carpsucker
(electrofishing)
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the concurrent increase in relative abundance of the
emerald shiner and proposed that competition with
sight feeders that flourished after mainstem impound-
ments were built upstream led to the decline of the flat-
head chub. Welker (2000) found most flathead chubs in
shallow, channel border habitat in the Yellowstone
River (Segment 9), which has been reduced in area in
the CH zone (Galat et al. 2001).

Most flathead chubs are found in the mainstem in
the lower basin, but in the upper basin the species is
also common in western tributaries (Lee et al. 1980). In
general, tributaries in the upper basin have higher tur-
bidity and conductivity and lower velocity than tribu-
taries in the lower basin (Galat et al. 2001). Most west-
ern tributaries to the Missouri River in South Dakota
and North Dakota are now isolated because they enter
large reservoirs. Consequently, there is less opportunity
for flathead chub emigration from tributaries to aug-
ment mainstem populations in Segments 12, 14, and
15, which had few flathead chubs present.

Data from other species show a weaker trend of
higher C/E in the LA zone. For sauger and sicklefin
chub, catches in the LA zone were higher than those in
the IR and CH zones, and many individual segment
contrasts supported this finding. Pegg and Pierce
(2002a) showed that white sucker and sicklefin chub
were most associated with the upper and inter-reservoir
segments; whereas emerald shiner, flathead catfish, and
freshwater drum were most associated with the lower
channelized river.

Two species showed a trend toward reduced popula-
tions (many zero catches) in the IR and CH zones, but
the pattern was not supported by statistics. For walleye,
the total catch pattern supported the working hypothe-
sis, but all statistical contrasts of C/E data for four
gears were insignificant. Only 483 walleyes were used
for analysis, so a higher catch was needed to improve
statistical power. For the stonecat, the total catch of 343
fish was too small for meaningful interpretation, even
though contrasts among zones for electrofishing data
from BENDS was possible. Moreover, the CH zone is
toward the southern edge of the range for stonecats,
and stonecats are usually described as a small-stream
species rather than a large river fish (Pflieger 1997).
Consequently, the low abundance in the CH zone may
be a zoogeographical pattern rather than a response to
habitat alteration of the mainstem.

LA > IR < CH Catch Trend

Total catch was lower in the IR zone and fish assem-
blages more dissimilar among segments in the IR zone
compared to similar data from either the CH or LA
zones. The statistical contrasts of C/E for several
species supported this trend. There was a trend toward

lower catches in the IR zone than in either the LA or
CH zones for several species (Table 43). For example,
C/E for shovelnose sturgeon in trammel nets (fish/100
m) was LA = 0.38, IR =0.19, and CH = 0.45, and the
IR vs. CH contrast was significant (P = 0.002). For the
freshwater drum, all contrasts showed a significantly
lower catch in the IR zone for electrofishing data and
the trawling data partially supported the trend (Table
24). Catch of river carpsucker, and channel catfish
showed the IR < CH pattern. Only 179 blue suckers
were analyzed, but it too showed the general pattern of
lower total catch in the IR zone.

Several conditions in the IR zone might negatively
impact population density for many riverine species.
Hypolimnetic release dams have been implicated in
lack of recruitment (Wolf et al. 1996, Galat and Clark
2002). Reduction in channel complexity and changes to
the natural flow regime are other factors that may
decrease the density of these species in the IR zone. In
general, most studies of impounded rivers do not
address fish assemblages in isolated riverine segments
(Petts 1984), so our study is unique in this regard. Pegg
and Pierce (2002a) showed that IR communities had
more generalist species. Bergstedt et al. (2004) summa-
rized our data in another way - as an index of biotic
integrity — and came to conclusions that were similar to
ours. Based on their index of biotic integrity, the LA
segments were rated excellent to good; the IR segments
showed the greatest variability in ratings with some
segments being fair, poor, and very poor; and the CH
segments rated good (31%), fair (58%), and poor
(11%).

Conclusions using channel catfish harvest depended
on gear. Channel catfish harvest has been controlled,
so both fishing regulations and habitat change influ-
ence our results. Catch of channel catfish in the CH
zone decreased 61% over four decades between 1944
and 1983 from over-fishing, but catch increased after a
moratorium that was imposed in 1992 (Mestl 1999a).

The working hypothesis that system changes reduced
fish abundance was generally supported by this study.
Causes for the reduced abundance could be systemic
(i.e., climate, latitude, zoogeography) or regional
change (e.g., dams, tributary influences). Our evidence
indicates that systemic factors were important in deter-
mining distribution and abundance for some benthic
fishes. The only latitudinal change in geophysical river
characteristics that we measured was increased temper-
ature (Galat et. al. 2001). We considered the natural
range of each species when interpreting possible distri-
bution and catch differences among zones.
Consequently, regional alterations because of impound-
ment and channelization, which influence biophysical
properties of the river (Galat et al. 2001), may have



also influenced fish distribution and abundance. For
example, some IR zone segments had reduced turbidity
and temperature and coarser substrates that would
influence production of certain fishes. In the CH zone,
the most pervasive effect of channelization and bank
stabilization was to increase water depths and velocities
in macrohabitats in the CH zone compared to the IR
and LA zones (Galat et al. 2001). Tributaries have local
control on habitat because they restore some of the nat-
ural hydrograph to mainstem segments, deliver sedi-
ment, and are sources of fish immigration.

Segment Contrasts

Certain segments or groups of segments were interest-
ing because they had unique physical conditions that
might affect fish catch and interpretations of the results
of this study (e.g., segments upstream from reservoirs
compared to segments downstream from reservoirs).
Segment contrasts might also be useful for understand-
ing the ecology of the Missouri River and large rivers
in general. For example, the influence of tributaries on
the mainstem could be assessed by comparing seg-
ments in the area of the Yellowstone River confluence
(e.g., Segments 7, 8, 9, 10). Galat et al. (2001) showed
that tributaries greatly influenced physical habitat and
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water quality of the mainstem.

For segment contrasts there were less opportunities
to apply statistics than for zone contrasts because C/E
means included data from only one segment or segment
group (e.g., MOR LA vs. YSR LA; Segments 3, 5 vs.
Segment 9). Segment contrasts of interest were:

Among LA segments (i.e., MOR LA vs.
YSR LA).

Among CH segments (i.e., AKC vs. BKC).
Effect of impoundments (e.g., ASAK vs.
BSAK).

Effect of Segment 15 (e.g., BL&C IR vs. 15t
CHAN).

Influence of Yellowstone River (e.g., YSR
LA vs. ASAK).

Among LA Segments ( MOR LA vs. YSR LA)

We lumped Segments 9, 3, and 5 as the LA zone,
understanding that the term “least-altered” meant “rela-
tive to the other parts of the river”. Cross et al. (1986)
showed a close phenetic relationship between
Yellowstone and Upper Missouri fish communities, but
we expected differences in fish abundance among ben-
thic species because of the differences in physical habi-

Table 44. Number of significant contrasts for catch per unit effort for species/gear
combinations in the least-altered segments of the Missouri River (MOR LA, Segments 3
and 5) vs. the least-altered segment on the Yellowstone River (YSR LA, Segment 9).
When a contrast was not made because of zero catch, but a trend in presence/absence data
was obvious, then we listed the species (italics) as “supporting” the pattern determined

from statistical results.

Among LA Contrasts

Number

Species showing pattern

MOR LA >YSR LA 4

YSR LA >MOR LA 2

YSR LA vs MOR LA
Not significant

12

Emerald shiner (seine), flathead chub
(electrofishing), shorthead redhorse
(trammel), sicklefin chub

Flathead chub (seine), sturgeon chub,
channel catfish (3 gears), river
carpsucker (3 gears)

Blue sucker, channel catfish, common
carp (2 gears), sauger (2 gears), shovelnose
sturgeon (2 gears), smallmouth buffalo,
shorthead redhorse (2 gears), walleye
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tat among the LA zone segments (Galat et al. 2001)
and because of changes in C/E over a 20-year interval
for certain species in Segments 3 and 5 (reviewed by
Galat et al. 2005). Only Contrast A (Table 41) was pos-
sible (i.e., Segment 3 and 5 vs. Segment 9). A compli-
cating factor was the lack of electrofishing data for
1996 and 1997 in Segment 9 because of the possibility
of harming the rare pallid sturgeon and the lack of
trawling data in Segment 3 because of the rocky bot-
tom.

Analysis (ANOVA) was possible for 18 species/gear
combinations; 12 contrasts were insignificant and 6
were significant (Table 41, 44). Catches were statisti-
cally greater in the YSR segment for two species/gear
combinations and less in the YSR segment for four
species/gear combinations compared to catches in the
MOR LA segments (Table 44). Best examples of
species with higher catch rates in the YSR than in the
MOR LA segments were sturgeon chub and flathead
chub (seine data). Electrofishing data for the flathead
chub showed the opposite trend of the seine data and
catches of emerald shiner, shorthead redhorse, and
sicklefin chub were also higher in Segments 3 and 5
than in Segment 9.

Statistical analysis was not done for four species that
were absent from the LA segments or for seven species

that did not meet data requirements. An obvious trend
toward higher catches in Segment 9 than in Segments 3
and 5 could be seen in the C/E data for three gears
each for river carpsucker and channel catfish.

The interspecific differences in C/E between the LA
segments in Missouri and Yellowstone Rivers are per-
haps related to the subtle differences in habitat and
species preferences. For example, the higher C/E of
sturgeon chub in the Yellowstone River may be related
to the riverbed form (Wildhaber et al. 2003). Sturgeon
chub presence was associated with smooth bedform,
and Segment 9 generally had a smoother bedform than
did Segments 3 and 5 in the Missouri River mainstem.

Among CH Segments (AKC vs. BKC)
Concerning the contrast (Contrast V, Table 41) between
catches in the segments upstream (/7, 79, 22) and
downstream (23, 25, 27) from Kansas City, we hypoth-
esized that some fish populations may increase in the
lower segments because of immigration from the
Mississippi River and because flow regimes become
more natural (Pegg and Pierce 2002b). Grady and
Milligan (1998) reported a decrease for five species, an
increase for five species, and 11 species remained
about the same over time in this area of the river.
Contrasts in C/E above and below Kansas City were

Table 45. Number of statistical contrasts and contrasts showing obvious trends for catch per unit
effort for species/gear combinations above Kansas City (AKC, Segments /7, 19, 22) vs. below
Kansas City (BKC, Segments 23, 25, 27). CH = channelized segments. When a contrast was not
made because of zero catch, but a trend in presence/absence data was obvious, then we listed the
species as “supporting” the pattern determined from statistical results in italics.

Amongc(;iriztgments Number Species examples
AKC > BKC 3 Freshwater drum (benthic trawl), river carpsucker
seine), shovelnose sturgeon (tramme
i hovel g |
Channel catfish (electrofishing), common carp
<BKC 2 electrofishing), sicklefin chub
AKC g
Blue catfish, blue sucker, channel catfish (seine),
common carp (gill net), emerald shiner (2 gears),
I\?(i(sigv;i?ll(;i ¢ 19 flathead catfish (electrofishing), freshwater drum

(electrofishing), river carpsucker (2 gears), sauger (2

gears), shorthead redhorse (gill net), shovelnose
sturgeon (2 gears), smallmouth buffalo (2)




not possible for 11 species. The sicklefin chub was the
only species not analyzed that showed obvious trends —
catch was much higher in Segments 25 and 27 than
elsewhere in the CH zone. In general, there is no trend
between the two areas of the river (Table 45). Of the
significantly different species, the C/E of channel cat-
fish and common carp was higher and C/E of freshwa-
ter drum, river carpsucker and shovelnose sturgeon was
lower downstream from Kansas City compared to
upstream. All five species that showed significant dif-
ferences in C/E for the AKC vs BKC contrast for one
gear also had data showing insignificant differences in
C/E for that contrast for another gear.

Effect of Segment 15

Segment 15 is said to look somewhat like the river seen
by Lewis and Clark and for this reason it is protected
as a National Recreational River (Berry and Young
2004). However, the hydrology and many riverine
processes are greatly modified in Segment 15. Hesse
et al. (1993) reported declines in C/E from 1983 to
1991 for six species in our Segment 15, whereas
increasing trends occurred for three species and other
species showed no clear pattern.

In our study, 103 of the 122 planned contrasts that
were statistically possible (Contrasts J, M, O, Q, T, U,
Table 41) indicated that catches in Segment 15 were
similar to the catch in other segments or groups of seg-
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ments. Catches of shorthead redhorse and freshwater
drum were higher in the LA zone segments than in
Segment 15, but most comparisons were insignificant.
Catches in Segment 15 were higher than catches in IR
or CH zone segments (or segment groups) for 11
species/gear combinations, and lower for 6 species/gear
combinations (Table 46).

Most constrasts (5 of 6 constrasts, Table 46) indicat-
ed higher C/E in Segment 15 than in upstream seg-
ments in the IR zone (Contrasts T, O). The trend
toward higher catches in Segment 15 was also support-
ed by other species (e.g., blue sucker, sand shiner,
sauger, shovelnose sturgeon, smallmouth buffalo, wall-
eye) that had zero catch or very low catch in several
gears used in Segment 14. The most important distinc-
tion between Segments 14 and 15 is that Segment 14 is
isolated between two reservoirs and there are no major
tributaries, whereas Segment 15 is open downstream
and receives water from the James and Vermillion
rivers, otherwise, the segments have similar physical
habitat features (Galat et al. 2001, Berry and Young
2004). After closure of Gavins Pt Dam, fish abundance
and richness declined in Lewis and Clark Lake and
increased downstream from the dam (Walburg 1976).
The 53 species collected during our study were com-
bined with fishes recorded by routine sampling by state
agencies to compose an ichthyofaunal list of 92 species
(reviewed by Berry and Young 2004). All species found

Table 46. Number of significant contrasts in catch per unit effort for species/gear
combinations in Segment 15 compared to individual segments and segment groups in the
LA, IR, CH zones. When a contrast was not made because of zero catch, but a trend in
presence/absence data was obvious, then we listed the species as “supporting” the pattern
determined from statistical results in italics, (2) = 2 gears or 2 contrasts.

Contrasts Number Species showing trend

Segment 15 > LA 0 none

Segment 15 <LA 2 Shorthead redhorse, freshwater drum

Segment 15 > IR or Segment 14 5 Common carp (2), river carpsucker (2),
shorthead redhorse, blue sucker, emerald
shiner, sand shiner, shovelnose sturgeon,
smallmouth buffalo, walleye

Segment 15 < IR or Segment 14 1 Channel catfish

Segment 15 > CH or Segment /7 7 Common carp (2), emerald shiner (electro-
fishing), flathead catfish (2), river carpsucker
(2), sand shiner, shorthead redhorse, walleye

Segment 15 < CH or Segment /7 4 Channel catfish, freshwater drum (2), river

carpsucker, fathead minnow
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in Segment 14 were found in Segment 15, except black
bullhead. Movement of grass carp is apparently
stopped by Gavins Point Dam, as several were found in
Segment 15, but none in Segment 14.

For Contrasts involving Segments 15 and CH zone
segments, four species had higher C/E in Segment 15
and three species had lower (Table 46). The C/E values
were usually higher in Segment 15 when compared to
Segment 17 alone, but there was no trend when other
CH segments were included. Segments 15 and /7 pro-
vide a contrast in channel form from Segment 15 to
channelized conditions in Segment /7. For example,
Segment 15 has lower water velocity and more habitat
diversity (e.g., SCCs, SCNs) than does Segment /7
(Galat et al. 2001). Several studies have documented
reduced fish abundance in Segment /7 compared to
Segment 15 (Groen and Schmulbach 1978, Kallemeyn
and Novotny 1977, Hesse et al. 1993). Sauger declined
in abundance after the dams were closed in the 1950s
(Walburg 1976, Hesse et al. 1993); we collected 21 in
Segment 14, 79 in Segment 15, and 31 in Segment /7.
Anglers catch several thousand sauger yearly (Mestl et
al. 2001) and natural reproduction is occurring (Van
Zee 1996). Catch of sicklefin and sturgeon chubs has
also declined (Hesse et al. 1993) and these species
were also absent or rare in our samples. Conversely,
emerald shiners have increased in abundance (Hesse et
al. 1993); our highest catch of emerald shiners was in
Segment 15.

Effect of Impoundments

Data on C/E upstream and downstream from Fort Peck
Lake and Lake Sakakawea were used in three contrasts
(Contrasts C, R, S, Table 41). We hypothesized reduced
fish abundance in IR segments and further that
Segment 12 would be more impacted than Segment 10
because the Yellowstone River discharge ameliorated
physical conditions in Segment 10. Catch data for only
one segment were usually too low for most species to
compare one segment upstream with one segment
downstream, so only 36 contrasts were possible (Table
41).

For Fort Peck Lake, all four significant contrasts
indicated that C/E was higher upstream than down-
stream from the Reservoir (Table 47). Analysis was
not done for 11 species, but there was an obvious trend
in C/E for emerald shiner in several gears (seine, elec-
trofishing) that supported the statistical results of other
species, whereas fathead minnow C/E data suggested
the opposite trend (higher C/E downstream than
upstream).

For Lake Sakakawea, catches were sufficient for
three species to make Contrast S; C/E for channel cat-
fish and shovelnose sturgeon were similar up- and

downstream from the Lake whereas C/E for common
carp were higher downstream than upstream (Table 47).
For other species, there were many cases where C/E
upstream was obviously higher because no fish or very
few fish were caught in Segment 10. However, fathead
minnow and white sucker C/E showed the opposite
trend (more fish downstream). In general, catch rate
was usually higher upstream from Fort Peck Lake and
Lake Sakakawea than downstream. The opposite trend
was found at Lewis and Clark Lake, where the catch in
the downstream segment (Segment 15) was similar to
or higher than the catch in the upstream Segment 14.

Segment 12 between Lake Sakakawea and Lake
Oahe was distinctive because catches of most species
that were common in other segments in the IR zone
were lower in Segment 12 (Table 47) and the relative
abundance was quite dissimilar from that of Segment
10. Segment 12 was often eliminated from analyses
because of low catch rates for most species. Low abun-
dance and diversity of fishes in this segment have been
noted by others, who attributed the problems to low
numbers of larval fish being discharged from Garrison
Dam (Wolf et al. 1996, Everett 1999). Electrofishing
C/E of common carp was significantly higher in
Segment 12 than in Segment 10. Two species that
dominated our catches in Segment 12 were white suck-
er and fathead minnow, which are generalist species
that tend to increase in IR segments, as do other gener-
alist species (Pegg and Pierce 2002a). Both species also
dominated catches in a concomitant study done in
backwaters and floodplain wetlands in this segment
(Powell 2002).

The Segment 12 mainstem is now a high-velocity
habitat that is disconnected from floodplain wetlands
and backwaters (Powell 2002, Welker 2000). Average
temperature in Segment 12 during our study was about
9°C lower than might be found in the unaltered river
(Galat et al. 2001). Growth of shovelnose sturgeon is
much slower in Segment 12 than in the Yellowstone
River (Everett et al. 2002), and condition of shovelnose
sturgeon was low in Segment 12 (Pierce et al. 2003).

Influence of Yellowstone River

Contrasts B, H, and L (Table 41) focused on the influ-
ence of the Yellowstone River Segment 9 on the
Missouri River Segments 8 and 10, which are just up-
and downstream from the confluence of the
Yellowstone River. Major tributaries to the Missouri
River may be more suitable as fish habitat than the
modified main channel (Brown and Coon 1994, Latka
et al. 1995, Welker and Scarnecchia 2004). Contrasts
were not possible for 16 species, but 58 statistical con-
trasts were possible. Most contrasts (51) were not sig-
nificant. The most important contrast for testing the
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Table 47. Number of significant contrasts and contrasts showing obvious trends in catch per
unit effort for species/gear combinations up and downstream from Fort Peck and Lake
Sakakawea reservoirs. Species showing difference up- and downstream from Lake Sakakawea
followed by (10 vs 12). When a contrast was not made because of zero catch, but a trend in
presence/absence data was obvious, then we listed the species as “supporting” the pattern
determined from statistical results in italics. (Number) = multiple gears or contrasts.

Contrast
Upstream vs. downstream
Segment 3,5 vs. 7, 8;5 vs. 7; and 10 vs. 12

Number Species showing pattern

Up > down

Up < down

Up vs down
Not significant

Flathead chub (electrofishing),
shorthead redhorse (trammel),
sicklefin chub, sturgeon chub
emerald shiner, burbot (10 vs 12),
flathead chub (10 vs 12), sauger (10
vs 12), sicklefin chub (10 vs 12),
smallmouth buffalo (10 vs 12),
stonecat (10 vs 12), sturgeon
chub(10 vs 12)

Common carp
(electrofishing, 10 vs 12), white
sucker, fathead minnow

Blue sucker (2), channel catfish (2),
flathead catfish, commom carp (4),
sauger (4), shorthead redhorse (9),
shovelnose sturgeon (5), small-
mouth buffalo (3), walleye

31

effect of the Yellowstone River influence on the
Missouri River was Contrast H (Segment 8 vs Segment
10), but only one species showed a significant differ-
ence for this contrast - C/E for sicklefin chub was
higher in Segment 10 than in Segment 8 (Table 41).
There was no support for the possibility that the
Yellowstone River influence might also affect Segment
8, which was upstream from the confluence (Contrast
B). Of the three significant contrasts (flathead chub,
shovelnose sturgeon, sturgeon chub), the C/E values
were higher in the Yellowstone than in Segment 8.
Shovelnose sturgeon and pallid sturgeon rarely use
Segments 7 and 8, but are often found in Segments 9

and 10 (Bramblett and White 2001). Segments 9 and 10
have more natural physical habitat than do Segments 7
and 8 (Bramblett and White 2001, Galat et al. 2001).
The addition of the Yellowstone River flows may be an
influence on the physical habitat, but fish abundance
also increased with distance from Fort Peck Dam.
Thirteen species increased in abundance between Fort
Peck Dam (Segment 7) and the upper end of Lake
Sakakawea (Segment 10). Best examples were catches
of common carp, channel catfish, freshwater drum,
sauger, smallmouth buffalo, stonecat, and sicklefin
chub. Total catch of sicklefin chub increased from zero
near the dam to 81 fish at Segment 8 and 70 fish at
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Segment 10, a trend also noted by Dieterman and Galat
(2004) below other impoundments.

Fish Habitat Associations

Habitat and its physical attributes of rivers are funda-
mental determinants of composition and abundance of
fish assemblages, and data on fish associations with
habitat is fundamental to planning river restoration and
management. Berry and Young (2001) discuss the justi-
fication for including fish associations with habitat as
part of this study and examples are provided in work by
Ph.D. students associated with our study. For example,
sicklefin chub presence was associated with water flow
variability and turbidity (Dieterman and Galat 2004).
Other findings from studies unrelated to ours also indi-
cate the value of benthic fishes habitat information. For
example, Hurley et al. (2004) found that pallid sturgeon
were most often found in main-channel and main-chan-
nel border habitats independent of temperature and dis-
charge. The benthic fishes that we studied have a wide
range of habitat associations, reproductive types, diets,
and tolerance to environmental degredation (reviewed
by Bergstedt et al. 2004 in their Appendix A).

In our study the diversity of habitats within segments
was addressed by sampling six macrohabitats: CHXO,
ISB, OSB (these were grouped into a BEND category
for statistical analysis), SCC, SCN, and TRM. Our data
represent only the late summer season, so conclusions
about macrohabitat use by individual species are for
this period only. Also, our data span a range of fish
sizes that includes both juvenile and adult fish, so our
averages might be of little use for recommendations of
spawning habitat for example. In regulated rivers, man-
agers usually request information that relates system
operations (e.g., dam discharges) to fish habitat.
Habitat management of the Missouri River should not
be for a certain species or a certain fish size group if
conservation of fish biodiversity is a goal. However, the
benthic fishes assemblage as a group may help formu-
late general objectives for habitat restoration.

The macrohabitats can be grouped into three cate-
gories: slow velocity macrohabitats (e.g., TRM, SCN)
that certain fish species might use as a velocity refuge
and feeding area, moderate velocity areas (e.g., ISB,
SCC) that other species might prefer to use for refuge
or migration, and high velocity areas (e.g., CHXO,
OSB) that a few species might prefer and that all
species might use for migration. Species use of a
macrohabitat depends on morphological, functional,
and life-history differences (Pegg and Pierce 2002a).
For example, streamlined species use swift velocity
habitats more often than deep-bodied species (Welker
2000). Most species were not present or abundant in
swift water conditions of the CHXOs and OSBs, but

some species were frequently collected in swift water; a
finding that agreed with results from the upper
Mississippi River system (Dettmers et al. 2001). Five
species were common in CHXO (channel catfish, shov-
elnose sturgeon, sicklefin chub, stonecat, sturgeon
chub). These same species were also judged common
in OSBs, but other species commonly found in OSBs
were flathead catfish, flathead chub, emerald shiner,
and shorthead redhorse.

We hypothesized that all macrohabitats are potential-
ly used during the lifetime of the species and species
richness and abundance is positively associated with
macrohabitat diversity. This conclusion was also made
after analysis of Missouri River “science” (NRC 2002),
for other major rivers (Galat and Zweimuller 2001),
and for the upper Mississippi River system (Koel
2004). Koel (2004) concluded that remnants of natural
riverine dynamics and habitats should be preserved and
enhanced.

We measured physical variables to better describe
macrohabitats (Galat et al. 2001). In general, CHXOs
and OSBs had the deepest water, fastest current veloci-
ty, and largest mean particle size. Tributary mouths
were relatively warm and turbid in some segments,
whereas SCNs were primarily shallow, low-velocity
habitats with fine substrates. The SCCs did not show a
consistent multivariate distribution among physical
habitat variables compared to other macrohabitats. The
diversity of conditions in SCCs may explain why all
species were judged abundant there and supports con-
tinuing efforts directed toward their rehabilitation.
Physical habitat conditions varied by segment and
macrohabitat. For example, turbidity was usually higher
in SCNs than in other macrohabitats and declined in
BENDS if a clear-water tributary entered the main
channel upstream from the BEND (Galat et al. 2001).

The data on physical habitat conditions at each fish
sampling site revealed species-specific habitat associa-
tions. Our independent variable was presence or
absence of each species, so our data covers all physical
habitat conditions regardless of macrohabitat or seg-
ment. Of course, there are several caveats for using this
habitat information. The data do not represent species
“preferences”. Theoretically preferences are determined
by offering a species a wide variety of choices and
monitoring their responses. Our data from one season
and over a limited temperature range apply only to
those conditions. A well-supported working hypothesis
about fish-habitat associations is that they change sea-
sonally (Dettmers et al. 2001). We lumped catches for
all gears, but gears were selective for certain sizes of
fish. Finally, other abiotic aspects of habitat (tempera-
ture, light, oxygen, structure) that we did not measure
are also important to fishes. Also, biotic factors (e.g.,



predation, competition, food webs) that we did not
measure further influence habitat use (Poff et al. 1997).

Most logistic regression models were not very pow-
erful, but most benthic species (except fathead min-
now) were associated with one to four habitat features.
Mean habitat conditions (e.g., mean water velocity) at
sites where fish were present were statistically evaluat-
ed for each species. For the benthic fish assemblage,
we summarized the total catch with habitat to show the
range of habitat conditions used by the assemblage.

We identified three catch patterns in the velocity
data. The catch of five species, represented by the sick-
lefin chub, occurred over a wide range of velocities
(Figure 51). These species tended to be caught in gears
used in the main channel (i.e., drifting trammel net,
benthic trawl) where the highest water velocities were
recorded. Our results generally agreed with reviews of
habitat suitability indices for selected benthic fishes
(Berry and Young 2001, Bergstedt et al. 2004) and with
studies that investigated fish-habitat associations by
monitoring movements of radio-tagged fish (e.g.,
Hurley et al. 2004). Curtis et al. (1997) reported that
radio-tagged shovelnose sturgeon were typically found
in areas with sand substrates, mean water depth of 5.8
m, and mean bottom current velocity of 0.23 m/s.
Velocities where juveniles were observed were less.

Two patterns were apparent for fish caught in slower
water. A wide-range pattern was exhibited by 13
species (Figure 51). Most fish in this group were
caught at velocities <0.5 m/sec, but some were caught
at velocities up to 2.4 m/sec. The stacked bars in the
figures show that catch was distributed among four
fishing gears, thus indicating that fish were caught in a
wide variety of habitats where velocities varied greatly.
Although velocity preferences are not known for most
species, our results agree with general habitat associa-
tions published for smallmouth buffalo and bigmouth
buffalo, which are characterized as inhabiting both high
velocity (<1.6 m/sec) main channels and pools, but also
using backwaters with low (<0.2 m/s) velocity
(Edwards and Twomey 1982). In contrast, four other
species (bigmouth buffalo, sand shiner, fathead min-
now, white sucker) had a narrow-range catch pattern
(Figure 51). Most of these fishes were caught by elec-
trofishing SCCs and SCNs where velocity was low or
with seines that were used in low velocity habitats.
White suckers use pools with flows of about 0.15 m/s
(Twomey and Nelson 1984), but can ascend high veloc-
ity fishways during the spring spawning migration
(reviewed by Cooke et al. 2004). The adverse conse-
quences of regulated flows on riverine fish communi-
ties have been well documented. Generally, fluvial spe-
cialists (e.g., redhorse suckers) are more abundant in
unregulated reaches of rivers compared to regulated
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reaches (reviewed by Cooke et al. 2004).

There were three general catch patterns for fishes
that were related to turbidity (Figure 52). Three pairs of
species (Figure 53) exemplify the relation of turbidity
and fish ecology. Turbidity categories for the total catch
of walleye and sauger were similar, as both were most-
ly caught by electrofishing and mostly in turbidities of
10-50 NTUs (Figure 53). Other authors have suggested
that sauger prefer more turbid water than do walleye
(Goldstein et al. 1996). Sturgeon chub and sicklefin
chub were mostly caught in the trawl, but more sick-
lefin chubs were found in a broader range of turbidities
than were sturgeon chubs. This finding agrees with that
of Everett (1999), who found sturgeon chubs in less
turbid water than sicklefin chubs. Finally, two species
(fathead minnow, white sucker) were captured more
than other species in the <10 NTU turbidity class
(Figure 53). For the white sucker, this finding agrees
well with the literature (Twomey et al. 1984). Overall,
however, a species by species assessment of association
with turbidity is not the main value of our results. The
general conclusion regarding turbidity findings, as with
other physical habitat, is that the native species assem-
blage was associated with (and may prefer) a variety of
turbidity conditions.

Total catch by depth results indicate that most fish
were captured at <3 m, but the wide range of capture
depths was also an obvious trend. The deepest capture
depth was 14 m for a shovelnose sturgeon. Three gen-
eral patterns of depth association are apparent (Figure
54). In the shallow water group are small-bodied fish
such as the flathead chub and sand shiner, but also two
species that grow larger - the white sucker and big-
mouth buffalo (Figure 54). Most white suckers and
sand shiners were captured by seining. Another group
(shallow to mid-depth) was also abundant at <1 m, but
much of the catch also occurred at higher velocities.
All species in this group tended to have a higher elec-
trofishing component to the total catch than did the
shallow-water group. The five species making up the
deep-water group had a broad association with depth
(up to 14 m), but were mostly caught at depths from 1-
4 m (Figure 54). The bottom trawl accounted for most
of the catch of sturgeon chub, sicklefin chub, blue cat-
fish, and stonecat; whereas shovelnose sturgeon were
mostly caught in the drifting trammel net and in gill
nets.

The study was planned to reduce the seasonal effects
of temperature on fish collections, because our main
focus was comparing catch among zones and segments.
Nevertheless fish were collected over a fairly broad
temperature range because of differences in climate
among years, latitude, reservoir releases, and macro-
habitat conditions. Latitude and reservoir releases were
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Figure 53. Total catch for 1996, 1997, and 1998 in multiple gears of three pairs of species among turbidity
catagories. The pairs were selected because of their ecological similarity (sturgeon chub, sicklefin chub, walleye,
and sauger) or association with turbidity <10 NTUs (fathead minnow and white sucker).
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the most important factors determining temperature
(Galat et al. 2001). Catch data displayed three general
patterns of association with temperature (Figure 55).

Substrate was characterized at the midpoint of the
area where fishing gears were deployed. Missouri River
substrates are predominantly sandy (Galat et al. 2001),
so sand was a major component in each of three groups
(Figure 56). Our assignment of a species to one of
three substrate groups obscures subtle individual differ-
ences. For example, we report that sturgeon chub were
found where substrate geometric mean was lower than
where sicklefin chubs were found, which agreed with
findings by Everett (1999). However, compared to
other benthic species they both fall into our “gravel”
group.

The sand shiner and blue catfish were placed in the
“sand” group because their catch pattern had the high-
est percentage of sand and <10% gravel. As its name
applies, the sand shiner has a strong affinity to sandy
substrates (Pflieger 1997). Nine species in a gravel
group were distinguished from sand group because
gravel percentages were >10%. Most specimens in the
gravel group were collected by trawling or electrofish-
ing. Trawling was usually done in the channel, whereas
electrofishing was done along the shoreline where
riprap and other large substrates were located. Higher
gravel (and cobble) percentages are found where veloc-
ity is high (Galat et al. 2001). Where velocity is low,
substrates tend to have more silt (Galat et al. 2001).

A group of eleven species was found over substrates
dominated by silt (Figure 56), including the common
carp. Our results for common carp agree with a sum-
mary of the literature that indicates that carp habitat
suitability is highest when up to 80% of riverine habitat
is pools, backwaters, and marsh areas during average
summer flows (Edwards and Twomey 1982b). Most
specimens in the “silt” group were captured by seining
and electrofishing in SCNs and TRMs. The TRMs were
usually at the confluence of small tributaries where
velocity was low and silt substrates common, especially
in the LA and IR zones (Galat et al. 2001).

Substrate size requirements for spawning are associ-
ated with fish abundance (Pegg and Pierce 2002b).
They found that fishes that use coarse substrates (e.g.,
white sucker, shovelnose sturgeon, river carpsuckers)
for spawning predominate in IR segments, whereas a
high percentage of general and pelagic spawners (e.g.,
freshwater drum) occur in the CH segments. In the Red
River of the North the number of substrate types was
positively associated with fish community composition
(Goldstein et al. 1996). In the Missouri River, habitat is
created by human engineering, by natural hydrology, by
sediment dynamics, or a combination (e.g., chute
restoration). The goal should be to provide a diversity

of habitats focusing on velocity and depth. Others (e.g.,
Wissman and Bission 2003) have recommended imple-
menting natural flows to restore habitat, creating or
acquiring shallow-water, low velocity channel and
floodplain habitats and sandbars, and carrying out
adaptive management (NAS 2002) to restore Missouri
and river ecosystems in general.

The fish community of the Missouri River is diverse
and characteristic of the unique geological history of
the basin (e.g., presence of ancestral species). Becker
and Gorton (1995) suggested “Mother Nature’s
Formula for the Missouri River”. The natural formula
includes the following dynamics

NF =PF + ER + AG + SE + BC

Where: PF = peak flow, ER = erosion, AG = aggra-
dation, SE = seasonality, BD = biologic or chemical
activity.

Other Fishes

We also collected about 36,800 specimens representing
80 other species. These other species were not the
focus of our study, but the information may be useful
in several ways. Our data have been used to update
ichthyofaunal lists for the basin (Galat et al. 2005) and
for the National Recreational River sections on the
South Dakota-Nebraska border (Berry and Young
2004). We found 12 species that had not been reported
in the open literature for the mainstem (spotted gar,
threadfin shad, grass pickerel, bullhead minnow, river
redhorse, slender madtom, Chinook salmon, yellow
bass, logperch, lake whitefish, muskellunge, striped
bass). Galat et al. (2005) included these species (except
river redhorse) in the list of 108 species in the main-
stem (136 species from 25 families in the mainstem,
flood plain, and reservoirs).

We missed 30 species that had been reported by oth-
ers. Their absence from our collection does not mean
they are rare. All have Global Heritage (NatureServe
2002) ranks of G5 (secure) except the Alabama shad,
Alosa alabamae (G3, vulnerable), speckled chub,
Macrohybopsis aestivalis (G3-G4, apparently secure),
and chestnut lamprey, Ichthyomyzon castaneus (G4,
apparently secure). We collected a few specimens of
lake sturgeon, paddlefish, silver chub, and highfin
carpsucker, which are ranked as imperiled or vulnera-
ble. The Missouri River has the lowest proportion of
imperiled fishes of eight north temperate rivers
reviewed by Galat and Zweimuller (2001). The native
fish fauna is relatively intact despite the history of
habitat change but there are declines in some species
— about 25% of the native fish according to a recent
review (Galat et al. 2005). Several benthic species were
the focus of our study because they are ranked as vul-
nerable or imperiled: sturgeon chub (G3), sicklefin
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chub (G3), blue sucker (G3G4), shovelnose sturgeon
(G4), western silvery minnow (G4), plains minnow
(G4), flathead chub (G4), and pallid sturgeon (G1).

Number of species increased in the downstream
direction, as might be predicted by the River
Continuum Concept, and illustrates the classic phe-
nomenon of longitudinal zonation in riverine fish
assemblages (Hawks 1975, Matthews 1998). In other
Mississippi River tributaries (e.g., Limbird 1993),
species richness increases in a downstream direction
because of the addition of habitats. In the case of the
Missouri River mainstem, the additional species are
present because of the presence of the Mississippi
River, added species from the Ozark Plateau
Physiographic Region, and replacement of coolwater
species by warmwater species.

Total catch of all 106 species supported several con-
clusions about differences among zones and segments
that were shown by the catch of the benthic assem-
blage. The total catch appeared to be lower in the IR
zone than in other zones. In the LA zone highest total
catch was in the Yellowstone. In the IR zone, Segment
12 had the lowest total catch, and the catch of 4,734
longnose suckers made up most of the catch of 6,955
fish in that segment. The highest total catch was in
Segment 15, but two species (gizzard shad, emerald
shiner) made up half of this total. In the CH zone, total
catch increased linearly downstream, as did the catch of
some benthic fishes (e.g., channel catfish, river carp-
sucker, sicklefin chub).

The goldeye was a common native species (3,836
collected) found in every segment. Lowest catches were
in Segments 12 and 14. Goldeye is a native species that
would be useful in assessing longitudinal change in the
river, but it is a pelagic species, and therefore not a pri-
mary focus of our study. It was more common (136-
774 collected) in Segments 3-10 than in other seg-
ments.

A group of nonbenthic native species were rarely
collected. In this group were fish that are termed
“strays” or “waifs” that are more common in floodplain
wetlands, reservoirs, and tributaries than in the main-
stem. Examples are banded killifish, brook stickleback,
grass pickerel, longear sunfish, largescale stoneroller,
and northern redbelly dace. Examples of “strays’ from
tributaries are the two river redhorse found in the CH
zone.

Another group that is part of the Missouri River fish
community are species on the edge of their range, such
as those generally restricted to Canada (e.g., lake chub,
lake whitefish) or Great Lakes states and upper
Mississippi River basin. Just as the native range of
some benthic species were limited to a portion of the
basin, a similar distribution pattern was found among

FISH DISTRIBUTION AND ABUNDANCE 137

the other species collected. Species with distributions
that were restricted to the upper river were the mottled
sculpin, longnose sucker, and longnose dace. The dis-
tribution of most species generally agrees with pub-
lished reports (Lee et al. 1980). Exceptions were the
paddlefish and golden shiner, which were not found in
the LA zone, but are present there (White and
Bramblett 1993, Galat et al. 2005).

Rock bass were found in Segments 14 and 15, which
are near to the only tributary in the Missouri River
basin (Big Sioux River) in which rock bass are consid-
ered native to headwater streams. The species is a rep-
resentative of several dozen species (e.g., northern red-
belly dace, bluegill, sand shiner, black crappie) that
invaded the central Missouri River basin from the
upper Mississippi through connections between the
Minnesota River drainage and drainages in North and
South Dakota and Iowa, such as the Big Sioux River
drainage (Bailey and Allum 1962). Rock bass typically
inhabit small, rocky rivers where waters are clear and
vegetated, so the species is considered a waif in the
Missouri River main channel habitats (Galat et al.
2005).

Exotic or introduced species made up 15% of the
106 species we documented. Exotic species were Asian
carp (grass carp, bighead carp), common carp, gold-
fish, and brown trout. The common carp and goldfish
were introduced to North America long ago (Cooper
1987) and the common carp has had a major detrimen-
tal impact on many water bodies and fisheries (Verrill
and Berry 1995). Brown trout were introduced from
Europe long ago. Asian carp were imported to
Arkansas and Alabama for aquaculture purposes
between 1963 and 1973, and escaped into the wild
soon after introduction. Grass carp were widely report-
ed in the lower Missouri basin in the 1970s (Stanley et
al. 1978, Brown and Coon 1991), whereas bighead carp
began appearing in the 1980s. Reproducing populations
are established. No Asian carp were found upstream
from Gavins Point Dam. In the past the dam has been
faulted because it stops migration of native fish, but the
dam is now being praised for stopping the invasion of
the Asian carp.

Bighead carp in the lower Missouri River exhibit
fast growth (Schrank and Guy 2002). Bighead carp
feed on plankton and may compete with native plank-
tivorous fishes such as the paddlefish (Shrank et al.
2003). Capturing Asian carp requires specific sampling
protocols that we did not use, but our finding of 16
grass carp and 22 bighead carp confirm their presence
and can be used in the future as baseline data when our
sampling protocols are used.

The introduced predator species (such as centrar-
chids, salmonids, esocids, and percids) or forage
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species (lake herring, rainbow smelt, spottail shiner,
golden shiner) were intentionally stocked to provide
recreational fishing in the mainstem reservoirs and tail-
races. Twenty-seven game fish or prey fish have been
stocked in the Missouri River Basin since 1940 (Hesse
et al. 1989). We found several introduced species,
including a few coldwater species (e.g., Chinook
salmon, rainbow trout, and whitefish). These species
were stocked in reservoirs to inhabit the deep, coldwa-
ter zone in lakes like Sakakawea and Oahe, so their
presence is incidental in the warmwater portions of the
river where we sampled. We encountered introduced
salmonids only in Montana (Segments 3,7,8); although
they are found in tailrace fisheries downstream from
Garrison and Oahe Dams, but not further downstream
(Wickstrom 1999, Mestl 1999b).

A muskellunge was found in Segment 12 downstream
from Lake Sakakewea. The native range is the upper
Mississippi River and Great Lakes basins, but the culture
and stocking for recreational fishing has expanded the
range of this species (reviewed by Crossman 1986).
Muskellunge are a large, predatory member of the pike
family (Esocidae) that were stocked in the Missouri
River to occupy habitat created downstream from dams.
Muskellunge have also been recorded in Missouri River
segments in South Dakota, but angler catches are very
rare (Berry and Young 2004).

White bass were ubiquitous and common. White
bass are native to the Lower Missouri River, but their
populations increased greatly in the 1960s after the
reservoirs were built (Pflieger 1997). On the other
hand, striped bass were few (n = 18) and found only in
Missouri (Segments 25 and 27). Striped bass are a
marine species that can be managed in landlocked pop-
ulations in reservoirs (Axon and Whitehurst 1985).
They were stocked in reservoirs in Missouri in the
1960s and were washed through dams into rivers that
are tributaries to the Missouri River (Pflieger 1997).

Forage species for introduced predators have also
been stocked. Cisco (lake herring) and lake whitefish
are primarily found in the Hudson Bay and Great Lakes
drainages (Lee et al. 1980), but were stocked in Fort
Peck, Sakakawea, and Oahe reservoirs as prey fish. We
found them in Montana segments and downstream
from Garrison Dam in North Dakota (Segment 12).

Rainbow smelt were introduced in the Missouri
River in 1971 through stocking of 7,100 Lake Superior
strain fish into Lake Sakakawea (Frieburger 1992).
Rainbow smelt populations expanded greatly and by
1977 they had established a reproducing population in
Lake Oahe and had dispersed downstream into other
reservoirs and the unimpounded Missouri River and
upstream into Montana (Gould and Schmulbach 1981).
The smelt pass through hydroelectric turbines in

Missouri River dams (Unkenholz 1998), so they were
expected in samples from the IR zone. We found them
as far downstream as Missouri.

Mosquitofish are native to the Mississippi basin, but
have been widely stocked in the lower Missouri basin
in quiet ponds and backwaters (Page and Burr 1991).
We collected 227 mosquito fish, but only from the
Missouri portion of the river (Segments 23-27).

Applications

Presence/absence information, distribution patterns,
and quantitative abundance data (species richness, rela-
tive abundance, catch/effort) have been used to assess
temporal change in large rivers (Berry and Galat 1993,
Simon and Emery 1995), in portions of the Missouri
mainstem (Pflieger and Grace 1987, Hesse et al. 1993,
Grady and Milligan 1998, Mestl 1999, Berry and
Young 2004), and in tributaries to the Missouri River
(e.g., Cross and Moss 1987, Patton et al. 1998,
McMahon and Gardner 2001, Shearer and Berry 2003).
Also, use of fish community data for large-scale
assessments of river heath has been done with synthetic
indices such as the Index of Biotic Integrity (Harris and
Silveira 1999), which was also the focus of a Ph.D.
project associated with the Benthic Fishes Study
(Bergstedt et al. 2004).

Monitoring is necessary to assess progress towards
river restoration and species recovery goals (FWS
2000, NRC 2002). Smallscale habitat restoration proj-
ects on the Missouri River have sometimes been bio-
logically assessed (e.g., Atchison et al. 1986) and the
Corps of Engineers supports fisheries studies to evalu-
ate constructed chutes, river widening projects, back-
waters development, and other projects under the
Missouri River Fish and Wildlife Mitigation Project
(Mestl 2000). However, many restoration or mitigation
projects have not had adequate biomonitoring and
methods and data for future environmental assessments
are needed.

A monitoring program would allow adaptive manage-
ment (NRC 2002) as projects are evaluated. Fishes have
been used for “biomonitoring” in rivers because fish are
socially relevant and respond to habitat change (Karr and
Chu 1998). Fishes were useful for this study because
some species are long-lived and migratory, thus reflect-
ing environmental conditions over the temporal and spa-
tial scales of a great river such as the Missouri River.
Additionally, fishes use several macrohabitats depending
on life stage and season, and some species are top preda-
tors, so their analysis can reflect trophic conditions. The
term “big river fishes” describes the assemblage of fish-
es that includes many benthic specialists (inferior mouth,
dorsoventral flattening of the head, streamlined or deep
humpbacked body shape, sickle-shaped or enlarged pec-



toral fins, reduced eyes, developed electrosensory and
chemosensory organs). Warren et al. (1997) found the
most decline in southeastern fishes was in the benthic
assemblage. High levels of imperilment in fishes with
multiple niche axes converges on the benthic species as
benthic habitat becomes degraded from pollution and
hydrological change.

This Benthic Fishes Study was unique for its scope,
conduct and educational objectives (Berry and Young
2001). The analysis of physical habitat is possibly the
most robust and comprehensive ever assembled for the
Missouri River (Galat et al. 2001). Emphasis was
placed on how flow regime has changed and how the
current regime can be used to describe fish community
structure throughout the river system (Pegg 2000).
When distribution and abundance results for the benth-
ic fish assemblage presented here are combined with
results on growth, mortality, condition and size struc-
ture data presented by Pierce et al. (2004), patterns may
appear that show how these species have responded to
natural and anthropogenic factors in the riverscape. The
new life history information presented by Braaten
(2000), Dieterman (2000), Young (2001) and Welker
(2000) for sicklefin chub, sturgeon chub, emerald shin-
er, river carpsucker, freshwater drum, bigmouth buffa-
lo, smallmouth buffalo, white sucker, and flathead chub
help interpret population trends and add to the sparse
information on these species in large regulated river
environments. The fish community-level analyses were
innovative, unique for their scale and hold a great deal
of promise in aiding researchers and managers deter-
mine effectiveness of mitigation and rehabilitation
efforts (Pegg 2000, Bergstedt et al. 2004). Our experi-
ences and data have supported many technical assis-
tance efforts to date, and will continue to be important
as the Voyage of RecoverySM proceeds to restore the
rivers of Lewis and Clark.

CONCLUSIONS

The goal of the Benthic Fishes Study was to evaluate
the Missouri River fish community on a large spatial
scale and produce results that would assist agencies and
the public to interpret current conditions and make
decisions about how to manage the river. In Volume 1,
Table 3, Berry and Young (2001) provided a list of 42
concomitant fish studies on the Missouri River, but
none were at the basin scale, as was ours.

* Our data are the first for the Missouri River at such a
broad spatial scale and our focus on distribution and
population abundance data for benthic species leads
to several conclusions that have not been previously
possible.

FISH DISTRIBUTION AND ABUNDANCE 139

Our results were unique in its large spatial scale,

but generally agreed with presence/absence results
from local studies and with temporal trend data

from these local studies (e.g., Montana, Nebraska,
Missouri).

Significant year effects in C/E were found in 9 of 42
possible ANOVAs, mostly for data from benthic
trawls and electrofishing, which might be gears most
affected by discharge variations among years.

Catch of 77,196 benthic fishes was dominated by
emerald shiner, flathead chub, river carpsucker, and
channel catfish. Total catch was lowest in the IR seg-
ments and generally increased downstream in the
CH segments.

* The native range of five benthic species (burbot, blue

catfish, flathead catfish, sand shiner, white sucker)
did not include the entire mainstem.

* The benthic fishes assemblage was similar among

segments in the CH and LA zones, but dissimilar
among segments in the IR zone, with Segment 12
being the most dissimilar.

Data from 18 species was useful for making 22
planned contrasts, but 51% of the 924 contrasts were
not statistically possible, usually because of low total
catch, which indicates that greater effort will be
needed for future studies of this scale if statistical
comparisons are to be made. Alternatively, use of
statistical approaches less affected by sample size is
encouraged.

* Two-thirds of the contrasts among zones were

insignificant; most significant contrasts indicated
that catches in the LA zone were greater than in
altered zones.

In Segment 15 catch of most species was higher than
or similar to catches in Segment 14; the trend was
less obvious between Segments 15 and /7.

* There were no trends in catches among segments in

the LA or CH zones. Many contrasts were insignifi-
cant and there were about as many significant
increases in catch as decreases for planned contrasts
among segments in these zones.

Catches upstream from two reservoirs (Lake
Sakakawea, Fort Peck Lake) were generally higher
than catches downstream, perhaps because down-
stream segments 7, 8, and 12 were isolated between
dams.

Segment 12 stood out because of its depauparate fish
community; changes in kinds of fish compared to
other segments, and depressed catches.

Channel catfish was the only species judged common
in all macrohabitats; no species was a “macrohabitat
specialist”; catches were high for all species in at
least three macrohabitats; catches were high for all
species in ISB and SCC macrohabitats.
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* Catches were high for certain species in BEND
macrohabitats; six species had high total catches in
CHXOs and the catches in CHXOs tended to be
higher in the LA zone segments than in IR or CH
zone segments for species present in each segment
(sicklefin chub, shovelnose sturgeon, sauger).

* Conclusions about macrohabitat use are for the sam-
pling period only; we assume that fish use more than
one habitat depending on season and life stage.

* Catch of individual species (expect fathead minnows)
was weakly associated with one to four habitat fea-
tures; the associations were useful for speculating on
individual fish habitat needs during the
July—October period.

* The benthic fishes assemblage used a wide variety
of habitat conditions, which implies that managing
the river for variety would foster fish diversity conser-
vation.

* More sturgeon chubs (n = 2,051) were caught than
expected; most were caught in the benthic trawl in
deep (<3 m) and swift (0.6-0.8 m/s) water condi-
tions; more sicklefin chubs (n = 709) were caught
than expected, also in the benthic trawl, but in some-
what different habitat conditions than were associat-
ed with sturgeon chub catches.

* Four pallid sturgeons were caught: three in the
Yellowstone River and a Missouri River segment
near the Yellowstone confluence, and one in the
lower CH zone. The adult-sized fish were found in
deep (1.7 to 4.8 m) and swift (0.5 — 1.0 m/sec) water
conditions.

* Shovelnose sturgeon (n = 1,560) were caught in all
segments; most by drifting trammel nets; presence
sites tended to be deeper, with faster water velocity
and coarser substrates than found at absence sites.

* Species in the genus Hybognathus were difficult to
identify and most were grouped, thus reducing the
information gained from these fishes, but the distri-
bution of the group supported some of the general
conclusions of the study.

* Eighty other species brought the ichthyofaunal list to
106 species; 12 species had not been reported in the
open literature; 30 species reported by others were
not collected.

* Exotic or introduced species made up 15% of species
richness; most were recreational species or forage
fish introduced to improve angling; exotic Asian
carp were found in the CH zone.

* The goldeye a pelagic native species was common
(3,836 collected) and found in every segment; lowest
catches were in Segments 12 and 14.

* The main objectives of the study were accomplished
and with the additional data from six Dissertations,
our study was unique in its scale and design.

REFERENCES

Abell, R. A., D. M. Olson, E. Dinerstein, P. T. Hurley, J.
T. Diggs, W. Eichbaum, S. Walters, W.
Wettengel, T. Allnut, C. J. Loucks, and P.
Hedao. 2000. Freshwater ecoregions of North
America: a conservation assessment. Island
Press: Washington, D.C.

AFS (American Fisheries Society). 1988. Guidelines
for use of fishes in field research. Fisheries
13:16-23.

Allan, J. D. 1995. Stream ecology: structure and func-
tion of running waters. Chapman and Hall,
NY.

Allan, J. D., D. Erickson, and J. Fay. 1997. The influ-
ence of catchment land use on stream integrity
across multiple spatial scales. Freshwater
Biology 37:149-161.

Atchison, G. J., R. W. Bachmann, J. G. Nickum, J. B.
Barnum, and M. B. Sandheinrich. 1986.
Aquatic biota associated with channel stabi-
lization structures and abandoned channels in
the middle Missouri River. COE Technical
Report E-86-6. lowa State University: Ames.

Axon, J. R. and D. Whitehurst. 1985. Striped bass man-
agement in lakes with emphasis on manage-
ment problems. Transactions of the American
Fisheries Society 114:8-11.

Bailey, R. M. and M. O. Allum. 1962. Fishes of South
Dakota. University of Michigan,
Miscellaneous Publications, Museum of
Zoology, No. 119. Ann Arbor.

Bain, M. B. and N. Stevenson. 1999. Aquatic habitat
assessment. American Fisheries Society,
Bethesda, MD.

Baxter, G. T. and M. D. Stone. 1995. Fishes of
Wyoming. Wyoming Game and Fish
Department.

Becker, D. A. and R. D. Gorton. 1995. The Missouri
River: A formula for ecosystem change. Pages
275-297 in S. Johnson and A. Bouzaher, edi-
tors. Conservation of Great Plains
Ecosystems. Kluwer Academic Publishers:
Boston, MA.

Berg, R. K. 1981. Fish population of the wild and sce-
nic Missouri River, Montana. Federal Aid to
Fish and Wildlife, Project FW3R, Montana
Department of Fish, Wildlife and Parks,
Helena, MT.

Bergstedt, L. C., R. White, and A. Zale. 2004.
Development of and index of biotic integrity
for measuring biological condition on the
Missouri River. Volume 7. Population struc-
ture and habitat use of benthic fishes along the



Missouri and lower Yellowstone Rivers. U. S.
Geological Survey, Cooperative Research
Units. Available in PDF format at
http://www.nwo.usace.army.mil (access
05/26/04).

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

Berry, C. R. Jr. and B. A. Young. 2001. Introduction to
the benthic fishes study. Volume 1. Population
structure and habitat use of benthic fishes
along the Missouri and lower Yellowstone
Rivers. U. S. Geological Survey, Cooperative
Research Units, South Dakota State
University, Brookings, SD.

Berry, C. R. Jr. and B. A. Young. 2004. Fishes of the
Missouri National Recreational River, South
Dakota and Nebraska. Great Plains Research
14(1): 89-114.

Berry, C. R. Jr. and D. L. Galat. 1993. Restoration
planning for the rivers of the Mississippi River
Ecosystem: Summary. Pages 490-499 in L. W.
Hesse, C. B. Stalnaker, N. G. Benson, and J.
R. Zuboy, editors. Restoration planning for the
rivers of the Mississippi River ecosystem.
Biological Report 19, National Biological
Survey, Washington, D.C.

Braaten, P. J. 2000. Growth of fishes in the Missouri
River and lower Yellowstone River, and factors
influencing recruitment of freshwater drum in
the lower channelized Missouri River. Ph.D.
Dissertation, Kansas State University,
Manhattan.

Braaten, P. J. and C. S. Guy. 2002. Life history attrib-
utes of fishes along the latitudinal gradient of
the Missouri River. Transactions of the
American Fisheries Society 131:931-945.

Braaten, P. J. and C. S. Guy, editors. 1995. Population
structure and habitat use of benthic fishes
along the Missouri River. Corps of Engineers,
Annual Report PD-95-5832.

Braaten, P. J., M. Doeringsfeld, and C. S. Guy. 2002.
Comparison of age and growth estimates for
river carpsuckers using scales and dorsal fin
ray sections. North American Journal of
Fisheries Management 19:786-792.

Bramblett, R. G. and R. G. White. 2001. Habitat use
and movements of pallid and shovelnose stur-
geon in the Yellowstone and Missouri Rivers
in Montana and South Dakota. Transactions of
the American Fisheries Society 130:1006-
1025.

Brown, C. J. D. 1971. Fishes of Montana. Montana

State University, Bozeman, MT.
Brown, D. J. and T. G. Coon. 1991. Grass carp larvae

FISH DISTRIBUTION AND ABUNDANCE 141

in the lower Missouri River and its tributaries.
North American Journal of Fisheries
Management 11:62-66.

Brown, D. J. and T. G. Coon. 1994. Abundance and
assemblage structure of fish larvae in the
lower Missouri River and its tributaries.
Transactions of the American Fisheries
Society 123:718-732.

Carlson, D., W. Pflieger, L. Trial, and P. Haverland.
1985. Distribution, biology and hybridization
of Scaphirhynchus albus and S. platorynchus
in the Missouri and Mississippi Rivers.
Environmental Biology of Fishes 14:51-59.

CE (Corps of Engineers) 1981. Missouri River bank
stabilization and navigation project final feasi-
bility report and final EIS for the fish and
wildlife mitigation plan. U. S. Army Corps of
Engineers, Missouri River Division, Omaha,
NE.

CE (Corps of Engineers) 1998. Summary of the pre-
liminary RDEIS, master water control manu-
al, Missouri River, review and update study. U.
S. Army Corps of Engineers, Northwestern

Division, Missouri River Region, Omaha, NE.
Cobb, S. P, C. Elliott, and J. M. Klaus. 1989. Lower

Mississippi River aquatic habitat classifica-
tion: channel environment. U. S. Army Corps
of Engineers, Lower Mississippi Valley,
Division, Vicksburg, MS.

Cooke, S. J, C. Bunt, S. Hamilton, C. Jennings, M.
Pearson, M. Cooperman, and D. Markle. 2004.
Threats, conservation strategies, and prognosis
for suckers (Catostomidae) in North America:
insights from regional case studies of a diverse
family of nongame fishes. Biological
Conservation 121:317-331.

Cooper, E., editor. 1987. Carp in North America.
American Fisheries Society, Bethesda, MD.

Cross, F. and J. Collins. 1995. Fishes of Kansas,
University of Kansas, Natural History
Museum, Public Education Series No. 14,
Lawrence.

Cross, F. and R. E. Moss. 1987. Changes in the fish
fauna of the lower Missouri River, 1940-1983.
Pages 155-165 in W. Matthews and D. Heins,
editors. Community and evolutionary ecology
of North American stream fishes. University
of Oklahoma Press, Norman.

Cross, F., R. Mayden, and J. Stewart. 1986. Fishes in
the Western Mississippi Basin (Missouri,
Arkansas, and Red Rivers) Pages 363-412. in
C. Hocutt and E. Wiley, editors. The
Zoogeography of North American Freshwater
Fishes. John Wiley and Sons, NY.



142 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Crossman, E. J. 1986. The noble muskellunge: A
review. American Fisheries Society Special
Publication 15:1-13.

Curtis, G. L., J. Ramsey, and D. L. Scarnecchia. 1997.
Habitat use and movements of shovelnose
sturgeon in Pool 13 of the upper Mississippi
River during extreme low flow conditions.
Environmental Biology of Fishes 50:175-182.

Dettmers, J. M., S. Gutreuter, D. H. Wahl, and D. A.
Soluk. 2001. Patterns in abundance of fishes
in main channels of the upper Mississippi
River system. Canadian Journal of Fisheries
and Aquatic Sciences 58(5):933-942.

Dieterman, D. J. 2000. Spatial patterns in phenotypes
and habitat use of sicklefin chub,
Macrhybopsis meeki, in the Missouri and
lower Yellowstone Rivers. Ph.D. Dissertation,
University of Missouri, Columbia, MO.

Dieterman, D. J. and C. R. Berry Jr. 1998. Fish com-
munity and water quality changes in the Big
Sioux River. The Prairie Naturalist 30:199-
224.

Dieterman, D. J. and D. L. Galat. 2004. Large-scale
factors associated with sicklefin chub distribu-
tion in the Missouri and lower Yellowstone
Rivers. Transactions of the American Fisheries
Society 133:577-587.

Dieterman, D. J., M. P. Ruggles, M. L. Wildhaber, and
D. L. Galat. 1997. Population structure and
habitat use of benthic fishes along the
Missouri and lower Yellowstone Rivers.
Annual Report — 1996. Study PD-95-5832 to
U. S. Army Corps of Engineers and U. S.
Bureau of Reclamation.

Duffy, W. G., C. R. Berry Jr., and K. Keenlyne. 1996.
The Pallid Sturgeon. Biology and Annotated
Bibliography through 1994. South Dakota
Cooperative Fish and Wildlife Research Unit,
Technical Bulletin Number 5, South Dakota
State University, Brookings, SD.

Edwards, E. A. 1983. Habitat suitability index model:
bigmouth buffalo. FWS/OBS-82.10.24. U. S.
Fish and Wildlife Service, Washington, D.C.

Edwards, E. A. and K. Twomey. 1982a. Habitat suit-
ability index models: smallmouth buffalo.
FWS/OBS-82/10.13. U. S. Fish and Wildlife
Service. Washington, D.C.

Edwards, E. A. and K. Twomey. 1982b. Habitat suit-
ability index models: Common carp.
FWS/OBS-82/10.12. U. S. Fish and Wildlife
Service, Washington, D.C.

Emery, E. B., T. P. Simon, F. H. McCormick, P. L.
Angermeier, J. E. Deshon, C. O. Yoder, R. E.
Sanders, W. D. Pearson, G. D. Hickman, R. I.

Reash, and J. A. Thomas. 2003. Development
of a multimetric index for assessing the bio-
logical condition of the Ohio River.
Transactions of the American Fisheries
Society 132:791-808.

Everett, S. 1999. Life history and ecology of three
native benthic fishes in the Missouri and
Yellowstone Rivers. M. S. Thesis, University
of Idaho, Moscow.

Everett, S. R., D. L. Scarnecchia, G. J. Power, and C. I.
Williams. 2002. Comparison of age and
growth of shovelnose sturgeon in the Missouri
and Yellowstone Rivers. North American
Journal of Fisheries Management 23:230-240.

Fisher, S. J. and D. W. Willis. 2000. Observations of
Age-O blue sucker, Cycleptus elongates, uti-
lizing an upper Missouri River backwater.
Journal of Freshwater Ecology 15:435-427.

Fisher, S. J., D. W. Willis, and K. L. Pope. 1996. An
assessment of burbot (Lota lota) weight-length
data from North American populations.
Canadian Journal of Zoology 74:570-575.

Fisher, S. J., D. W. Willis, M. M. Olson, and S. C.
Krentz. 2002. Flathead chubs, Platygobio gra-
cilis, in the upper Missouri River: the biology
of a species at risk in an endangered habitat.
The Canadian Field-Naturalist 116:26-41.

Fremling, C., J. Rasmussen, R. Sparks, S. Cobb, C.
Bryan, and T. Claflin. 1989. Mississippi River
fisheries: a case history. Pages 309-351 in D.
P. Dodge, editor, Proceedings of the
International Large River Symposium,
Canadian Special Publication of Fisheries and
Aquatic Sciences 106.

Freiburger, Chris E. 1992. Bioenergetics and life his-
tory of rainbow smelt in Lake Oahe, South
Dakota. M. S. thesis, south Dakota State
University, Brookings. 102 pp.

Frissell, C. A., W. J. Liss, C. E. Warner, and M. Hurley.
1986. Hierarchical framework for stream habi-
tat classification: viewing streams in a water-
shed context. Environmental Management

10:199-214.
Funk, J. L. and J. W. Robinson. 1974. Changes in the

channel of the lower Missouri River and
effects on fish and wildlife. Aquatic Series 11.
Missouri Department of Conservation,
Jefterson City, Missouri.

FWS (Fish and Wildlife Service). 1980. Fish and
wildlife coordination act report, Missouri
River bank stabilization and navigation proj-
ect. Division of Ecological Services, Kansas
City, Missouri.

FWS (Fish and Wildlife Service). 1993. Status report



on blue sucker (Cycleptus elongatus), a candi-
date endangered or threatened species.
Ecological Services North Dakota State
Office, Bismarck.

FWS (Fish and Wildlife Service). 2000. Biological
opinion on the operation of the Missouri River
main stem reservoir system, operation and
maintenance of the Missouri River bank stabi-
lization and navigation project and operation
of the Kansas River Reservoir System.

Region 6, Denver, Colorado and Region 3,
Fort Snelling, Minnesota.

Galat, D. L. and 1. Zweimuller. 2001. Conserving large-
river fishes: is the highway analogy an appro-
priate paradigm? Journal North American
Benthological Society 20:266-279.

Galat, D. L. and R. Lipkin. 2000. Restoring the ecolog-
ical integrity of great rivers: historical hydro-
graphs aid in defining reference conditions for
the Missouri River. Hydrobiologia
422/423:29-48.

Galat, D. L. and S. J. Clark. 2002. Fish spawning and
discharge-temperature coupling along the
Missouri River: implications for environmen-
tal flows. Sixth Annual Missouri River Natural
Resources Conference, South Sioux City,
Nebraska. (Abstract). Online at:
http://infolink.cr.usgs.gov/Events/03.htm.

Galat, D. L., C. B. Berry, W. M. Gardner, J. C.
Hendrickson, G. E. Mestl, G. J. Power, C.
Stone, and M. R. Winston. 2005.
Spatiotemporal patterns and changes in
Missouri River fishes. Pages xxx in American
Fisheries Society: Bethesda, MD.

Galat, D. L., J. W. Robinson, and L. W. Hesse. 1996.
Restoring aquatic resources to the lower
Missouri River: issues and initiatives. Pages
49-72 in D. L. Galat and A. G. Frazier, editors.
Overview of river-floodplain ecology in the
upper Mississippi River basin. Volume 3 of J.
A. Kelmelis, editor. Science for floodplain

management into the 215t century. U. S.
Government Printing Office, Washington,
D.C.

Galat, D. L., M. L. Wildhaber, and D. J. Dieterman.
2001. Spatial patterns of physical habitat.
Volume 2. Population structure and habitat use
of benthic fishes along the Missouri and lower
Yellowstone Rivers. U. S. Geological Survey,
Cooperative Research Units, University of
Missouri, Columbia, MO.

Goldstein, R. M., J. Stauffer, P. Larson, and D. Lorenz.
1996. Relation of physical and chemical char-

FISH DISTRIBUTION AND ABUNDANCE 143

acteristics of streams to fish communities in
the Red River of the North Basin, Minnesota
and North Dakota, 1993-95. Water-Resources
Investigations Report 96-4227, U. S.
Geological Survey, Mounds View, MN.

Gould, G. and J. Schmulbach. 1981. Relative abun-
dance and distribution of fishes in the
Missouri River, Gavins Point Dam to Rulo,
Nebraska, final report, Missouri River envi-
ronmental inventory. U. S. Army Corps of
Engineers, Missouri River Division.

Grady, J. and J. Milligan. 1996. Lower Missouri River
rare and endangered fishes distribution, rela-
tive abundance and community association. U.

S. Fish and Wildlife Service: Columbia, MO.
Grady, J. and J. Milligan. 1998. Status of selected

cyprinid species at historic lower Missouri
River Sampling sites. U. S. Fish and Wildlife
Service, Columbia, MO.

Graham, K. 1999. A review of the biology and manage-
ment of blue catfish. Pages 37-50 in E. Irwin,
W. Hubert, C. Rabeni, H. Schramm, and T.
Coon, editors. Catfish 2000: Proceedings of
the International Ictalurid Symposium.
American Fisheries Society, Symposium 24,
Bethesda, MD.

Groen, C. L. and J. C. Schmulbach. 1978. The sport
fishery of the unchannelized and channelized
middle Missouri River. Transactions of the

American Fisheries Society 107: 412-418.
Hampton, D. R. and C. R. Berry Jr. 1997. Fishes of the

main stem Cheyenne River in South Dakota.
Proceedings of the South Dakota Academy of
Science 76:11-25.

Harlan, J. R. and E. B. Speaker. 1987. Iowa: fish and
fishing. Iowa Department of Natural
Resources. Des Moines.

Harris, J. H. and R. Silveira. 1999. Large-scale assess-
ments of river health using an index of biotic
integrity with low-diversity fish communities.
Freshwater Biology 41:235-252.

Hawkes, H. A. 1975. River zonation and classification.
Pages 312-374 in B. A. Whitton, editor. River
ecology. University of California Press:

Berkeley, CA.
Hendrickson, J., J. D. Lee, and L. McGregor. 1995.

Aquatic Investigations of the Missouri River
System in North Dakota. North Dakota
Fisheries Investigations, Report Number 16,
North Dakota Game and Fish Department,
Bismarck.

Hesse, L. W. 1987. Taming the wild Missouri River:
what has it cost? Fisheries 12(2):2-9.

Hesse, L. W. 1994. The status of Nebraska fishes in the



144 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Missouri River. Transactions of the Nebraska
Academy of Science 21:7-13.

Hesse, L. W. 1996. Floral and faunal trends in the mid-
dle Missouri River. Pages 73-90 /n D. L. Galat
and A. G. Frazier, editors. Overview of river-
floodplain ecology in the upper Mississippi
River basin. Volume 3 in J. A. Kelmelis, edi-
tor. Science for floodplain management into

the 215t century. U. S. Government Printing
Office, Washington, D.C.

Hesse, L. W. 1997. The impact of Missouri River Main
Stem dams and channelization on floodplain
habitat for native fish. Pages 43-45 in G.
Freeman and A. Frazier, editors. Volume 5 of
Science for floodplain management into the

218t Century. U. S. Geological Society,
Reston, VA.

Hesse, L. W. and G. E. Mestl. 1993. An alternative
hydrological cycle for the Missouri River
based on the pre-control condition. North
American Journal of Fisheries Management
13:360-366.

Hesse, L. W. and J. Schmulbach. 1991. The Missouri
River: the Great Plains thread of life. Missouri
River Brief Series 16. Northern Lights
Research and Education Institute, Billings,
MT.

Hesse, L. W. and W. Sheets. 1993. The Missouri River
hydrosystem. Fisheries 18(5):5-13.

Hesse, L. W.,, C. W. Wolfe, and N. K. Cole. 1988. Some
aspects of energy flow in the Missouri River
ecosystem and a rationale for recovery in N.
G. Benson, editor. The Missouri River: the
resources, their uses and values. North Central
Division, American Fisheries Society, Special
Publication No. 8:13-29.

Hesse, L. W, G. E. Mestl, and J. W. Robinson. 1993.
Status of selected fishes in the Missouri River
in Nebraska with recommendations for their
recovery. Pages 327-340 in L. W. Hesse, C. B.
Stalnaker, N. G. Benson, and J. R. Zuboy, edi-
tors. Restoration planning for the rivers of the
Mississippi River ecosystem. Biological
Report 19, National Biological Survey,
Washington, D.C.

Hesse, L. W., J. Schmulbach, J. Carr, K. Keenlyne, D.
Unkenholz, J. Robinson, and G. Mestl. 1989.
Missouri River fishery resources in relation to
past, present, and future stresses. Pages 352-
371 in D. P. Dodge, editor. Proceedings of the
International Large River Symposium.
Canadian Special Publication of Fisheries and
Aquatic Sciences 106.

Hesse, L. W., Q. P. Bliss, and G. J. Zuerlein. 1982.
Some aspects of the ecology of adult fishes in
the channelized Missouri River with special
reference to the effects of two nuclear power
generating stations. Pages 225-278 in L. W.
Hesse et al. editors. The Middle Missouri
River: a collection of papers on the biology
with special reference to power station effects.
The Missouri River Study Group, Norfolk,
NE.

Holden, P. B. and C. B. Stalnaker. 1975. Distribution
and abundance of mainstream fishes of the
middle and upper Colorado River Basins,
1967-1973. Transactions of the American

Fisheries Society 104:217-231.
Holton, G. D. 1990. A field guide to Montana fishes.

Montana Department of Fish, Wildlife, and
Parks: Helena, MT.

Horn, H. S. 1966. Measurement of overlap in compar-
ative ecological studies. American Naturalist
100:419-424.

Hubert, W. 1999. Biology and management of channel
catfish. Pages 3 - 22 in E. Irwin, W. Hubert,
C. Rabeni, H. Schramm, and T. Coon, editors.
Catfish 2000: Proceedings of the International
Ictalurid Symposium. American Fisheries
Society, Symposium 24, Bethesda, MD.

Hurley, K. L., R. Sheehan, R. Heidinger, P. Wills, and
B. Clevenstine. 2004. Habitat use by middle
Mississippi River pallid sturgeon. Transactions
of the American Fisheries Society 133:1033-
1041.

IFMRC (Interagency Floodplain Management Review
Committee). 1994. Sharing the challenge,
floodplain management into the 218t Century.
Washington, D.C.

Jackson, D. C. 1999. Flathead catfish: biology, fish-
eries, and management. Pages 23-36 in E.
Irwin, W. Hubert, C. Rabeni, H. Schramm, and
T. Coon, editors. Catfish 2000: Proceedings of
the International Ictalurid Symposium.
American Fisheries Society, Symposium 24,
Bethesda, MD.

Jacobson, R. and M. S. Laustrup. 2000. Habitat assess-
ment for pallid sturgeon overwintering sur-
veys, lower Missouri River. MICRA Pallid
Sturgeon Habitat Report, U. S. Geological
Survey, Columbia, MO.
http://www.cerc.usgs.gov/pubs/center/pdfDocs
/micra_whole.pdf (accessed 09/13/04)

Jester, D. B, A. A. Echelle, W. J. Matthews, J. Pigg, C.
M. Scott, AND K. D. Collins. 1992. The fish-
es of Oklahoma, their gross habits, and their
tolerance of degradation in water quality and



habitat. Proceedings of Oklahoma Academy of
Science. 72: 7-19.

Johnson, C. 1992. Dams and riparian forests: Case
study from the upper Missouri River. Rivers
3:229-242.

Kallemeyn, L. W. and J. Novotny. 1977. Fish and fish
food organisms in various habitats of the
Missouri River in South Dakota, Nebraska,
and Iowa. U. S. Fish and Wildlife Service,
Office of Biological Services, Columbia, MO.
FWS/OBS-77/25. 100 pp.

Karr, J. R. and E. W. Chu. 1998. Restoring Life in
Running Water. Island Press: Washington,

D.C.
Koel, T. 2004. Spatial variation in fish species richness

of the upper Mississippi River system.
Transactions of the American Fisheries
Society 133:894-1003.

Latka, D. C., J. Nestler, and L. W. Hesse. 1993.
Restoring physical habitat in the Missouri
River: A historical perspective. Pages 350-359
in L. W. Hesse, C. B. Stalnaker, N. G. Benson,
and J. R. Zuboy, editors. Restoration planning
for the rivers in the Mississippi River.
Biological Report 19, National Biological
Survey, Washington, D.C.

Latka, D. C., J. Ramsey, and J. Morris. 1995. Selection
of tributary confluence habitat by shovelnose
sturgeon in the channelized Missouri River.
Pages 250-258 in Proceedings of the
International Sturgeon Symposium, VNIRO
Publications.

Lee, D., C. Gilbert, C. Hocutt, R. Jenkins, D.
McAllister, and J. Stauffer. 1980. Atlas of
North American Freshwater Fishes. North
Carolina Biological Survey, Publication 1980-
12, North Carolina State Museum of Natural
History, Raleigh, NC.

Limbird, R. L. 1993. The Arkansas River — a changing
river. Pages 282-294 in Proceedings of the
Symposium on restoration planning for the
rivers of the Mississippi River ecosystem, L.
W. Hesse, C. B. Stalnaker, N. G. Benson, and
J. R. Zuboy, editors. Biological Report 19. U.
S. Department of the Interior, National
Biological Survey: Washington, D.C.

Loomis, T. M. 1997. Status of western silvery minnows
and plains minnows in the Missouri River
basin with notes on their taxonomy. Pages 63-
89 in T. M. Loomis. Survey of the fishes and
habitat in the upper Moreau River, Perkins
County, South Dakota. M.S. Thesis, South
Dakota State University, Brookings, SD.

Loomis, T. M., C. R. Berry Jr., and J. Erickson. 1999.

FISH DISTRIBUTION AND ABUNDANCE 145

The fishes of the upper Moreau River basin.
The Prairie Naturalist 31:193-214.

Matthews, W. J. 1998. Patterns in freshwater fish ecolo-
gy. Chapman and Hall: NY.

McComish, T. S. 1967. Food habits of bigmouth and
smallmouth buffalo in Lewis and Clark Lake
of the Missouri River. Transactions of the
American Fisheries Society, 96:70-74.

McMahon, T. E. 1999. Status of Sauger in Montana.
Report prepared for Montana Fish, Wildlife,
and Parks, available: Montana State
University, Bozeman, MT. 93 pp.

McMahon, T. E. and W. M. Gardner. 2001. Status of
sauger in Montana. Intermountain Journal of
Sciences 7:1-21.

McMahon, T. E., A. Zale, and D. Orth. 1996. Aquatic
habitat measurements. Pages 83-120 in B.
Murphy and D. W. Willis, editors. Fisheries

Techniques, 21d Edition. American Fisheries
Society, Bethesda, MD.

Mestl, G. 1999a. Changes in Missouri River channel
catfish populations after closing commercial
fishing. Pages 455-460 in E. R. Irwin, W. A.
Hubert, C. F. Rabeni, H. L. Schramm, and T.
Coon, editors. Catfish 2000: Proceedings of
the International Ictalurid Symposium,
American Fisheries Society Symposium 24.
American Fisheries Society: Bethesda, MD.

Mestl, G. 1999b. Missouri River Ecology. Annual
Report F-75-R-16. Nebraska Game and Parks
Commission, Lincoln, NE.

Mestl, G. 2000. Missouri River Fish and Wildlife
Mitigation Project Monitoring Program. Joint
Meeting, IA-NE Chapters, American Fisheries
Society Meeting, January 18-20, 2000:Council
Bluffs, IA.

Mestl, G. E., G. A. Wickstrom, and C. C. Stone. 2001.
Nebraska and South Dakota 2000 Missouri
River Recreational Use Survey. Federal Aid
Report No. F-75-R-18. , Game and Parks
Commission, Lincoln, NE.

Mizzi, J. A. 1994. Zooplankton, macroinvertebrates,
herptiles, and ichthyofanual biodiversity of
riverine habitat on the upper Missouri River.
M.S. Thesis, South Dakota State University,
Brookings, SD.

Modde, T. C. and J. C. Schmulbach. 1977. Food and
feeding behavior of the shovelnose sturgeon in
the unchannelized Missouri River, South
Dakota. Transactions of the American
Fisheries Society 106:602-608.

Morey, N. M. and C. R. Berry Jr. 2003. Biological
characteristics of the blue sucker in the James



146 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

River and the Big Sioux River, South Dakota.
Journal of Freshwater Ecology 18:33-41.

Moring, J. R. 1996. Fish discoveries by the Lewis and
Clark and Red River expeditions. Fisheries
21(7): 6-12.

Morris, J., L. Morris, and L. Witt. 1974. The Fishes of
Nebraska. Nebraska Game and Parks
Commission, Lincoln, NE.

Muth, R. T. and J. Schmulbach. 1984. Downstream
transport of fish larvae in a shallow prairie
river. Transactions of the American Fisheries
Society 113: 224-230.

NatureServe. 2002. States of the Union: Ranking
America’s Biodiversity. NatureServe,
Arlington, VA, www.natureserve.org (access
05/28/04).

Nelson, W., R. Siefert, and D. Swedberg. 1968. Studies
on the early life histories of reservoir fishes
pages 374-385 in Reservoir Fishery Resources
Symposium, Reservoir Committee, Southern
Division, American Fisheries Society.

NRC (National Research Council). 2002. The Missouri
River ecosystem, exploring the prospects for
recovery. National Academy Press:
Washington, D.C.

Page, L. M. and B. Burr. 1991. Freshwater Fishes.
Houghton Mifflin Publishers, Boston, MA.

Patton, T. M., F. J. Rahel, and W. A. Hubert. 1998.
Using historical data to assess changes in
Wyoming’s fish fauna. Conservation Biology
12:1120-1128.

Pierce, Clay, C. Guy, M. Pegg, and P. Braaten. 2004.
Fish growth, mortality, recruitment, condition,
and size structure. Volume 4. Population struc-
ture and habitat use of benthic fishes along the
Missouri and lower Yellowstone Rivers.

Pegg, M. A. and C. L. Pierce. 2002a. Fish community
structure in the Missouri and lower
Yellowstone Rivers in relation to flow charac-
teristics. Hydrobiologia 479:155-167.

Pegg, M. A. and C. L. Pierce. 2002b. Classification of
reaches in the Missouri and lower Yellowstone
Rivers based on flow characteristics. River
Research and Applications 18: 31-42.

Peterman, L. 1980. The Yellowstone River: An instream
flow allocation for the warm-water portion.
Montana Department of Fish, Wildlife and
Parks, Helena, MT.

Petts, G. E. 1984. Impounded rivers: perspectives of
ecological movement. John Wiley and Sons:
NY.

Pflieger, W. L. 1971. A distributional study of Missouri
fishes. University of Kansas, Museum of
Natural History, Public. 20(3):225-270.

Pflieger, W. L. 1997. The Fishes of Missouri. Missouri
Department of Conservation, Jefferson City.

Pflieger, W. L. and T. B. Grace. 1987. Changes in the
fish fauna of the lower Missouri River, 1940-
1983. Pages 166-177 in W. J. Matthews and D.
C. Heins, editors. Community and evolution-
ary ecology of North American stream fishes.
University of Oklahoma Press, Norman.

Pflieger, W. L., D. J. Dieterman, and D. L. Galat. 1999.
Identification and verification of Missouri
River fishes. Report prepared for Missouri
River benthic fishes consortium. Missouri
Cooperative Fish and Wildlife Research Unit,
University of Missouri, Columbia, MO.

Poff, N., J. Allan, M. Bain, J. Karr, K. Prestegaard, B.
Richter, R. Sparks, and J. Stromberg. 1997.
The natural flow regime. BioScience 47:769-
784.

Powell, K. A. 2002. Fish-habitat associations in small
backwaters of the upper Missouri River, North
Dakota. M.S. thesis, South Dakota State
University, Brookings, SD.

Quist, M. C., W. A. Hubert, and F. J. Rahel. 2004.
Relations among habitat characteristics, exotic
species, and turbid-river cyprinids in the
Missouri River drainage in Wyoming.
Transactions of the American Fisheries
Society 133:727-742.

Reash, R. and J. Van Hassel. 1988. Distribution of
upper and middle Ohio River fishes, 1973-
1985: 1I. Influence of zoogeographic and
physiochemical tolerance factors. Journal of
Freshwater Ecology 4: 459-476.

Reigh, R. and J. B. Owen. 1979. Fishes of the western
tributaries of the Missouri River in North
Dakota. No. 79-2. Regional Environmental
Assessment Program, Bismarck, ND.

Ruelle, R. and K. Keenlyne. 1994. The suitability of
shovelnose sturgeon as a pallid sturgeon surro-
gate. Proceedings of the South Dakota
Academy of Science 73:67-82.

Sappington, L., D. J. Dieterman, and D. L. Galat. 1998.
Standard operating procedures for population
dynamics and habitat use of benthic fishes
along the Missouri River. Report from the
Benthic Fishes Consortium for Corps of
Engineers, Project PD-95-5832. Planning
Division, Omaha, NE.

SAS (SAS Institute). 1992. SAS/LAB software, release

6.08. SAS Institute, Cafiy, NC.
Schmidt, B. R. 1975. Results and evaluation of an aeri-

al creel survey technique of Lake Sharpe,
South Dakota. M.S. thesis, South Dakota State
University, Brookings, SD.



Schmidt, T. R. 1994. Phylogenetic relationships on the
genus Hybognathus (Teleostei: Cyprinidae).
Copeia 1994: 622-630.

Schmulbach, J., G. Gould, and C. Groen. 1975.
Relative abundance and distribution of fishes
in the Missouri River, Gavins Point Dam to
Rulo, Nebraska. Proceedings of the South
Dakota Academy of Science 54:194-222.

Schmulbach, J. C., J. Schuckman, and E. Nelson. 1981.

Aquatic habitat inventory of the Missouri
River from Gavins Point Dam to Ponca State
Park, Nebraska. University of South Dakota,
Job Completion Report to U. S. Corps of

Engineers. 15 pp.
Schmulbach, J. C., L. W. Hesse, and J. E. Bush. 1992.

The Missouri River - Great Plains thread of
life. Pages 137-158 in C. D. Becker and D. A.
Nietzel, editors. Water Quality in North
American River Systems. Battelle Press,
Columbus, OH.

Schrank, S. J. and C. S. Guy. 2002. Age, growth, and
gonadal characteristics of adult bighead carp,
Hypophthalmichthys nobilis, in the lower
Missouri River. Environmental Biology of
Fishes 64:443-450.

Schrank, S. J., C. S. Guy, and J. F. Fairchild. 2003.
Competitive interactions between age-O big-
head carp and paddlefish. Transactions of the
American Fisheries Society 132:1222-1228.

Schwehr, D. 1977. Part III. Food habitat and forage
fish. in The effect of altered streamflow on
fish of the Yellowstone and Tongue Rivers,
Montana Technical Report. No §, Yellowstone
Impact Study, Department of Natural
Resources and Conservation, Helena, MT.

Shearer, J. S. and C. R. Berry Jr. 2002. Index of biotic
integrity utility for the fishery of the James
River of the Dakotas. Journal of Freshwater
Ecology 17:575-588.

Simon, T. P. and E. B. Emery. 1995. Modification and
assessment of an index of biotic integrity to
quantify water resources quality in great
rivers. Regulated Rivers: Research and
Management 11:283-298.

Stanley, J., W. Miley, and D. Sutton. 1978.
Reproductive requirements and likelihood for
naturalization of escaped grass carp in the
United States. Transactions of the American
Fisheries Society 107:119-128.

Stanovick, J. S. 1999. Recreational harvest rates,
release rates, and average length of catfish on
the Missouri River, Missouri before and after
the commercial catfish ban. American
Fisheries Society Symposium 24: 443-446.

FISH DISTRIBUTION AND ABUNDANCE 147

Stauffer, K. W. 1991. Habitat use and growth of juve-
nile catfish (Ictalurus punctatus and
Pylodictus olivaris) in the Missouri River and
a tributary, the Lamine River. M.S. thesis.
University of Missouri, Columbia, MO.

Strayer, D. L. 1999. Statistical power of presence-
absence data to detect population declines.
Conservation Biology 13:1034-1038.

ter Braak, C. J. F. and P. Smilauer. 1998. CANOCO
Reference Manual and User’s Guide to
Canoco for Windows: Software for Canonical
Community Ordination (Version 4).

Microcomputer Power, Ithaca, NY.
Troelstrup, N., H. 1985. Macroinvertebrate colonization

and consumer food habits in the Missouri
River of northeastern Nebraska. M.S. thesis,
University of Nebraska, Lincoln, NE.

Twomey, K. A., K. Williamson, and P. Nelson. 1984.
Habitat suitability index models and instream
flow suitability curves: white sucker.
FWS/OBS-82/10.64, U. S. Fish and Wildlife
Service, Washington, D.C.

Unkenholz, E. G. 1998. Entrainment of rainbow smelt
through Oahe Dam, South Dakota. M.S.
Thesis, South Dakota State University,
Brookings, SD.

Van Hassel, J., R. Reash, and H. Brown. 1988.
Distribution of upper and middle Ohio River
fishes, 1973-1985: 1. Associations with water
quality and ecological variables. Journal of
Freshwater Ecology 4:441-458.

Van Zee, B. E. 1996. Assessment of walleye, sauger,
and black bass population in Lewis and Clark
Lake, South Dakota. M.S., South Dakota State
University, Brookings, SD.

Verrill, D. and C. R. Berry Jr. 1995. Effectiveness of an
electrical barrier and lake drawdown for
reducing common carp and bigmouth buffalo
abundances. North American Journal of
Fisheries Management 15:137-141.

Voightlander, C. and W. Poppe. 1989. The Tennessee
River. Pages 372-384 in D. P. Dodge, editor,
Proceedings of the International Large River
Symposium, Can. Spec. Publ. Fish. Aquat.

Sci. 106.
Walburg, C. and W. Nelson. 1966. Carp, river carp-

sucker, smallmouth buffalo, and bigmouth
buffalo in Lewis and Clark Lake, Missouri
River, Bureau of Sport Fisheries and Wildlife
Research Report 69:30 p.

Walburg, C. H. 1976. Fish population studies, Lewis
and Clark Lake, Missouri River, 1956-1976.
Research Report 79. Washington, D.C.: U. S.
Fish and Wildlife Service.



148 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Walburg, C. H., G. L. Kaiser, and P. L. Hudson. 1971.
Lewis and Clark Lake tailwater biota and
some relations of tailwater and reservoir fish
populations. Pages 449-467 in G. Hall, editor.
Reservoir Fisheries and Limnology:
Publication Number 8, American Fisheries
Society, Bethesda, MD.

Warren, M. L. Jr.,, P. L. Angermeier, B. M. Burr, and W.
R. Haag. 1997. Decline of a diverse fish
fauna: patterns of imperilment and protection
in the southeastern United States. Chapter 5 of
aquatic fauna in peril: the southeastern per-
spective, G. W. Benz and D. E. Collins, edi-
tors. Special Publication 1, Southeast Aquatic
Research Institute, Lenz Design and

Communications: Decatur, GA.
Waters, T. 1995. Sediment in Streams. Monograph 7,

American Fisheries Society, Bethesda, MD.

Welker, T. L. 2000. Ecology and structure of fish com-
munities in the Missouri and lower
Yellowstone Rivers. Ph.D. Dissertation,
University of Idaho, Moscow.

Welker, T. L. and D. L. Scarnecchia. 2003. Differences
in species composition and feeding of catosto-
mid fishes in two distinct segments of the
Missouri River, North Dakota, U. S. A.
Environmental Biology of Fishes 68:129-141.

Welker, T. L. and D. L. Scarnecchia. 2004. Habitat use
and population structure of four native min-
nows (family Cyprinidae) in the upper
Missouri and lower Yellowstone Rivers, North
Dakota (USA). Ecology of Freshwater Fish
13:8-22.

White, R. and R. Bramblett. 1993. The Yellowstone
River: Its fish and fisheries. Pages 396-414 in
L. W. Hesse, C. B. Stalnaker, N. G. Benson,
and J. R. Zuboy,
editors. Restoration planning for the rivers of
the Mississippi River ecosystem. Biological
Report 19, National Biological Survey,
Washington, D.C.

Whitmore, S. B. and K. D. Keenlyne. 1990. Rare,
threatened and endangered endemic species of
the Missouri River floodplain. Report MRC-
90-1, U. S. Fish and Wildlife Service,
Missouri River Coordinator’s Office, Pierre,
SD.

Wickstrom, G. 1999. Annual fish population survey of
Lewis and Clark Lake. Annual Report 98-6 to
South Dakota Department of Game, Fish and
Parks, Pierre, SD.

Wilcox, D. 1993. An aquatic habitat classification sys-
tem for the upper Mississippi River system.
Technical Report 93-T003. National

Biological Survey, Environmental
Management Technical Center, Onalaska, WI.

Wildhaber, Mark L., A. Allert, C. Schmitt, V. Tabor, D.
Mulhern, K. Powell, and S. Sowa. 2000.
Natural and anthropogenic influences on the
distribution of the threatened Neosho madtom
in a Midwestern warmwater stream.
Transactions of the American Fisheries
Society 129:243-261.

Wildhaber, M. L., P. Lamberson, and D. L. Galat. 2003.
A comparison of measures of riverbed form
for evaluating distributions of benthic fishes.
North American Journal of Fisheries
Management 23:543-557.

Wiener, J. G., C. R. Fremling, C. E. Korschgen, K. P.
Kenow, E. M. Kirsch, S. J. Rogers, Y. Yin, and
J. S. Sauer. 1998. Mississippi River. Pages
351-384 in Status and trends of the nation’s
biological resources. Volume 1. M. J. Mac, P.
A. Opler, C. E. Puckett, V. Haecker, and P. D.
Doran, editors. U. S. Department Interior, U.
S. Geological Survey: Reston, VA.

Wissman, R. C. and P. A. Bission (editors). 2003.
Strategies for restoring river Ecosystems.
American Fisheries Society, Bethesda, MD.

Wolf, A. E., D. W. Willis, and G. J. Power. 1996. Larval
fish community in the Missouri River below
Garrison Dam, North Dakota. Journal of

Freshwater Ecology 11:11-19.
Young, B. A. 2001. Intraspecific variation among emer-

ald shiners (Notropis atherinoides) of the
Missouri River. Ph.D. Dissertation, South
Dakota State University, Brookings, SD.
Young, B. A., T. L. Welker, M. L. Wildhaber, C. R.
Berry Jr., and D. L. Scarnnechia. 1998.
Population structure and habitat use of benthic
fishes along the Missouri and lower
Yellowstone Rivers. Annual Report - 1997.
Study PD-95-5832 to U. S. Army Corps of
Engineers and U. S. Bureau of Reclamation.



ACKNOWLEDGEMENTS

Principal Investigators and Doctoral student members
of the Missouri River Benthic Fishes Consortium not
listed as authors of this volume, but equally responsible
for design and execution of this research include: Lee
Bergstedt, Pat Braaten, Doug Dieterman, Chris Guy,
Mark Pegg, Clay Pierce, Mike Ruggles, Dennis
Scarnecchia, Tim Welker, and Robert White. David
Galat served as the Consortium’s “Science Officer”,
Chuck Berry as the “Administrative Officer”. We
thank the many field and laboratory technicians who
worked over the five years of the Benthic Fishes
Project and without whose dedication we would have
not succeeded. We thank the U. S. Geological Survey’s
Cooperative Research Units Program, particularly Dr.
Jim Fleming and Dr. Lynn Haines, for fostering an
esprit-de-corps among the Units participating in this
research and having faith (and funding in emergencies)
in our ability to collectively execute such a comprehen-
sive research effort. Linda Sappington developed the
Standard Operating Procedures, Quality Assurance and
Control Programs, administered the database and kept
us organized. Jim Liebelt, John Nestler, and Virginia
Sutton participated in initial Project design. Tom Parks
believed greatly in this Project, but unfortunately will
not see its products. Doug Latka was instrumental in
conceiving of the research, project development, and in

FISH DISTRIBUTION AND ABUNDANCE 149

securing funding for the project. We are particularly
indebted to Becky Latka for securing funding and man-
aging the Project and for her tireless encouragement
and enthusiasm for the research. Shelly Kopplin and
Carol Jacobson helped with the manuscript word pro-
cessing; Terry Molengraaf designed the final draft.

We greatly appreciate financial and logistic support
to the Project from the following agencies: U. S. Army
Corps of Engineers, U. S. Bureau of Reclamation, U. S.
Environmental Protection Agency, U. S. Fish and
Wildlife Service, U. S. Geological Survey, Kansas
Department of Wildlife and Parks, lowa Department of
Natural Resources, Missouri Department of
Conservation, Montana Department of Fish, Wildlife
and Parks, Nebraska Game and Parks Commission,
North Dakota Game and Fish Department, and South
Dakota Department of Game, Fish and Parks. The
Wildlife Management Institute is a cooperator in each
Cooperative Unit and promoted the Unit Program dur-
ing reorganization of the Fish and Wildlife Service and
U. S. Geological Survey.

Universities that supported the project by waiving
part of the usual overhead charge, thus allowing fund-
ing to go much farther, were The University of
Missouri, Kansas State University, [owa State
University, South Dakota State University, Montana
State University, and The University of Idaho.



150 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Table A1-1

Table A1-2

Table A1-3

Table A1-4

Table A1-5

Table A1-6

Table A1-7

Table A1-8

Table A1-9

APPENDIX 1
TOTAL CATCH FOR ALL YEARS

Number of unidentified specimens and hybrids collected during
the Benthic Fishes Study of the MiSSOUIT RIVET ........ccooviriiiiiiiiieieceecccee e 151

Total catch of all fishes during the Benthic Fishes Study
of the mainstem of the Missouri River, 1996-1998 ..........ccoiiiiiiieiiieeeee e 152—155

Year 1996: total fish and unidentified specimens collected from the
warm-water, mainstem Missouri River during the Benthic Fishes Study ........ccccoccvevnvenenne. 156-159

Year 1997: total fish and unidentified specimens collected from the
warm-water, mainstem Missouri River during the Benthic Fishes Study ........c.ccccovvvnvennne. 160-163

Year 1998: total fish and unidentified specimens collected from the
warm-water, mainstem Missouri River during the Benthic Fishes Study ........ccccccovvvnvennnne. 164-166

Total catch of mainstem Missouri River fishes in five gear types, 1996-1998..................... 167-170

Generalized distribution of incidental species according to Lee et al.
(1980) and zone where found in the Missouri River during the Benthic Fishes Study ................ 171

Details about the catch of four pallid StUIZEON.........ccuevviiiiiieiiiceceeeee e 172

Matrix of Morisita values showing similarity in relative abundance
values for benthic fish species in segments of the Missouri River..................... coeeeeeeen . 173



FISH DISTRIBUTION AND ABUNDANCE 151

Table A1-1. Number of unidentified specimens and hybrids collected during the Benthic Fishes Study of the
Missouri River.

Category | 1996 | 1997 | 1998 | Total
Partially identified and unidentified
Hybognathus sp. 1,759 5,436 5,523 12,718
Lepomis sp. 6 26 0 32
Sander sp. 20 41 70 131
Ictiobus sp. 17 0 2 19
Carpiodes sp. 2 2 339 343
Notropis sp. 90 247 101 438
Moxostoma sp. 2 1 1 4
Macrhybopsis sp. 0 7 9 16
Centrarchidae 14 50 14 78
Cyprinidae 313 225 183 721
Catostomidae 1,195 259 534 1,988
Unidentified fish® 12 52 67 131
Larval fish 32 0 4 36
Age-O fish 627 6 393 1,026
Hybrids®

Saugeye 1 10 1 12
GSFxOSF 1 2 0 3
GSFxunknown 0 1 0 1
GSFxBG 0 8 2 10
Wiper 0 1 4 5

*Some fish crushed in the trawl or other accident.
GSF = green sunfish, OSF = orangespotted sunfish, BG = bluegill, wiper = white bass x striped bass, saugeye =
sauger x walleye.
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Table A1-8. Details about the catch of four pallid sturgeon.

Catch data Pallid 1 Pallid 2 Pallid 3 Pallid 4
Data sheet number 30090509 30090528 40100158 80220433
Segment number 9 9 10 22
Fish length (mm) 276 276 - 785
Fish weight (g) 64.5 62.7 - 1650
September 2, September 3, August 13, August 25,
Date captured 1998 1998 1997 1998
Macrohabitat Inside bend Inside bend Tributary mouth Inside bend
Mesohabitat Channel border Channel border large Channel border
Gear Benthic trawl Benthic trawl antmi gammel antmi gammel
Depth (m) 2.7 1.7 4.8 1.7
Velocity at 0.2 depth (m/s) 1.0 1.0 0.9 0.7
Velocity at 0.8 depth (m/s) 1.0 1.0 0.8 0.5
Conductivity uS 634 631 444 590
Turbidity (NTU) 334 29.6 268 940
Temperature 21.7 21.2 19.5 28.9
Gravel 10% Gravel 60% o o
Substrate Sand 90% Sand 40% Sand 100% Sand 100%
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APPENDIX 3

ANOVA OUTPUT TABLES FOR CATCH PER UNIT EFFORT DATA AND
CONTRASTS AMONG YEARS, ZONES, SEGMENTS, AND MACROHABITATS

The contrasts description is presented across table columns when no possible contrasts for any
ANOVA were possible. ANOVA were not possible for burbot, bigmouth buffalo, white sucker,
and sand shiner. Output for blue catfish is in the Results section.

Table A3-1

Table A3-2

Table A3-3

Table A3-4

Table A3-5

Table A3-6

Table A3-7

Table A3-8

Table A3-9

Table A3-10

Table A3-11

Table A3-12

Table A3-13

Table A3-14

Table A3-15

Table A3-16

Table A3-17

ANOVA statistical table for blue sucker catch/effort by gear...........cccevvniiieneene. 197-199
ANOVA statistical table for channel catfish catch/effort by gear ............ccceeenee. 200-204
ANOVA statistical table for common carp catch/effort by gear..........cccooceveeenene. 205-207
ANOVA statistical table for emerald shiner catch/effort by gear.........c...ccceeennee. 208-210
ANOVA statistical table for fathead minnow catch/effort by gear...........ccceeeenee. 211-212
ANOVA statistical table for flathead catfish catch/effort by gear............ccceeenee. 213-214
ANOVA statistical table for flathead chub catch/effort by gear.........ccccooceveenene. 215-216
ANOVA statistical table for freshwater drum catch/effort by gear ...........ccceeeeneee. 217-219
ANOVA statistical table for river carpsucker catch/effort by gear...........c.cceceeeneee 220-224
ANOVA statistical table for sauger catch/effort by gear .........ccccooeviniiininincnns 225-229
ANOVA statistical table for shorthead redhorse catch/effort by gear ...................... 230-234
ANOVA statistical table for shovelnose sturgeon catch/effort by gear..................... 235-237
ANOVA statistical table for sicklefin chub catch/effort by gear..........cccooceeeeinene. 238-240
ANOVA statistical table for smallmouth buffalo catch/effort by gear ..................... 241-245
ANOVA statistical table for stonecat catch/effort by gear..........cccooceeveniniiennnene. 246-248
ANOVA statistical table for sturgeon chub catch/effort by gear ..........cccoceeeeeeenene. 249-250

ANOVA statistical table for walleye catch/effort by gear..........ccocoeceevininiienennne. 251-255
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SCC vs. SCN
SCC vs. TRM
SCN vs. TRM




241

FISH DISTRIBUTION AND ABUNDANCE

8 'SAT Ul dLA SA VT HOW (8 ‘L 'SAT T) YSA
¢€9°'0 0) we Moum uoq Bo_uﬁ wuﬁoEwOm FYOIN .:o?ﬁomuhuuoaﬁ ‘SA muﬁoEme UYOIN vo.moxm-ummoq
8§ SAG 8§ SAG VT d4SA SA Al dld
th.o omﬁ.o Aw Ab.w> mv Mm% 0} ENQ Moo& tom \5039 MOE .ﬁ_oaowohu.ﬁou‘ﬁ ‘SA Mm.% .5\52 wo.moﬁwuumﬂod

6°SAE
1850 VT 4SA SA” VT HOIN (6 SA T T) YSA PaIdI[-1S8] "SA YOI PaIdI[e-)sed]

SAoAald w:&wﬁ@ﬁm\w\ .E:Qh,&s

.(S0°0) ST0°0 .(S0°0) L10°0 .(S0°0) €00°0

«(1°0) S0°0 «(1°0) €€0°0 «(1°0) 90070 (eydye asim-juswiradxd) eydfe pajsnipe-ruorisjuog
JUdWGIS

886°0 9060 15670 8661 'SA L661
SLED 7780 1340 8661 'SA 9661
1,L9°0 TEL0 66€°0 L661 SA 9661

(S0°0) L100 .(S0°0) L10°0 (S0°0) L100
«(1°0) €€0°0 «(1°0) €€0°0 «(1°0) €€0°0 (eydye asim-juswiradxd) eydfe pajsnipe-ruorisjuog

RULD§
sjsenyuo))
(¥9°7) SLTO (65°1) 8870 (S0'1) 850 UOTJOBISIUIT JB)IGRYOIOBUIJUSWITIS
(96'0) 11570 (09°0) 1850 (19°1) LTTO UONOBIUI JE)IqRYOIOL/IBI
(95°0) €2L°0 (L) €210 (IL°€) €100 UONOBIOUL JUSWISIS/IBI |
(P1°0) SYLO (0Z'%) 980°0 (09°0) ¥95°0 1831qRUOIBIA
(16D v¥E0 (I€1)95€0 (08'1) 8LT°0 Juow3ag
(¥9°0) 8090 (L0°0) 9€6'0 (L¥'0) €£€9°0 Ted X
YL ‘aNdd D0S ‘aNdd NOS D08 ‘dSI SJe3IqeYOIoRIA
£7°77°8 L7 '€7°6°8 LZSTO1‘6°'8°¢C SUEEEN
86619661 8661-9661 8661-9661 SI8d X
91 v 8t N
uwtn.mﬂo.ﬁomz uwtn.mﬂo.ﬁomz amtnwao.ﬁowz _®>®— ﬂm%?ﬁ/&
7 VAONV I VAONV I VAONV
1N BEG&&H wEﬁCQ @ﬂ_om Qomom oﬁmﬁﬁm

‘K1) sesuey = DY TOATY QUOISMO[[OA = YSA TOATY LINOSSIAl = YOIN "OSIMISYIO PAJBIIPUT SSO[UN JOATY LINOSSIIA] A} UI dIB SJUSWFOS
"JUOJ O17py1 UL QI IOATY LINOSSIJA[ JOMO] J} JO UonIod pozI[ouueyd Y3 Ul SJUSWSOS “JUO) P[Oq Ul PIYIIUIPI I8 PUE SIIOAIISII WOISUTBUI O} MO[2q 1O UIMIOq

a1 SJUAWSAS JI0AIISAI-IAJU] “SUTUIISPUN AQ PAIJIIUSPI AIB PUR SIIOAIISII W)SUTBW SIAUISUH JO sdI0)) XIS AU} SA0QR I8 JUOZ PII)[B-)SBI[ AU} Ul SJUIW3S
‘A1oAnoadsar ¢, pue , £q pajedrpul are eyd[e pajsnipe-ruoiojuog & Uo paseq G('() I8 JeIJIUSIS pue [°() 18 JuBdYIUSIS A[[RUISIRW S)SRIIUO)) "PIZA[RUR JOU 1M JBY)
sisenuod juowos pauueld ur juosald a1om BIEp JUSIDIINSU] "SISA[BUR U3 UT POPNJOUT JIdM SUWN[0d Y AQNY Y} Iopun S0y} Sea1oym ‘sjsenuod pauueld jussordar
uwINjod JNSNeIS Y} Ipun pajsi| s)uswFog -9[qIssod sem JSENUOD OU SABIIPUI [[99 JUR[Q V "S[QAJ] SISA[eUE Jo uoneue[dxd I0J SPOYISIA Ul SISATeuy [eonsels

990G "SOsATeUR U} Ul POPN[OUI SJBIIGRYOIIRW PUR ‘SJUIWFIS ‘[QAJ] SISA[BUR UL SOOUIILJIP 199[JA1 SYAONYV [dNNIA "SISALY SUO0ISMO[[d A JOMO[ PUB LINOSSI]A

3 wouy s1ead Surdwes ojdnnw £q po3o9[[0d oelng yInowjews 1oj sasaypuared ur sonfea- Yam saniiqeqoid (Y AONY) 9OUBLIBA JO SISA[BUY $[-€V 2[qBL




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

242

.(50°0) S0°0 .(50°0) S0°0 (S0°0) LTO0
«(1°0) 10 «(1°0) 10 «(1°0) €€0°0 (eydre ostm-juowiadxa) eyde paysnipe-tuosgyuog
1B)qRYOIIBIA
€7SACZT HD 29 SA HD DMV
8TT°0 (LT°6T €7 "SAZT ‘61 *L1) DY MO[3q PIZI[dUUBYD "SA )Y SAOQE PIZI[duuLy)

2414 PIZIDUUDY))

NVHD ;I SA HI O®14

[ "SA §T) JuoWSOs IOALI PIZI[OUURYD JSITJ “SA We( JUI0 SUIABD) MO[dq JUSUISIS JIOATISOI-IOIU]

Al O 19 SA A1 OBV

(ST "SA $I) wWe( U104 SUIABD) MO[Oq JIOAIOSI-IIUL "SA SIOJEMPEAY e I PUL SIMOT pue We( [[epuey 10 UsoM1oq II0AIOSAI-TU]

UL AVST SA UL VSV (TT SA 0]) SI199eMmpeay aye( 93eT 0} We(] UOSLIIBL) JI0AIOSAI-IUL "SA SIOJEMPESY BOMENENES OET 0} YSA WOIJ YOIN JI0AIOSAI-TU]

I dLAG SA VT dLAV (L 'SA ) we( Jood M0, MO[oq JUSUISAS JI0AIISAI-IUI SA BT J09d MO, SA0QE JUSWTIS PaId)[B-1Sea |

P2ID]a4 A10A42SDY

LT 'SA ST HD SA I D®19d (LzL]
710 "SA G ) SIUSWISIS QUOZ PIZI[AUUBYD "SA WE(] JUI0J SUIABD) MO[Oq JUSWIIS JIOAIISAI-IAIU]
€7 TTSA 8 LT ETSA S LTSAOT ‘S HD SA O®Td O/M Al (LZ-£] SAVL “TL
6t 0 681°0 120°0 ‘01 ‘8 L) SIuawW3as QUOZ PIAZI[QUUBYD "SA WE(] JUI0J SUIABLD) 9A0QE SJUIWITIS JI0AIISI-IJU]
ST 'SA 01 ‘8 UL O¥Td SA OFTd O/AA Ul (ST SA $T “TT 01 ‘8 ‘L) We( JuIod SuiAeD
90€°0 MO[2q JUAWFIS JIOAIISAI-IAIUI "SA WE(] JUI0J SUIABD) DAOQE SJUSWIIS JIOAIISAI-IAIU]
LT ETSAG LI SAG
791°0 158°0 HO SA VT USA (£Z-£] 'SA §) SJUSWIZSS SUOZ PIZI[SUUBYD "SA YS A IOMO[ PII3)[e-}Sed]
SI'sAG UL O®Td SA VT USA
SEY0 (ST 'sA ) we(q WI0] SUIABD) MO[9q JUSWZAS JIOATIISAI-IAUI "SA YS A JOMO[ PAId)[e-1SBa]
8'SAG 01 ‘8'SAG D14 O/A Ul SA VT dSA (bI “ZI ‘o1
L7670 1€0°0 ‘g ‘L 'SA §) WEB(] UI0J SUIABL) 9A0QE SJUIWFIS JI0AIISAI-INUL "SA YS A JOMO[ PId)[B-1SB]
LT SAE HD SA VT dOIN
L8%°0 (£Z-£1 SA S T) S)UAWITIS QUOZ PAZI[SUUBLD "SA SJUSWTAS YOIN PoId)[e-1s8a]
ST 'SAT AT DT SA VT 4O (ST
6780 "SA G “C) We(q JUI0d SUIABD) MO[9q JUSW3AS JIOAIISAI-IUIL “SA SJUSWZAS YOI Pa1ol[e-1sea]
KRN DT O/A AT SA VT O (bT “TI ‘0T ‘8 °L sA
20 G “C) we( u10d SUIABD) 9A0QE SJUIWITIS JI0AIISII-IOJUL "SA SJUSWSIS YOIN PoId)[e-1s8a]
01 sA g AT JIVSV-SA-UT ddAd (0T 'SA ) S191empeay eamedexes aye]
991°0 01 YSA WOIJ YOIA JOAIISAI-INU] "SA YS A 01 We J99J Mo M0[aq JOIA JI0AIISI-IU]
6'SAT
185°0 VT 4SA SA VT HOIN (6 'SA T T) YSA PaI0I[e-1SEI] "SA YOIN PaId)[e-1sed]
soU0zZ-¢
€7 TTSA 8 LT ETSA S LZSAST 0TS
6v70 681°0 W00 HO SA I (L7 ‘ST ‘€77 ‘61 ‘LT "SA ST ‘bY “TI ‘01 ‘8 ‘L) POZI[SUUBYD "SA JTOAISSI-ISJU]
LT €T SAG LTSAGE o o
91°0 0LS0 HD SA VT{LZ°ST 67T ‘61 ‘L1 SAG T ‘) POZI[DUUEBYD "SA PIISY[B-1SBI]
8'SAG STOT ‘8°SAG o o
LT6°0 L11°0 UL SA VI(ST PI T 0T ‘8 ‘L "SA G T T) JI0AISSII-IOJUL "SA PAISY[B-1SBI]

saU07-¢




243

FISH DISTRIBUTION AND ABUNDANCE

ATl dLA SA VT 40N
8L SAT (8 ‘L 'SA S €) YSA 0} we( 994 MO0 MO[oq SJuow3as
< mo.o MOE ho\ﬁumuw-uﬁi ‘SA maﬁQEQO MOZ vouoﬁ.m-ammod
VT dSA SA il d1d
8°LSAG 8°LSAG (8 °L'sA ) S A 03 we( 309d HoJ
€020 wTo MO[3q YOI ITOAIISAI-INUI “SA YS A JOMO[ PaId)[e-)sea]
6 SAS VT dSA SA VT d0OIN
6150 (6 "SAT “T) YSA PAIE-ISEI] "SA YOIA PoIo)[e-1sed]
849414 dUOISMO]]d [ — LINOSSTA
.(S0°0) €000 .(S0°0) S00°0 .(S0°0) S00°0 (S0°0) 100 .(S0°0) LOO0
«(1°0) 900°0 «(1°0) 60070 «(1°0) 60070 «(1°0) 200 «(1°0) ¥10°0 (eydye asim-juswnradxd) eydfe pajsnipe-ruorjuog
JUdWSIS
£98°0 £69°0 89570 +810°0 8661 SA L661
21070 161°0 8661 "SA 9661
.800°0 91¢°0 L661 "SA 9661
.(S0°0) L10°0 (S0°0) LT00 .(S0°0) S0°0 .(S0°0) S0°0
«(1°0) €€0°0 «(1°0) €€0°0 «1°0) 10 «(1°0) 10 (eydre astm-judwiadxd) eydye pajsnipe-ruossyuog
PUED Y
maw&bﬁoo
D sSIvo (LS 1€T0 UONOBIUI JE}IqRYOLIBU JUIWISIS
(L60) L60°0 (S6'1) 681°0 UOTOBISIUT JE)IqRYOIDBW/IBD X
(00'1) 8150 (S9'1D) €270 UONOBIUI JUIWISIS/IBI §
(€9'1) 020 (01'1)98€°0 (669) 11070 1e}IQRYOIORIA
(00°'T) 890 (Pv'1) 8870 (€6°0) TPS0 (€9°0) 8%9°0 (¥$7) 980°0 [IEIREN
(L6°S) €10°0 (LO'T) 8LE0 (S€°0) 8950 (¥9°L) 810°0 EEEJN
WYL ‘NDS INIL
NOS NI ‘NDS andgd ‘00S ‘aNdd ‘00S ‘aNdd S1BJIQRYOIORIA
LT ST a4 LT °§T°7TLT LT ST 61
‘bTOT 6°8°L T ‘ST bT 6°8°L STPTOT ST | LZSTPTOT L LT ST b1 ‘01 SJUSWIZOS
8661-9661 8661-9661 8661 “L661 8661 8661 “L661 SIBd X
4 8P 0z 0z Iy N
ﬁutﬂw&o‘amz Hmt@mﬂo(ﬁowz Hmt@mﬂo(ﬁowz ﬁutﬂw&o‘amz ﬁutﬂwﬂohowz ~®>®_ mﬂm\ﬁmcaﬂ
7 VAONV I VAONV € VAONV 7 VAONV I VAONV
JU[[ID ATRUONEBIS SuIysyonIA[g nsnels
AL "SA NOS
UL 'SA DDS
L6T°0 NDS A DS
SYL0 L SA ANAY
6LE°0 NDS 'sA NAd
980°0 608°0 DDS 'SA N4




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

244

LT L HD SA Ul O¥®1d
LT SAST LZ-C7SAST | ‘ST TT-LISAST LT SAST | 6761 ‘LI SAST (LT-L1 "SA ST) SIUSWIIS SUOZ PIZI[SUULYD
OBM.O BN0.0 @.vﬁ .o ﬁmm.o h@m.o ‘SA e uﬁom mE\/mU BOEQ HGQEwOm .:o\COmo.Tuoﬁﬂ
Vx4 LT ST 1T €T HO SA D¥T14d O/M dl
LT SAPT O ‘8“L T SAPL QL | “TT-LI SA VI ‘0T LT SAPTOT L | ‘61 ‘LI SAPT ‘0T (LT-L1 "SA $T “TT ‘0T ‘8 ‘L) SIUSWT3S SUO0Z PIZI[dUUBYD
QNW.O mmﬁ.o QNN.O c._uo.o Eoﬁo.o ‘SA e uﬁom mcgm@ o>onm muﬁoEmOm bo\COmoul.ﬁoaﬁH
AL O¥T1d SA D14 O/AA I (ST sA
ST 'SAPT ‘01 ‘§“L ST SAPT ‘8 ‘L ST 'SA bT 0T ST 'SA P 01 ‘L ST 'SAPTOT | T “TT ‘0T ‘8 ‘L) We( 0] SUIABD MO[9q JUSIZIS JI0AIISAI
hoc.o NN.V.O c.vo.o ow.v.o mwﬂ.o |.5HE ‘SA e uﬁom mﬁgm@ o>O£& muﬁoamOm bo\COmo(THoaﬁH
LT SAG LT-CTSAG HO SA VT USA L2/ sA
w h@.o mvo.o Wv muﬁoawOm AUO0Z voN:oﬁQmﬂo ‘SA Mm A .530_ Uohozwuammud
ST SAG SISAG AT DT SA VT USA (ST 'SA 6) we( uiod SUIABD
.vwm.o ._um 1 .o Boﬁon Hﬁoawom bo\Como(TH_BE ‘SA Mm A .530_ Uohozmuammud
B - O¥Td O/M Al SA VT dSA
PI 0T ‘8L SA G PI‘8°L SAG (BT “TT ‘0T ‘8 ‘L "SA ) We( JUI0] SUIARD
Nm [« .o O@N.o o>00_m maﬁOSwOm bo\COmouu.ﬁoﬁh ‘SA Mm A .530_ Uohozmuammud
LT ST
LT SAT ‘TTLI SATE HD SA VT HOW (£Z-£] 'SAT °T) siuowigos
hm [« .o mﬁc.o Auoz @onuﬁﬁmﬂo ‘SA wacoaw@m MOE @o.ﬁozmuammud
UL IPTD SA VT O
SI'SAT SI'SACT (ST 'sA T °F) we( 10 SUIABD MO[oq
184! .o ONm.o Hﬁoaw_vm boi_‘wmouﬂﬁoaﬁ ‘SA mgﬁoawom MOE @ohozmuammud
_ o O¥®Td O/M Ul SA VT 4O
P01 ‘8 °L SAT PI ‘01 SAT T (BT “TT ‘0T ‘8§ °L "SA T °T) we(q JUIOJ SUIABD) SA0QE
OBM.O wm 1 .o muﬁoaw_@m boi_‘wmouuagﬁ ‘SA mgﬁoawom MOE Uohozmuammud
6 'SAG VT dSA SA VT 40N
6150 (6 'SA T T) USA PIR)E-1SLI[ "SA JOIN PIIoy[e-}sed]
wmtbwu.ﬂ

LT SA 44 LT°STTT LT LT ST 61 -
ST ‘PT01 ‘8 L SAGT P 8L | -L1 SAST VI 0T SASLPT OL L | “ZI SAST VI ‘0T HO SA ¥I(£Z ‘57 €72 ‘61
9540 6L1°0 7€8°0 9060 810°0 LT SA ST “PT “TT ‘0T ‘8 ‘L) PAZI[SUURYD "SA JIOAIISII-IOJU]

LT ST
LTSAGS LZ-C7SAG ‘TT-LT SATE L HO SA V1
TEL0 $$0°0 €19°0 ‘CT €77 61 ‘L1 "SAG T °T) PIZI[QUUBYD "SA PIISY[E-}SLI]
ST b1
‘OT‘8°LSAGC| SIPI‘8L'SAG | ST ‘PIOT SAST o Ul SA VI (st
510 761°0 6250 ‘PYTI 0T ‘8 L "SA 6 T ‘T) JIOAIOSII-IONUI "SA PIS)[B-}SLI |
wmtanm.

UL DIVSV-SA-UI dAMD (0T 'sA ) siorempedy
cﬁ ‘SA w woawvﬂm&mm o&md 0} Mm A EO@ MOE bo\COmguuoﬁﬂ
Omﬁ.o ‘SA Mm% 0} EwQ Moum ﬁom BO_QQ MOZ bo>.~®m®uu.~®ﬁﬂ




245

FISH DISTRIBUTION AND ABUNDANCE

0€2°0 61€°0 UL A NOS
1€1°0 LL10°0 L "SA DDS
1LS°0 NOS "$A DDS
¥S1°0 .S00°0 WAL SA ANFAY
6£9°0 NDS sA Ndd
1260 129°0 DS 'SA N4
.(S0°0) 500 .(S0°0) 8000 .(S0°0) L10°0

«(1°0) T°0 «(1°0) LT0°0 «(1°0) €€0°0 (eydye asim-juswirradxd) eydfe pajsnlpe-ruorisjuog
jeliqeyo.adejA
HD M9 SA HO DMV
LTETSATT | LTST'SATTLI LT STSAGI ‘L1 (LzST €T sATL
6€L°0 €Tr0 00 ‘61 ‘L1) D3 MO[2q PIZI[duULyd ‘SA )3 d9A0qe PIZI[duuey)

H®>E .QONEOEHNQO
NVHD I SA Il O®14
h~ ‘SA m~ hﬁ ‘SA mﬁ Ahﬁ ‘SA mc uﬁoawuum .H®>E .mVON:oﬁGon
hNﬁ .O NwN.O umuw ‘SA E_NQ ﬁhom mﬁ?ﬁmo Boﬁo@ aﬁ@Emom boiomou&oaﬁm
Al D19 SA Al O¥®1TV
(ST "sA p1) we( jutod
m~ ‘SA .—uﬁ m~ ‘SA .—qﬁ mﬁ ‘SA .—uﬁ m~ ‘SA .—uﬁ m~ ‘SA .—qﬁ mﬁ_\wdmv >>O~o£ H_OEOmO.H-.HOHQ_ ‘SA mhoﬁwaﬁmo& OM\NA vEEQ
€6£°0 86€°0 160°0 1260 9t¢°0 pue SIMaT pue we( [[Epuey 1O Usdamiaq JI0AIISAI-1U]
UL AVSH SA UL VSV (TI SA 1) sIempedy
OQNO OM&A 0} ENQ :Om_.ﬁwo .io?HOmD.T.HDHEM ‘SA muoﬁmgﬁwoa
woawxmxwm ovﬁA 0} Mm > EO@ MOE boaommuuuoaﬁm
I dLA9 SA VT d1LdV
b ‘SA W Ab ‘SA WV ENQ Moom tom Boﬁo@ HQOENOm .:oEOmD.H
moo.o |.~®u:b ‘SA ovﬁwq Moom ﬁom ®>OQN azoawow Uo.ﬁu:ﬂ-ammoﬂ

PAIR[OI JIOATISOY




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

246

UL JIVSV-SA-UT dAMG (0T SA 8) SISIeMpPeay BIOMENEYES BT 0} YSA WO YOIN JI0AIISAI-INU] 'SA YS A 03 We(] 309 1O, MO[oq YOIN H10AISSI-IU]

AT dLT SA VT HOIN (8 L SA S T) USA 03 We(T y0J 0] MO[aq SIUSWZAS YOIA II0AIISAI-IUI "SA SJUSWFAS YOIA PaId)[e-1Sea]

VT ASA SA I d1d

(8 °L'SAG) USA 01 we( No3d 10 M0[oq YOI II0AIISAI-INUI "SA YS A ISMO[ PId)[e-1Sea]

6'SAC
6L8°0 VT 4SA SA VT HOIN (6 SAT T) YSA PaIdI[e-1se] "SA YOIN PaId)[e-)sea]
S4o414 MQQNM\S&N%\WI .N\SQ%M.NE

+(S0°0) 900°0 +(S0°0) ¥00°0 «(S0°0) 9500°0
«{1°0) T10°0 «(1°0) L000 «{1°0) T10°0 (eydye asim-juswinradxd) eydfe pajsnipe-ruorisjuog
JUdWGIS
0S1°0 1020 8661 'SA L661
¥S0°0 8661 'SA 9661
L9S°0 L661 SA 9661

«(S0°0) L10°0 #(S0°0) SO0
«(1°0) €€0°0 «(1°0) T°0 (eydye asim-juswinradxd) eydfe pajsnlpe-ruorisjuog
JedX

sjse.nuo))
(1L°0) 0L9°0 UOI}JBIIUI JB}IqBYOIOBWJUIWTIS
(97°0) L7290 UOI3JBIIUI J8}IqBYOIOBW /I A
(6L°0) 0290 UOT}OBIOIUI JUIWSIS/I8d X
(06'0) €L€°0 (6£2) €LTO JeJIqRYOIOBIA
(#8°0) 9L5°0 (6L°0) 619°0 (LS0) 19L°0 Juawsag
(LED 0ET0 (902 1020 Ted x
andg D0S ‘aNndd D0S ‘aNdd SJE}IqRUOIOBIA
LZ-ETSTPTOI T T LTETSTPTOLG6'S LZ-€7 ST ‘PT 01 T°¢ sjuowiFog
8661-9661 8661 8661 ‘L661 SI183 X
v 91 1€ N
amﬁbmﬂouomz amﬁbmﬂouomz amﬁbmﬂouomz ~o>o~ mﬂmxﬁwﬁaﬂ
€ VAONV 7 VAONV I VAONV
Surysiyond9q onsneIs

K1) sesuey] = D “TOARY QUOISMO[[OX = YSA “TOARY LINOSSIA = YOJIA "OSIMIIYI0 POIBOIPUI SSO[UN JOATY LINOSSTIA

oy ur a1k s)usWISOS JUOJ 217vj1 UL OI JIOATY LINOSSIJA JomO] dy) Jo uoniod pazijouueys oy} Ul sustwsog Juoj pjoq ul PIIJHUSPI oJ8 PUL SIIOAIDSI WSUTEW )
0]0q JO U0aM)Aq dTE SJUSWSOS JI0AIOSI-I0JU] “SUTUIIOpPUN Aq PIIJIIUSPI oI PUE SIIOAIISAI W)suTew s109uiSug Jo sdio)) XIS o) 9A0qR 918 dUOZ PAId}[e-)Sed] oY}
ur spuowr3og *A[oanoadsar ¢, pue , £q payesrpur a1e eyd[e pajsnlpe-1uolojuog € uo paseq ('() 3e JuedIusis pue |°() e JueoyyruSis A[eurSrews sjsenuo)) ‘pozAJeue
J0U 010M JEY]} SISeuod JuowSes pouueld ur Jussord a1om €JEp JUSIOIYINSU] "SISATRUE 9Y) UT POPN[OUT 9IoM SUWN|00 Y AQNY U} Jopun 9sOu} Sealoym ‘S}Serjuood
pauueld juosordor uwmjoo o1sHeIS oY} Jopun pajsI| sjuowFog o[qIssod sem JSE1IUOD OU SABIIPUI [[99 JUR[q Y 'S[OAS] SISATeuE Jo uoneue[dxo 10 SPOYISIA Ul
sosAJeuy [eo1Is1eIS 998 "SOSAJBUR O} Ul POPNIOUI S)EIIqRYOIOBW PUL ‘SJUSWISIS ‘[OAJ] SISA[EUR Ul SOOUSISHIP 309301 SY AONY O[dI[NJA "SIOATY SUOISMO[[O & JoMO]
pue LIOSSI\ 9y woiy s1ead Surjdwes ojdnnw £q pe3oo[[oo yeoauoss 10§ sosajuared ur sonjea-J Yim sonijiqeqold (Y AQNY) 99UeLIeA JO SISA[euy "S-V 9[qe



247

FISH DISTRIBUTION AND ABUNDANCE

HD 049 SA HD OV (£ 6T € 'SA 2T ‘61 ‘£ 1) D M0[2q Pazyjauueyd 'SA D3 9A0(E PAZI[dUULy)

ADALL PIZI]PUUDY))

NVHD I SA dI O»14d

(£ *sA ST) yuowSs JOALI PIZI[OUURYD JSITJ “SA WR( JUI0J SUIABD) MO[dq JUSUISIS JI0AIISII-ISIU]

AL IPTD SA Al DTV

ST SA T ST SA T ST SA T (ST 'sA 1) we JuI0d SUIABD) MO[(q JIOAIISII-IUI “SA
£€56°0 TEL0 SS6°0 SI1o)eMpeay aye] JIB[) PUR SIMIT puk We(] [[epuey L0, U99M)9q JIOAIISII-IU]
AT IVSd SA AT JIVSV
(T1 'SA (1) sIo)empeay oYe( e 0} We( UOSLLIEL) JIOAIISAI-IOJUI ‘SA SIOJEMPBIY BOMENENRS oY 01 YS A WOIJ YOIA JI0AIISAI-IJU]
I dLA9 SA VT dLAV (L SA ) we( Y994 1O MO[2q JUIWSIS JIOAIISII-INUI "SA BT JI9d 1O AA0QR JUIWSIS PAId)[B-}SBI |

%mﬁdm& kwbimwm%
LZ-§7 SAST LZ-§7 SAST LZ-§7 SAST HD SA I O¥71d (LZ-£] 'SAST)
LY6°0 780 €€8°0 SJUOWFOS QUOZ PAZI[AUUBYD 'SA WE(] JUI0J SUIABL) MO[Oq JUSWSZIS JIOATISAI-IOJU]
LZ-€7 SAPT ‘01 LZ-€7 SA BT ‘01 LZ-€7 SAPT ‘01 HD SA DT O/M Ul (£7-ZT 'SAbT “TI ‘0T ‘8 ‘L) Syuowigos
020 SIS0 98%°0 oUO0Z PIZI[OUURYD "SA WE(] JUI0J SUIABL) JAOQE SJUSWFIS JIOATISAI-IOJU]
Al D19 SA D¥®T1d O/M Al
ST "SA $T ‘01 ST "SA $T ‘01 ST "SA $T ‘01 (ST "SA $T “TI ‘01 ‘8 ‘L) we( 10 SUIABD MO[3q
80¢€°0 S0S°0 9/1°0 JUOWZIS JIOAIISI-IOUI “SA WER(J JUI0J SUIABL) JAOQE SJUSWIIS JIOATISAI-IOJU]
LT-ECSAG HD SA VT dSA
€v6°0 (£Z-/T "SA ) SIUSWZIS QUOZ PIZI[AUUBYD SA YSA JOMO[ PAId)[e-1SBI]
ST SAG AT OPTD SA VT USA (ST 'sA
8160 6) We( JuI0d SUIABL) MO[oq JUOWIZAS JIOATOSAI-IONUI “SA YS A IOMO[ PId)[e-)sed]
vI°01 SAG D14 O/AA" Ul SA VT USA (bI “TI ‘0T ‘8 L 'SA6)
08S°0 We( JUI0 SUIABL) JAOQE SJUSWIIS JIOATISAI-IONUL "SA YS A JOMO[ PAId)[e-1sed]|
LT-€7SASE LT-€7 SAS LT-€7SASE HD SA VT 4O
1820 8060 780°0 (£Z-/T 'SA G “T) SJUQWIS9S QUOZ PIZI[OUUBYD "SA SJUIWSAS YOJN PaI1oIe-1sed]
ST SASE ST SAT ST SACE AT OPTD SA VT dOMN (ST SAT ) weq
€8€°0 66L°0 L€9°0 JUI0J SUIABL) MO[9q JUSWFIS JIOATIISAI-IOUI "SA SJUSWIIS JYOIN PAIdI[e-1SB]
PT 0T SACC PI 0T SAC PT 0T SACC D14 O/A Ul SA VT O (BT TI ‘01 ‘8 °L 'SA G °T) weq
1S8°0 €0L°0 7280 JUI0J SUIABL) 9AOQE SJUSWISOS JIOAIOSOI-IOIUI ‘SA SJUSWISIS YOI PoIo)[B-1Sea]

6'SAG

6L8°0 VT USA SA VT HOIN (6 'SA S T) YSA PAISY[E-JSLI] SA YOIN PIId)[e-1sea]

Sou0zZ-¢

LT-ET SASL YL 0L

LT-ET SASLPLOL

LT-ET SASL YL 0L

HD SA Ul

€5¢€°0 169°0 0L9°0 (LZ°6T €222 61 “L1 "SA ST 'PI ‘T ‘0T '8 ‘L) POZI[AUURYD "SA JIOAIISII-IJU]
LT€ETSASTE LTETSAGS LT€ETSASE
1820 8L60 CIL0 HO SA V(£ €7 €22 61 *L1 'SAG ‘T “T) PAZI[ouULYD "SA PAIdJ[E-)sed]
SLPL 0L 'SASE SLVL0L'SAG S SLPL 0L 'SASE
L6L0 evL0 6960 AT SA VT (ST PITI 01 ‘8 °L "SA 6 T T) JOAIASAI-IUI "SA PAID)[e-1SLa]

sou0z-¢




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

248

AL SANDS

INYIL 'SA DOS

NIS 'SA DDS

INYIL SA ANHH

NOS 'sa ANHd

€LE0

L1 0

DDS 'SA dNHd

+(S0°0) S0°0
«1°0) T°0

#(S0°0) S0°0
«1°0) T°0

(eydye asim-juowirradxo) eydye pajsnlpe-ruorrojuog

JEIqEYOIIE A




249

FISH DISTRIBUTION AND ABUNDANCE

AT VSV-SA-UI dAAE (01 'SA §) SIJeMPEAY] BOMENEES BT 01 YSA WOL YOI JI0AISSII-INNU] "SA YS A 0} We( Y9 MO MO[dq JOIA T10AISAI-IU]
§ SAT Al 1A SA VT 40N
+1000°0> (8 ‘L "SA T “T) USA 03 We( 994 10 M0[2q SIUAWSIIS YOIN HOAISAI-IUL "SA SJUSWSAS YOI PoIol[e-158]

8sA6
x1000°0> VT dSA SA UL dLd (8 °L'SA6) YSA 01 We( }93d HOJ MO[oq YOIA JIOAIISAI-IONUT "SA S A JOMO] PaIo)[e-)sed]

6'SAG
#800°0 VT USA SA VT O (6 '$A S T) YSA PIIIE-ISLI] "SA YOI PII[E-ISB ]

542414 dUOISMO]]D [ — 1ANOSSII

#(S0°0) €10°0

w(1°0) ST0°0 (eydye esim-juowirrodxo) eyd[e pajsnipe-ruorrojuog
JUIWGIS

80°0 8661 SA L661
606°0 8661 'SA 9661
3¥1°0 L661 'SA 9661

#(S0°0) L10°0
w(1°0) €£€0°0 (eydje esmm-juowirrodxo) eyd[e pajsnlpe-ruorojuog

I8 X
s)senuo)
(€L°0) S8%°0 UOTORIANUI 1E1IQRYOIOBW,HUSWTS
(€1°0) 2880 UOTORISIUI 18)IQRYOIOBL/IE &
(T¥'L) 1000°0> UOI}ORIIUI JUIWSIS/IBI X
(L¥'0) 96¥°0 11IQRYOIORIN
(89'82) 1000°0> EGAN
(s8°1) 991°0 Teo A
D0S ‘aNdd S1eIIqRUOIOBIN
68°C Sjuawag
8661-9661 SIBd X
18 N
JBQRYOIIEN [9A9] SIsATeuy
I VAONV
[Men onpuog o1sS1E)S

KD sesuey = DY ‘TOANY SUOISMO[[Q X = YSA IOATY LINOSSIA = JYOIN OSIMIYIO PABIIPUL SSI[UN JOATY LINOSSIIA Y3 UL I8 SJUIWIIS

“JUOJ 217pj1 UL 98 IATY LINOSSIJA] J9MO] 3 JO uonod pazijouueys Jy3 Ul SJUSWSAS “JUOJ P[0 UL PIJIIUIPI I PUE SIIOAIDSII WISUIBW O} MO[oq JO UdaM)dq

Q1B SJUSWITIS JI0AISAI-INU] “FUTUIIOpUN Aq POLJIUSPI AIE PUR SIIOAIISAT WQSUTRW SI9QUISUH JO sdI0)) XIS oY) 9A0QE I8 QUOZ PISI[B-)SBI] U} UI SUIWSS
‘A1oAnodadsar ¢, pue ,, £q pajeorpul a1e eyd[e paisnlpe-1uoijuog B uo paseq G(°( ¥e JuedIUIIS pue [°() I Juedy1ugis A[[eurdiew sjsenuo)) "pazAJeue jJou d1om Jey)
sisenuoo Juowdas pouueld ur Juosald o1om BIED JUSIOLFNSU] “SISA[BUE Y} UI POPNOUL 1M SUWN[0d Y AONY U} Iopun 3soy) sea1dym ‘sjsenjuod pauueld juasardar
uwnjod JNs1eIS Y} Ipun pajsi| s)uswFag '9[qIssod sem ISENUOD OU SABIIPUL [[99 JUB[Q V "S[QAJ] SISA[eUE JO UONBUR[AXD I0J SPOUISIA UI SISA[RUY [EonsIe)S

90g "SSATBUE QU) UL POPN]OUT SIBIIRYOIORW PUR ‘SIUIWIIS ‘[OAS] SISA[EUR UI SOOUIJIIP 199[J01 SYAQONY [dINIA "SIOATY dUOISMO[[d A JOMO] PUEB LINOSSTIA

oy woyy sread Surdwes ojdnnw £q po3oa[[0d qnyd uoa3imgs 10J sasapuated ur sanjea- Yam saniiqeqold (VAONY) 2OUBLIBA JO SISA[BUY "9[-€V 9[qeL



POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

250

INYIL SA NOS

INYLL SA DOS

NOS SA DDOS

INYL SA ANHH

NS 'sa ANd49

9610 DOS 'SA dNHd

+(50°0) S0°0
w(1°0) T°0 (eydye osim-juowiodxo) eydje pojsnlpe-TuoLojuog

JENQEYOIBIA

HO OMd SA HD DMV (£Z°67 € A ¢Z *61 “£1) D MO[q PIZI[dUUEYD "SA )] JAOQE PIZI[UULY)

[ 2414 PIZIPUUDY))

NVHD ;I SA UI D214 (/] 'SA §T) JUSWSIS ISALI PIZI[SUUBYD JSTI "SA WE(] JUI0J SUIABD) MO[3q JUSUWITIS JIOAISSSI-ISJU]

Al D19 SA Al O®1V
(ST 'sA 1) we( JUI0d SUIABD) MO[oq JIOAIOSAI-IUI "SA SIOJEMPEIY o)e JJB[D PUE SIMO PUB We(] [[epuey 10, Udom)dq JI0AISSAI-IJU]

UL IVST SA AT DIVSV (TT SA 0]) SI10empeay aye() 93e 0} We(] UOSLIIBD) JIOAIOSI-IOMUL SA SIOJEMPEAY BoMEYENEeS o3eT 01 YSA WOl YOIN JT0AIOSAI-IJU]

I dLA9 SA VT dLAV (L 'SAT) weq Y994 HO M0[9q JUSWIS JIOAIISAI-IUL "SA N[BT Y094 1O, 9A0QE JUSWIIS PaId)[e-}Sed]

_ PaIp]ad 41001252y

HD SA NI D149 (£7-£] SA ST) SIUSW39S QUOZ PIAZI[OUUBYD "SA WE( JUI0J SUIABD) MO[oq JUSWSFIS JI0AIISAI-IIU]

HD SA D19 O/AA Ul (£Z-/7 SA I “TI 01 °8 L) SIUaWISas U0z PIZI[SUUBYD "SA WE(] JUIOJ SUIABD) SAOQE SJUSWSIS JI0AIISII-IOU]

AT OPTD SA DOFTD O/A I (ST SA $T “TT ‘01 8 °L) We(] 3UI0] SUIABD MO[3q JUSWSIS JI0AISSII-IdIUL "SA WE(] JUIOJ SUIABD) SAOQE SJUSWSS JI0AISSII-IU]

HD SA VT USA (£7-/ 'SA §) SIUSWISTIS QUOZ PIZI[QUUBYD "SA YSA JoMO[ PIdl[e-1sed]

AL DOPTI SA VT USA (ST sAg) we( uI1od SUIABD MO[9q JUSWSIS JIOAIISAI-IAUI "SA YS A JOMO[ PAId)[e-1SBd]

8'sA6 D14 O/ il SA VT dSA
+1000°0> (BT 21 ‘01 ‘8 L 'SA ) We(] UI0] SUIABD) SA0QE SJUIWITOS JI0AIISII-INUL "SA YSA JOMO[ PaIdl[e-1sea]

HD SA VT MO (£7-Z7 'SA S °T) S1uawi3as QuOzZ PIZI[oUuBYD "SA SJUAWSIS YOI Pa1ol[e-1sea]

AL DOPTd SA VT dOIN (ST SA S °§) we( ul0d SUIABD MO[9q JUIWTIS JI0AIISAI-IUL "SA SJUSWSAS JYOIN Po1dl[e-1s8a]

8SAS D714 O/M dI SA VT YOI
x1000°0> (BT “TT ‘0T ‘8 °L 'SA T ) we( JUIOJ SUIARLD) 9AOQE SIUSWISOS JTOAIISII-IONUI "SA SJUSWITOS JYOIA PoIdI[e-1Sea]
6SAC
x800°0 VT 4SA SA” VT dOMN (6 'SAT “T) YSA PAIIE-ISEI] "SA JOIN PoIo)[e-1sed]
SUOZ-C

HD SA ¥I (L7 §Z €7 T 61 LT SA ST b1 “TI ‘01 ‘§ ‘L) PIZI[OUUBYD "SA JIOAIISOI-IONU]

HD SA V1767 €772 61 LT SAG S ‘T) POZI[SUUBYD SA PIIS}[E-}SBI]

—— =

8'SA6S
x1000°0> AL SA VT (ST PI‘TL 01 ‘8 "L "SA 6 T T) JOAIISAI-IUI "SA PAID)[E-1SB]

sou07-¢




251

FISH DISTRIBUTION AND ABUNDANCE

VT d4SA SA I dld
8'SAG 8sAG 8'SAG (8°L'SAB) ASA 01 weq
€L8°0 L€S0 98S°0 09d 110 MO[2q JYOIA TTOAIISAI-IONUI "SA YS X I0MO[ PaId)[e-1sea]
6 SAT 6SAT VT d4SA SA VT d0OIN
SH6°0 09%°0 (6 'SA S “T) YSA PaIsy[E-1SEI[ "SA YOIN Pa1oj[e-1sea]
h&&.ﬁ& m:QNw\SQEN\ml .ESQMM.NEN
+(S0°0) 900°0 +(S0°0) 800°0 «(S0°0) 100 +(S0°0) ¥00°0 +(S0°0) S00°0
«{1°0) 1070 «{1°0) LT0°0 «(1°0) 2070 «(1°0) 8000 «{1°0) 1070 (eydre sstm-juowiadxa) eydje pajsnipe-tuossyuog
JUdWSIS
181°0 0820 LY00 €580 8661 SA L661
887°0 0£€9°0 989°0 889°0 8661 SA 9661
w8200 881°0 ¥€0°0 96L°0 L661 SA 9661
+(S0°0) L10°0 +(S0°0) L10°0 «(S0°0) L10°0 +(S0°0) L10°0
«(1°0) €£0°0 «1°0) €£0°0 «(1°0) €£0°0 «1°0) €£0°0 (eydre estm-juowiedxa) eydye pajsnipe-tuoryuog
RULD§
sjseyuo))
(£8°0) €850 (£5°0) 5080 UOI}OBISIUI JB)IqRYOIIBU/JUSWITIS
(S€°0) 6£8°0 (17°0) 6260 UOTJOBINUI JE)IqRYOIOR/Ied X
Or'1) €1€0 (9Z'1) $9¢€°0 UOT)OBIS)UI JUIWISIS/IBD §
(267 LLOO (€6'8) T10°0 (6v°0) 6580 (8L'1) €270 1eJ1qeYOIdBIN
(zv'1) 8670 (€2°0) L16°0 (€0'D) LEYO (6v°0) O¥L0 (1S°0) 0€L°0 Juaw3ag
(0£7¢) 0800 (97’1 0¥€0 (IT°¢) ¥S0°0 (60°0) 160 ECEJY
NYIL ‘NOS AL NOS
anag 008 ‘aNdd ‘008 ‘aNdd aNag D08 ‘dsI S}E)IqeyOIoRIA]
LI STTLCE SI-ZI 68 LISTVLCL | ZIST'68T| SIbI6°‘8°C SUEREN
8661-9661 8661 8661-9661 8661-9661 8661-9661 SI8d
81 0z 1€ €9 8¢ N
amﬂﬁmﬂo.ﬁomz amﬁﬂmﬂo.ﬁomz Hmﬁn:waouomz amﬂbmﬂo.smz amﬂﬁmﬂo.ﬁomz _o>o~ m@m\ﬁwﬁaﬂ
€ VAONV 7 VAONV I VAONV 7 VAONV I VAONV
wﬁ_amﬂobooﬁm Dﬁ_om &o&om oﬁmﬁﬁm

K1) sesuey = DY TOARY SUOISMO[[O X = YSA TOARY LINOSSIAl = JOIA "OSIMISYI0 POJEDIPUI SSO[UN JOATY LINOSSIIA

oU} UT dIE SJUSWIFS “JUOJ 27pj1 UT QI8 JOATY LINOSSIJA[ JoMO] J1f3 JO Uontod poZI[ouuey]d Y} Ul SJUSWFS "JUO) P[Oq UI PIYIIUIPI I8 PUE SITOAIISII WISUTEUT o)
0[0q 10 Ud9M}Aq dJ. SJUSWSIS JI0AIISOI-IoU] “SUTUIIOpUN AqQ PIIIIUSPI oJ8 PUE SII0AIISI WojsuTew s100urSug Jo sdio)) XIS o) 9A0QR oJ8 QUOZ PI)[e-}Sed] AU}
ur sjuowi39g A[oAnoadsal ¢, pue ,, Aq pajeorpur are eyd[e pajsnipe-ruoriojuog e Uo paseq G('( 3 JuedIugIs pue [°() e Jueoyrusis A[[euISIewW S)SLNU0)) "pIzA[eus
10U 0IoM JeU]) Sisenuod Juowdos pouueld ur Jussord a1om IEp JUSIOIINSU] "SISATRUE Y} UT POPN[OUT 9IoM SUWN[0 Y AQONY dU} Jopun 9sotj} SeaIoym ‘S}Senuood
pauueld juosardor uwnjoo o13sYEIS Ay} Jopun pajsI| sHuawSag 9[qIssod sem JSe1IU0I Ou SBIIPUI [[99 JUB[q Y 'S[9A9] SISAJeue Jo uoneue[dxo J0J SPOYIIA UI
SosATeUy [eo1)S1E)S 99§ "SOsATeur O} Ul POPNIOUL S}EIIRYOIOBW PUR ‘SUSWIOS ‘[OAJ] SISA[EUR UT SOOUIIJIP 199[JI SY AOQNYV S[dIN]A "SIOATY QUOISMO[[OA JOMO]
pue LINOSSIA oy} woly s1edd Surjdwres ojdinw £q pojod[[0o a49[[em sesaypuared ur sonjea-J s saniiqeqoid (VAQNY) 20UBLIeA JO SISA[RUY “/[-€V 9L



POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

252

AL DIVSE SA Al VSV

(Z1 'SA Q]) SIoyeMpeay dyeQ 9eT O} We( UOSLIED) JIOAIOSAI-IOMUL "SA SI0JeMPEOY BoMEYENES o)eT 03 YSA WOl YOIA JT0AISAI-IU]

T dLAD SA VT dLAV (L SAT) we( 309d 10, MO[oq JUSWSIS JI0AISSII-IUI "SA BT J09J MO, SA0QE JUSWSTS PaId)[e-)Sea|

NQNNENK kwciwhwm

L] SAST LI SA ST LI SA ST HD SA Ul D14 (£Z-£] 'SA ST) SHUSWSIS dUOZ
291°0 910 LES0 POZIJouUBYD "SA WE(J U0 SUIABD) MO[dq JUSWFIS JIOAIISAI-IIU]
HD SA O¥19d O/M I
LI SA BT T LI SA BT T LI'SA 8 (£Z-£1 "SA YT “TT ‘0T ‘8 ‘L) syuowigas duoz
1€6°0 rd k4] 8L1°0 PazZIjauuByd ‘SA We(J JUI0d SUIABD) JAOQE SJUSWZAS JIOATISII-IAIU]
AUl O¥T1d SA D14 O/ Ul (ST
ST SAPT‘TT | ST 'SAHI ‘TI ‘8 ST SA T ‘T SI'sA8 ST SApT ‘8 SA BT ‘T ‘0T ‘8 ‘L) We( JUIod SUIABD MO[9q JUSWTIS II0AIISAI
621°0 699°0 219°0 LOY'0 S€6°0 -IJUI "SA We(J JUI0d SUIABD) JAOQE SJUSWZAS JIOATISAI-IIU]
L] SAG HD SA VT USA (LZ£I SA®)
1L€0 SJUOWIZS QUOZ PIAZI[AUUBYD "SA YSA JOMO[ PIdj[e-1sed]|
SI'SAG SI'SAG SI'SAG UL OPTd SA VT USA (ST 'sA 6) we( jutod
L79°0 08L°0 099°0 SUIABLD) MO[9q JUSWZAS JIOAIISAI-IAUI "SA JS A JOMO[ PAId)[e-1SBd]
_ : : O¥1d O/A dI SA VT dSA
PLTI‘8SA G 8§ 'SAG PI‘8'SAG (BT “TT “O1 ‘8 °L "SA 6) wie(q JuI0d SUIABRD
998°0 LES0 €80 JA0QE SIUSWIZAS JIOAIISAI-IUIL "SA YS A JOMO] PaId)[e-)Sed|
LI SAGE L] SAE HD SA VT 4O (LT~ sA
€710 €Iy0 G ‘) SjuowW3as QUOZ PIZI[AUUBYD "SA SJUSWSAS YOI PoIdl[e-1s8d]
SISACT SI'SAT ST 'SAT Ul D14 SA VT dOIA (ST 'SA T ) we( juiod SUIABD
966°0 9¢8°0 €2€°0 MO[2q JUSWFIS JI0AIISAI-IIUL "SA SJUIWSIS YOIA PoIdI[B-1Sed ]
o | | O¥T14 O/M dI SA VT O
PITI SAT T 8§ SAT PL‘QSAT (bY “TT 01 ‘8 °L "SA T °T) we( JuI0d SUIABD
6L0°0 80S°0 020 QA0QE SJUQWIZAS JIOAIISAI-IUI “SA SJUAWSIS YOI PIo3[e-1sea]
6'SAT 6'SAT o VT d4SA SA VT 40N
St6°0 09t°0 (6 "SA T T) YSA PaId)[e-1SBI] "SA JOIN PId}[E-ISea]

$2U0Z-¢
Ll HD SA Yl
LI SAST ‘P “TT SA QL bI ‘TI LI SAGT ‘S (LT STsTc 61 LT SAST ‘PT T ‘01 ‘8 °L)
€150 9G1°0 0820 pazIjauueyd ‘SA JI0AIISII-Id)U]
LI SAGE LI SAGE L HD SA V1
€710 1S€°0 (LZ°ST €727 ‘61 L1 "SAG T T) PIZI[oUUBYD "SA PAId)[B-}SBI]
o ~ . St Al SA V1
SI-TI SA T SI-ZI ‘8 'SA G ST ‘8'SAG T b1 ‘8 °SAG T (ST PT“TIOT ‘8L SAG T D)
161°0 9LL0 638L°0 ¥12°0 JIOAIOSAI-IOJUL "SA PAId}[L-)SE]

soU07-¢
AT DIVSV-SA-UT dAMI (0] 'SA §) SIOIEMPEIY BOMEYBYES )BT 01 YS A WO YOIA J0AIISAI-INU] "SA YSA 03 We( Y994 10 M0[3q JOIA J10AIISAI-IU]
| | o AUl dLd SA" VT 40N
8§ SAT 8§ 'SAT (8 ‘L 'SAC T) USA 03 we( Y994 HO,] MO[dq
80S°0 6SC°0 SJUQWIZaSs YOIA J10AISAI-IAUI “SA SJUIWTIS YOIA PoIoIe-1sed ]




253

FISH DISTRIBUTION AND ABUNDANCE

€200 Y110 8661 "SA L661
8661 "SA 9661
L66T "SA 9661

«(S0°0) SO0 «(S0°0) S0°0
«(1°0) 1°0 «(1°0) 10 (eydre asim-juswitradxa) eydfe pajsnipe-ruorisuog

T8I X
wamﬁbﬂou
(9%°0) ¥6L°0 UOI}OBIDUI JBIIQRYOIOBUI/JUSWEIS
(600) ¥LLO UOI}0BIAIUI JBJIQRYOIDBUI/IBS §
(9L°0)S79°0 (P7°0) $08°0 UOTJOBISIUI JUSWIZSS/IB §
(1L°0) LEYO YeqBYOIBIN
(68°1) 660°0 (66°0) €050 ENTRE
(59°6) €200 (S99 vIT°0 ECEIN
YL YL ‘NDS SJe}IqeYOIORIN
61 LI ST-T16°8°L SI-ZI 68 °L STEREEN
8661 1661 8661 “L661 SIBO X
S vz N
Jreordoy 1B11qQBYOIIBIA [9A9] SISATeuy
7 VAONV I VAONV
uoﬂ:_mu \C.mﬁoﬁ.mum oﬁmﬁ.ﬁm
9r1°0 AL 'SA NDS
LT0°0 wC€0°0 ARLL "SA DDS
0S€°0 660°0 NOS 'sA DDS
¥20°0 £900°0 AL SA ANH9
0Z€0 810 NOS 'sA ANdd
0S6°0 1€9°0 0660 DS 'sA N4
+(S0°0) 800°0 «(S0°0) L10°0 «(S0°0) L10°0
«1°0) L10°0 «(1°0) €€0°0 «(1°0) €€0°0 (eydye asim-juswitiadxa) eydfe pajsnipe-ruorsjuog
jeliqeyoadejA
HD O SA HO DMV (L7 67 €7 'SA ZZ ‘61 *£T) D M0[2q PIZI[SUULYD "SA )] SA0QE PIZI[QUULYD)
42414 ENN.NNNQEE\\D

NVHD ;I SA Al O®14d
L] SAST L] SAST L] SAST (£ "SA §T) JUSWIIS JOALI POZI[OUUBYD
20910 910 LESO aw.ﬁ@ ‘SA e aﬁom mﬁ;mmv Bo_oﬁ aﬁoawnum .:o?ﬁomou-hoﬁﬂ
AL OXTD SA AT O®TV
(ST "sA 1)
ST SA L Sl SA L Sl SA L Sl SA L we ﬁ:om mﬁ\é@ \5209 ho?ﬁomouuuou.ﬁ ‘SA wuoumgﬁwon o&md
65€°0 LT60 L8Y0 9.8°0 SHE[D) PUE SIMS pue We(] [[Bpuey 1O,] U3oMm}aq JI0AISSII-IS)U]




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

254

SI sapl
890°0

SI sapl
YLL'O

AUl OFTD SA Al DO®TV
(ST 'SA $]) we( JUI0J SUIABD) MO[3q JIOAIISAI
-IOJUI 'SA SIOYeMPRAY 93e] YIB[D PUE SIMOT PUE WE(] [[EPUBY 1O0,] U0aMIdq JIOAIISOI-ION]

UL DIVSE SA AT VSV

(Z1 sA Q1) SIeyempeay oye() 3YeT 0) We(] UOSLLIBL) JIOAISSAI-ISJUI "SA SISJEMPEIY BIMEYEIES 3eT 03 YSA WOI YOIA II0AIISII-IU]

Td dLAD SA VT dLAV (L SA ) we( yo9d MO0, MO[oq JUSWIIS JI0AIISAI-IUI "SA BT 994 MO, SA0QE JUSWIAS PaId)[e-1Sea |

PaID]a4 J104.1259Y

61 LI SAST HD SA Ul D714 (L2-£] SAST)
90 SJUOWIZAS QUOZ PIAZI[QUUBYD "SA We(] JUI0d SUIABD) MO[oq JUSWFIS JI0AIISAI-IJU]

61 LI SAVLTL QL HO SA D®Td O/A U1 (241 SA YT “TL 01 ‘8 ‘L)
950°0 SJUOWISAS QUOZ PIZI[AUUBYD "SA WE(] JUI0J SUIABL) 9A0QE SJUIWFIS JI0AIISAI-IJU]

SISAPT TI‘8°L SISAPT TI‘8°L UL OPTI SA O®Td O/A Ul (ST SA $T “TI ‘01 ‘8 °L) we( uiod
€810 888°0 SUIABD) MO[Qq JUOWIZIS JIOAIISAI-IUI “SA WE(] JUI0J SUIABD) QA0 SJUSWFIS JIOAIISII-IOJU]

61 LI SAG HD SA VT USA (£Z-£] SA®)

SYT0 SJUOWIZOS QUOZ PIAZI[AUUBYD "SA YSA IOMO[ PaId)[e-}Sed]

SI'sAG SI'sAG Al O 19 SA VT dSA

20570 G680 (ST 'sA ) we(q UI0] SUIABL) MO[Qq JUSWSAS JIOAIISAI-IAUIL "SA YS A JOMO] PAId)[e-)Sed]

PLTI ‘8L SA® PLTI‘8°L'SAG D14 O/A Ul SA VT dSA (bI “TI
SHL 0 11L°0 ‘01 ‘8 ‘L "SA ) We(] UI0J SUIABL) dAOQE SJUAWSIS JIOAISAI-IAUI SA YS A JOMO[ PId)[B-1SB]

HD SA VT O (£7-/] 'SA S °T) Sjuowi3as QuOzZ PIZI[QUUBYD "SA SJUSWSAS YOI P2Io3[e-1sed]

AL DOPTD SA VT dOIN (ST SA S §) we( ulod SUIABD MO[3q JUSWFIS JIOAIISAI-IOUL "SA SJUSWZAS YOI P2Iol[B-1s8]

DT O/AA Ul SA VT O (BT “ZI ‘01 ‘8 °L 'SA S T) We(] JUI0 SUIABD) 9AOQE SJUSWSTIS II0AIISAI-IJUL "SA SJUSWSIS YOIN PaIo)[e-1Sea]

UL JAVSV-SA-UT dAAG (0T SA 8) SISIEMPEIY BOMEYEYES Y8 0} YSA WO YOIN HI0AIISI-INU] "SA YSA 03 WE(T 024 MO0, MO[3q YOIA H10AISSII-IdU]

VT dSA SA” VT dOW (6 'SAT “T) YSA PIIE-ISed] 'SA YOIA PIo)[e-1sea]

§aU0Z-¢

61°LI SAST-TL 8 L

HD SA I (LZ €T €T T 61 LT SAST'F1 T 01 ‘8 °L)

890°0 POZI[oUUBYD “SA JIOAIISAI-IOJU]
61°L1 SAG HD SA V1§67 2261 L1 A6 S D)
8¥C°0 POZI[aUUBYD "SA PAId)[B-)SBY]
SI-TL ‘8L 'SA6 SI-TL ‘8L 'SA6 UL SA VI(STFT TIOI 8L SAG T D)
£89°0 9TL’0 JIOAJOSAI-IOJUI "SA PAId)[B-)SBI]
souoz-¢
UL dLA SA VT O (8 °L SAT €) MSA 03 we( 094 M0 MO[oq SUdWZAS YOIA J10AIISAI-IIUL “SA SJUIWSAS JYOIN PoIR)[e-1sed]
S LSAG 8L'SAG VT dSA SA dI d1dA
8650 ¥CL 0 (8 °L'SA ) USA 03 We(] 399d HO,{ MO[Oq YOIA HO0AIISAI-IAUI 'SA YS A TOMO[ PAIo}[E-}sed]
VT USA SA VT OIN (6 SAT T) USA PAIo)[e-)Sed] 'SA JYOIA PoIoY[e-)Sed ]
$.42411 UOISMO][2[— 14NOSSIN
x(S0°0) S00°0 +(S0°0) 800°0
W(1°0) 600°0 W(1°0) L1070 (eyde asim-juowLiodxe) eydfe pajsnlpe-ruoiojuog

JUIWSIS




255

FISH DISTRIBUTION AND ABUNDANCE

LEV0

AL SANDS

L SA DDS

NOS 'sA DDOS

L SA ANHY

NOS 'sa ANHE

D0S SA ANHd

«(S0°0) S0°0
«(1°0) 10

(eydie asim-juownadxd) eydpe pasnlpe-tuosojuog

JENQEYOIIEIA

HO OMd SA HO DMV (£ "€ "€2 'SA Z 61 "£1) D MOJdq PIZI[QUULYD "SA )3 9A0QE PIZI[auuey)

L2011 PIZIIUUDY))

LI SAST
12€°0

NVHD I SA dI O¥14d
(I

"SA GT) JUOWSOS JOALI POZI[OUUBYD ISIJ "SA WE(] JUI0J SUIABLD) MO[dq JUSWSOS IT0AIOSI-TIU]




256 POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

Table A4-1

Table A4-2

Table A4-3

Table A4-4

Table A4-5

Table A4-6

APPENDIX 4
PHYSICAL HABITAT: STATISTICS

One-way ANOVA and logistic regression for presence/absence of
bigmouth buffalo, blue catfish, blue sucker, and burbot .............cccccevviiriiniinnnenn. 257-258

One-way ANOVA and logistic regression for presence/absence of
common carp, channel catfish, emerald shiner, and fathead minnow...................... 259-260

One-way ANOVA and logistic regression for presence/absence of
flathead catfish, flathead chub, freshwater drum, and river carpsucker................... 261-262

One-way ANOVA and logistic regression for presence/absence of
sand shiner, sauger, shorthead redhorse, and shovelnose sturgeon .......................... 263-264

One-way ANOVA and logistic regression for presence/absence of
sicklefin chub, smallmouth buffalo, stonecat, and sturgeon chub............................ 265-266

One-way ANOVA and logistic regression for presence/absence of
walleye and White SUCKET ........coviviiiiiiiiiiiicc e 267-268



257

FISH DISTRIBUTION AND ABUNDANCE

[SNI] [SNI] [SNI] [SNI]
(€01°0°6'T ‘6€1) (857°0 “T°0 ‘199) (1000°0> ‘L6 ‘€17) (88S°0°LT°0°LLT) (NIN) Arprgany 13epm
0SZP/10°6S 0T'SP/66'1S L9°89/96°0T1 v vE/0S €
(61070 ‘9L1°0] [SNI] [1000°0> ‘SL€0] [S00°0 ‘891°0]

(00 °0°1 “I¥1D)

(20070 “L'T 099)

(1000°0> 46 ‘L0T)

(01070 °S9°€ ‘081)

(Do) amyerodwo) 1938\

0S'12/68°0¢C T1°C2/09°€T 8S¥T/€1°9T v6'61/L0°CC
[SNI] [SNI] [6000°0 “ZLS 0] [SNI]
(1000°0> ‘0°L1 ‘I¥1) (1000°0> ‘6°S ‘995) (1000°0> S'1Z ‘v12) (PSE0 ‘S0 ‘081) () yadop 1018 M
L180/19L°T SSST1/EEPT LOET/809°C 180°1/19C'1
[10000> ‘1€8°¢] (100070 ‘L] [200°0 ‘€557l [SNI]

(200070 °S°6 “I¥1)

99t°0/5€9°0

(1000°0> “L"L “T9S)

€6€°0/209°0

(1000°0> ‘LT “€12)

061°0/€LY°0

(S¥0°0 ‘€T 9LT)

90C°0/TT1°0

(09s/w1) A3100[9A 1978 M\

10qing

1a3ong anjg

ysIe) anjg

ofeyyng ymowsig

[on[ea-4 ‘orewnss 1ojowered :uoIssa13ar o13s1307]

(an[eA-g ‘10J paIuN0doE dUBLIBA % ‘N :VAONYVY)

USIJ JNOYIIM UBSW/YSI] YIIM UBIJA

- Juorssoi3or onsiSor ur jueoyrudIs jou,, 103 Spuels SN . U0ISSa1301 o13SISO Ul pasn jJou,, J0J SPUE)S ()N “€Jep POULIOJSUBLIUN UO Paseq
sor1oads & Jo soussaxd oy Jorpard o3 s1ejowered JelIqey Y3 JO Yoed Jo AIqe oY) PoIs) uoIssardar onsi3o asimdalg 'son[eA powIojsues) oeq dIe sueaw {(pasn
SUOIJRULIOJSUET) JOJ JXQ) 90S) BJep POWLIOJSULI) UO POSEq POINSLOll SO[qeLIeA JeIqey oY) JO Yoro J0J S10ads € JNOYIIM PUR YIIM SIS USIMIOq SOOUSILJIP UBOW

PaISe} VAONY Aem-ouQ) 30qIng pue ‘Iosons anjq ‘ysiied onjq ‘orepynqg ynowsiq jo oouasqe/ooussard 10§ uorssarar onusiso] pue YAONY Lem-ouQ ‘[-+V 9[qeL




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

258

8VSI [438% 1'%0C 1'8¥1 anjeA DIV [spout [[n]
€CL] L'L9Y L'8LT 8VSI anpea DIy Auo 1deoiuy
EL 9°LL 8V8 899 90UBPIOOUOD 9/, UOISSAIZAI o1SIF0]
Y10 010 <0 SO0 patenbs-y uoissai3ar onsi3o]
(NNl (NN (NNl (NNl

(87$°0 ‘€0 “I¥1)

S0T0/6LT°0

(1000°0> ‘0¥ ‘+9S)

0€v°0/SLT0

(1000°0> ‘1°01 ‘¥12)

61,°0/66€°0

(20070 “8¥°G “8LT)

66%°0/0C8°0

J[1s uonzodoid

[nN]
(981°0 ‘€T “I¥1)

€y 0/CIS 0

[NN]
(#000°0 “T°T ¥99)

[1+°0/209°0

[nN]
(1000°0> 0L ‘¥127)

1€2°0/99%°0

[nN]
(20070 “PE°S “8LT)

99t°0/691°0

pues uonodoid

[nN]
(#0S°0 ‘€70 “I¥1)

ceTo/v61°0

[nN]
(£20°0 ‘6°0 ‘¥9S)

<r0°0/LLO0

[nN]
(1000°0> ‘8°8 ‘¢12)

$00°0/620°0

[nN]
(LT€0°5S°0 “8LT)

€00°0/100°0

[9A®13 uonzodoig

[SNI]
(0¥9°0 “T°0 ‘1¥1)

865°C/186°C

[100°0 ‘st0°0]
(1000°0> 9°6 ‘+95)

EIL'0/6ELY

[SNI]
(1000°0> °L'8$T ‘¥17)

€0CT0/1SLC

[SNI]
(£00°0 ‘P8t “8LT)

19C°0/101°0

UBSW J11}AUWI0aS dje1sqnsg

[SNI]
(081°0 ‘€T “I¥1D)

68 1V9Y/9¢ v

[£00°0 “200°0]
(90070 ‘¥'1 ‘8SS)

09'vC9/C1°169

[910°0 ‘€00°0-]
(19L°0 ‘0°0 ¥02)

91°699/¥5°€99

[SNI]
(899°0 ‘1°0 ‘081)

L1°€89/LS E0L

(wo/Sn) ANAIONPUOD IJB AN




259

FISH DISTRIBUTION AND ABUNDANCE

[SN] [SN] [SN] [SN]
(61970 ‘T°0 SS€) (PET°0 V70 bTS) (1000°0> “1°L “T¥L) (800070 ‘9T ‘01L) (NIN) Auprging 1oye p\
LO'ST/P 0E SCIV/TL 8y €0°62/69°€S 78°S€/86°LY
[SN] [SN] [1000°0> ‘0¥€T°0] [1000°0> ‘Z11°0]

(66L°0 °0°0 “T9€)

(#98°0>‘0°0 “82S)

(1000°0>“1°8T ‘L¥L)

(1000°0>“6"L “STL)

(Do) 2ameradwo) 1938 |\

8%°07/¥9°0T 68 €TY6'ET L0'0T/89°€T ¥8°07/ST°€T
[SNI [SNI [1000°0> €9¥9°0] [1000°0> ‘T6%°0]
(1250 °‘1°0 €9¢) (1670 ‘1°0 “S€9) (1000°0>‘T'8 “sSL) (1000°0> ‘1L “€TL) (w) ydop 1998 AN
v6S 1/S0S°1 68S°1/699°1 9ZT'1/€88°1 S6T1/T161
[SNI [SNI [S00°0> “€576°0-] [1000°0 ‘6£€°1-]
(TP1°0 °9°0 ‘95€) (6950 ‘10 “€TS) (LE6Y'0 070 ‘L) (5860 °0°0 ‘TTL)
(09s/wr) A3100[9A 1938 M\
LOS 0/LYT 0 €€€0/0S€°0 €T€°0/6€€°0 TTE0/€TE0
MOouurjy peayreq JourysS prerowg gsmae) [puuey) dre) uowrwo)

[onfea-4 ‘orewnss 10jowered :uo1ssai3ar onsISoq]

(anyeA-d ‘10 PAIUNOIIEB AOUBLIBA 9%, ‘N 'VAONY)

USTJ JNOYIIM UBSW/YSI) UM UBIIA

* U01SSa1391 013SI30[ oY) Ul JUBOYIUIIS 910M SI[BLIBA OU,,

10J spueis AN °.UOISsa13a1 o1s130] Ul JUBDJIUSIS JOU,, JOJ SPUe)S SN *, . UOISSa13a1 o13SIS0[ Ul pasn Jou,, 10J SPUe)s (N "BIep PAWLIOJSUBNUN UO PIseq $a10ads © Jo
souasaxd oy 101pa1d 03 s1v3owered JelIqey Ayl JO YoBd JO AJN[Iqe 9y} Pajsa) uolssar3al onsi3o] asimdolg ‘sonjeA pauIojsues) Joeq a1k SuBdW {(Pasn SUOIIBULIOJSURI)
10J 1X9} 99S) BJEp PIWLIOJSUBI} UO PISEq PAINSEIW SI[BLIEA JBIIqRY 9} JO OBd I0J SI10ads € JNOYIIM PUE [)IM SOJIS UIIMIOq SIOUSIIJIP UBIW PIsd) VAONY
Kem-auQ ‘MouUIW PBAYIR] PUB ‘IQUIYS PeIoW ‘YSIJIed [Quueyd ‘dIed uowwods Jo 90uasqe/a0uasald 10] uorssaidal o1si3o] pue YAONY Lem-auQ "z-#V 9[qel




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

260

AN 817996 66 1LL 20°'1¢8 njeA DIV [epoul [N
AN LT 69S L9°0L6 $9°976 anpea DIy Auo 1deoiauy
AN 6'¥¢S 9°6L 1L 90UBPIOOUOD 9, UOISSAITI o1SIF0]
AN 100 ST0 10 Pparenbs-y UoISSAIFI O1SIF0]
(NN (NN [nN] [nN]

(€L9°0 ‘0°0 “€9¢)

0St°0/18%°0

($0£°0 T°0 ‘€€9)

LTV 0/8LY°0

(1000°0> ‘T°€ “€SL)

LEE0/STS0

(1000°0> ‘59 “12L)

90€°0/¥LS0

1118 uonzodoid

[NN]
(86$°0 ‘T°0 “€9¢)

ey 0/€6€°0

[NN]
(61070 ‘0T “€€9)

cer0/2ee’0

[NN]
(1000°0> ‘S°€ “€SL)

€16°0/SEE0

[NN]
(1000°0> ‘9°L “12L)

SLS0/CIE0

pues uonodoid

[NN]
(66770 ‘€0 “€9¢)

€20'0/v10°0

[NN]
(€11°0 ‘570 “€€9)

£€0°0/150°0

[NN]
(P€E0°T°0 “€SL)

L€0°0/0€0°0

[NN]
(98070 ‘v°0 ‘12L)

620°0/020°0

[9Ae13 uonzodoid

[SNI]
(089°0 ‘0°0 “€9¢)

0IS°0/LLSO

[SNI]
(0€1°0 ‘0 “€€9)

099°0/L£6°0

[SN]
(08570 ‘070 “€SL)

$€9°0/969°0

[S00°0 ‘150°0]
(L9¥'0 ‘1°0 ‘12L)

¥€9°0/295°0

UBOW OL1)AWO0S 9JeNSqNS

[SN]
(0LL70 070 ‘19¢)

18°599/0C°859

[s20°0 ‘100°0-]
(1€0°0 ‘6°0 “€29)

Y1'v0L/15°099

[SNI]
(100°0 ‘¥'T “€pL)

0L°009/¢t°6V9

[SNI]
(50070 ‘T°T ‘11L)

€9°6C9/1TEL9

(wo/Sn) ANAIONPUOD I9JB A\




261

FISH DISTRIBUTION AND ABUNDANCE

[SNI] [S000°0 “+00°0] [SNI] [SNI]
(LE0'0 °L°0 “899) (1000°0> “5°6 ‘99t) (12€°0 ‘v'0 ‘820) (LZ0°0 9T “€1¢€) (NIN) Apraing 103epy
8L SE/ET EY ST T1€/TL 19 66'TH/9L'TS ¥8°65/S6° VL
[£000°0 ‘690°0] [SNI [SN] [SNI

(1000°0> ‘€T “L9)

(IT1°0 °S°0 ‘69%)

(867°0 ‘5’0 ‘0£0)

(2000 ‘0°€ ‘T1E)

(Do) 2aeradwo) 193 M\

8 17/16'CT €6'€T/SEHT 97°02/76'0¢ €CYT/TT ST
[SNI] [SNI] [1000°0> ‘180°1-] [1000°0> ‘0zL 0]
(8€0°0 ‘9°0 “089) (1000°0> ‘T°€ ‘9LY) ($50°0 ‘9’1 ‘0€2) (1000°0> v'LT ‘91¢€) (w) ydep 13
6SL1/ELS'T 08t 1/726°1 68 1/870°1 €0¢'1/CILT
[1000°0> ‘120°C-] [SNI] [1000°0> ‘Z8T'¥] [SNI]
(1000°0> ‘T°L ‘899) (0LS°0 °T°0 b9t) (1000°0>°S'6 ‘0€2) (1000°0> ‘T91 ‘T1¢)
(09s/ux) AIIO0[9A 191 M\
€T¥°0/95T°0 ¥¥€°0/09€°0 $91°0/61%°0 S€T0/08%°0
1o3onsdie)) 10ATy wWnI(J Io1emysarj qnu) peayre[g ysije)) peayje[g

[oneA-4 ‘ojewunso 1ojowrered :uorssai3ar onsiSoq]

(onJeA-d ‘10 PAIUNO0IIE UBLIRA %, ‘N :VAONYVY)

USIJ INOYIM UBOWI/YS YIM UBIIA

* UOISSO1301 O1SISO[ UI JUBDIJTUSIS JOU,, 10 Spuels SN * UOISSAIZAI O1ISISO[ Ul pasn jou,, J0J SPue)s N "Bjep pIULIOsuLnun Uuo paseq saroads e jJo

douosaxd oy jo1paxd 03 s1ojowrered JelIqey 9Y) JO YOBD JO A[IE OU) P9ISO} UOISSOIZAI ONSISO] 9S1Mdo)g "SanJeA POULIOJSURI) JOBq 918 SUBIW ‘(PIsn SUOIIRULIOJSULI)
10J 1X0) 935) BJEP POULIOJSUBI} UO PAseq PAINSEIW SO[qBLIEA JEIIqRY O} JO [IBD 10J SO10ads © JNOYIM PUE YIIM SIS UIOM)q SOIUDIQJJIP UedU PaIsd) Y AONVY
Kem-ou() "193onsdred I9ALI pue ‘wnIp I9JeMysaly ‘qnyo peaylelJ ‘Ysiyied peaylelJ Jo 9ouasqe/o0ussald 10J UoIssaIdar onsiSo pue YAQONY ABM-3UQ "¢-4V 9[qel




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

262

0L'C6L 86°L8S 16111 ¥1°C8¢C n[eA DIV [epoull [[n]

L6798 Y019 9G°6L1 L6 STy anjea DIy AJuo 1daoraug
0°0L 679 £'€8 98 Q0UBPIOIUOD 9, UOISSAITAI O1SIF0]
110 90°0 LT°0 LE0 patenbs-y uoissai3al o1si3o
[AN] [AN] [nN] [AN]

(1000°0> “‘+'9 “8L9)

¢1€0/085°0

(2000 ‘0T ‘vLY)

L6€0/€vS0

(1000°0> ‘99°€T ‘0£7)

0SL°0/vLT0

(8200 °S’1 p1¢)

VLS 0/CvY 0

J[1s uonzodoiq

(NN
(1000°0> ‘0°S “‘8L9)

y€S°0/CCE0

(NN
(20070 ‘1°C ‘vLY)

6C1'0/€0€°0

[NN]
(I100°0 ‘9t ‘0€2)

10T°0/09%°0

[NN]
(0S€°0 ‘€0 vI¢)

¢9¢°0/01%°0

pues uonyodoid

[NN]
(200070 ‘T°C ‘8L9)

8€0°0/L10°0

[NN]
(6£€°0 °T0 ‘vLY)

£v0°0/€€0°0

[nN]
(2000°0 0'9 ‘0€7)

600°0/9¢1°0

[AN]
(S10°0 °6°T ¥I€)

010°0/220°0

[2a®13 uonpodoid

[SNI
(1000°0>“T°€ ‘8L9)

9L6°0/9¢t°0

[020°0 °£20°0]
(8€T°0 €0 ‘vLY)

SEL0/TIS60

[SNI
(1000°0> ‘09T ‘0€2)

ce10/28E°1

[1000°0> “L0Z0]
(1000°0> ‘00T ‘v1€)

rT0/080°C

UBaW JL1dW03a3 9)eNsqng

[110°0 ‘100°0]
(S000°0 ‘8’1 ‘899)

£87C£9/99°889

[SNI
(8000 S°T “v9%)

9¢°TIL/9T 099

[€€0°0 “v00°0-]
(1000°0> ‘'8 ‘0€2)

80°009/20°L6Y

[SNI
(Ov1°0 L0 80€)

§TT69/56'1CL

(wo/Sn) ANIAIIONPUOD 1OJB AN




263

FISH DISTRIBUTION AND ABUNDANCE

[SNI] [+000°0 ‘+00°0-] [SNI] [SNI]
(£00°0 “S'T “€65) (2200 870 °$99) (1L9°0 00 ‘169) (1000 ‘9°T “T6£) (NIN) Arprgang 13ep
00 vP/19°LS TTh/Es €S SULY/TY Sy 95'v¢/78°9S
[SNI [SNI [L¥0°0 ‘8€0°0-] [£000°0 ‘SS1°0]

(8000 T'1 “€65)

(090°0 S0 0L9)

(6100 ‘8°0 ©969)

(£00°0 ‘€T “S6€)

(Do) 2meIodwo) 1978 A\

06°12/28°C¢ L1'TTNS1T 68°TT/S1°TT 96°€T/98'¥¢C
[1000°0> ‘89%°0] [SNI [SNI] [SNI]
(1000°0> “v"81 ‘665) (€¥6°0 ‘0°0 “8L9) (€01°0 ‘v°0 bOL) (€86°0 ‘00 20t) (w) yydop 1978 M0
T8T1/S8E°T PEST/0PS'T 0LS'T/1TL1 €SLT/6VLT
[1000°0> ‘¢Sz ¢l [SNI [SNI] [SNI]
(1000°0> 9°ST “$65) (0100 °0°T 999) (TLL0 070 T69) (SLT°0°S°0 “06€)
(09s/w1) K1100[9A JOJB AN
TLT0/€6S°0 T1€0/LLEO 1Y€ 0/7€€°0 662°0/25€°0
u033IMS 9SOU[IAOYS 9SIOYPIY peayHoysS 1a3neg JouIys pues

[on[ea-4 ‘orewnss 10jowered :uoIssaIZar o13s1507]

(enJeA-d ‘10 PAIUNOIOE JOUBLIBA %, ‘N ‘VAONYVY)

US1J JNOYIIM UBIW/YSIJ M UBIIA

* U01Ssa13a1 o13SI30] Ul JUBDIIUSTIS J0U,, 10J SPuUe)s SN ° UOISSaI3al1 o1sI30] Ul Pasn Jou,, J0J SPuels (N "eIep PAULIOJsuenun uo paseq so1oads e jo

oouasaxd oy 301pa1d 03 siv3owered jelqey oyl Jo yoed Jo AI[Iqe ay} paisd) uolssaidar onsi3o] asmmdolg ‘sonjeA pauIojsues) Jorq a1e suBdwW {(Pasn sUOIIBULIOJSULI)
10 X9} 993S) €jep PIUWLIOJSURI) UO PASEq PIINSBIW SI[QBLIEA JBIIqRY O} JO OB IOJ SA10adS © JNOYIIM PUE YIIM SOJIS UIOMII] SOIUIIIIJIP UBSUW PAISA) VAONY
Kem-ou() "u093IM3S ISOU[QAOYS PUE ‘dSIOYPAI PEIYHOYS ‘1a3Nes ‘IAUIYS PUBS JO 90Uasqe/a0uasald 10J uoIssaIZal oiSISO] pue VAONY Aem-ouQ b~V 9[qeL




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

264

['019 6'VLL TLEY ['6S¢ Sn[eA DIV [epol [[n]
T98L €66L 1'6€8 L'TLE anfea DIV AJuo 1doosyu]
0°¢8 779 79¢ 979 90UBPIOOUOD 9, UOISSAITI O1SIF0]
LT0 ¥0°0 10°0 $0°0 parenbs-y uorssar3ar onsIo|
[ON] [nN] [ON] [nN]

(1000°0> “v'C1 °L6S)

615°0/¥81°0

(LY1°0 €0 °9L9)

6¢V°0/LLEO

(€000 ‘€T TOL)

Y1¥°0/6€5°0

(200°0 ST ‘00%)

¢S ovIe0

j[1s uonzodorg

[NN]
(1000°0> ‘t'6 “L6S)

SYE0/0€9°0

[NN]
(SS¥°0 °1°0 °9L9)

6£¥°0/01%°0

[NN]
(£000°0 ‘6'T “T0L)

6£¥°0/L0E°0

[NN]
(¥00°0 ‘1°T ‘00%)

18€°0/¥SS°0

pues uontodoig

[NN]
(100070 °S'T “L6S)

1€0°0/690°0

[NN]
(1000°0>‘1°€ “9L9)

§20°0/890°0

[NN]
(€2€0°1°0 ‘T0L)

€€0°0/T¥0°0

[NN]
(92Z°0 ‘¥°0 ‘00%)

€10°0/610°0

[9Ae13 uonzodoid

[SNI]
(1000°0> ‘11T °L6S)

61¥°0/8CI°¢

[200°0 ‘+€0°0]
(£00°0 °€'1 9L9)

SLSO/LL60

[SNI]
(6€1°0 €0 ‘T0L)

ISL°0/SLS0

[SNI]
(2000°0 ‘¥°€ ‘00%)

S0S°0/S9¥'1

UBOW J11)oWO093 9)ensqng

[SNI]
($82°0“C°0 ‘169)

9€7209/66°619

[SN]
(£06°0 ‘0°0 ©999)

eV CC9/TrvT9

[SN]
(0L0°0 °S°0 “T69)

€6°659/99°6C9

[SN]
(9L¥°0 ‘T°0 “T6€)

Y CCL/E9 6¢EL

(wo/Sn) ANAIONPUOD IOJB A\




265

FISH DISTRIBUTION AND ABUNDANCE

[SNI] [SNI] [SNI] [SNI]
(£80°0 ‘°9°T ‘ST1) (29070 ‘60 ‘9L¢) ($56°0 °0°0 ‘169) (68770 ‘S0 °LTT) (NIN) Lprginy 1ajem
08°9¢/£8°61 LL'SY/L6'Y9 €5°91/08° 9% ¥1°69/S0°08
[SNI] [SNI] [SNI] (6000 ‘811°0-]

(zer'0°9°0 ‘611)

8¢07/18°61

(2870 €0 ‘6L¢)

SI°€¢/99°CC

(9€0°0 “9°0 “969)

6v /YT ET

(100°0 ‘S'¥ ‘922)

L8TT/0T'IC

(Do) 2ayeradwo) 1938 |\

[¥10°0 ‘128°0]

[SNI]

[SNI]

[+000°0 ‘629°0]

(1000°0> ‘S'€T“611) (#0070 ‘T°T €8¢) (696°0 ‘0°0 ‘¥0L) (1000°0> ‘S°61 ‘0£2) (w) yadop 1038
€€8°0/SP9'1 8¢S 1/810°C 819 1/419°1 6L0°'T/061°C
[€00°0 ‘990°¥] [1000°0> ‘¥$9°¢] [1000°0> °L96'1-] [1000°0> ‘650°¥]
(1000°0> ‘80T ‘611) (1000°0> “L"L ‘8LE) (1000°0> ‘0°¢ “269) (1000°0> ‘S°€T ‘670)
(09s/ur) A3100[9A JaYe AN
¥9€°0/1LS°0 LIV 0/T¥9°0 LIE0/THT 0 09€°0/019°0
qny) uoadImg 1803U01S orejyng yinowjewrs qny) urjaoIs

[onyeA-4 ‘orewnso 1o3owrered :uorssaidar onsiSoT]

(an[eA-d ‘103 paIuN0odE dUBLIBA 9, ‘N :VAONYVY)

USIJ INOYNM UBOWI/YSI] YIM UBSIA

" uorssaigor ons130] ur yueoyTuSis jou,, 10J Spuels SN . U0ISsa13a1 o13SIS0[ ul pesn Jou,, J0J SPUe)s (N "BIep POULIOJSUBIIUN UO PIseq s910ads & Jo

oouasald oy yo1paid 03 siojowrered yejqey oyp Jo yoea Jo A[Iqe Y3 paIse) uoIssardor onsiSo] asimdolg "sonjeA POWLIOSURI) OB OIe SUBSW ¢(PIsn SUOTJEULIOJSULI)
10J 1X0) 99S) BJEDP POULIOJSULI} UO PASeq PAINSEIW SO[QBLIEBA JEIIGRY OU) JO [OBD 10J SO10ads € Jnoym pue yim S9)Is Udom)aq SOIUIQNJIP Uedl paisd} Y AONVY
Kem-ouQ qnuo uodJIngs pue ‘yeoduo)s ‘o[eynqg YINOW[ews ‘qnyo UII[oIS JO 90udsqe/ooudsad 10J uoissardor onsio] pue YAONY Aem-ouQ ‘§-4V 9[qeL




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

266

0¥Cl S'LIE 0°SL9 9°'1¢C on[eA DIV [opol [N
142! 8'TLE 0°€0L L'S0€ onfea DIV AJuo jdooiajuy
08 €9L 1°¢9 1'68 90UEBPIOOUOD 9/, UOISSAIZAI d1ISISO]
§To S1°0 S0°0 €0 patenbs—y uoissai3ai o1si3o
(AN (AN [N [ON]

(9200 ‘T¥ ‘611)

8LT0/Y91°0

(96770 °€°0 “Z8€)

€61°0/€91°0

(1000°0> “v"€ “20L)

¥01°0/9€9°0

(I¥1°0 ‘60 ‘0€2)

yeC0/€81°0

J[1s uontodoig

[NN]
(060°0 ‘v ‘611)

66¥°0/€29°0

[NN]
(#90°0 ‘60 T8E)

8€9°0/LSS0

[NNI]
(1000°0> “s°¢ “z0L)

I¥7°0/0vC0

[nN]
(86%°0 “T°0 ‘0€2)

919°0/8+¥9°0

pues uonodoid

[NN]
(9L5°0 ‘€0 ‘611)

860°0/0C1°0

[NN]
(1000°0> ‘6% “78¢€)

650°0/291°0

[NNI]
(LZ0°0°L0 ‘TOL)

0%70°0/120°0

[nN]
(#90°0 S°T ‘0€2)

050°0/580°0

[9a®13 uonzodoid

[SNI
(8%0°0 ‘€€ ‘611)

1T 1/6881

[SNI
(1000 LT T8€)

126'1/L9S°¢

[200°0 ‘6£0°0]
(#10°0 ‘60 ‘TOL)

89L°0/¥9%°0

[SNI
(9¥00°0 ‘S°€ ‘0£7)

YT T/SITC

UBOW J113OWO03 djensqns

[SNI
(509°0 ‘T0 ‘611)

86°'805/87°81¢

[1000°0> S00°0-]
(1000°0> ‘t"9 “8L€)

6V'8€9/01°LES

[SNI
(8¥€°0 ‘10 “T69)

€9r9/€€ Y99

[L000°0 ‘S00°0-]
(£000°0 ‘8°S ‘977)

99°GLS/0S'LTS

(wo/Sn) ANATIONPUOD IOJB AN




267

FISH DISTRIBUTION AND ABUNDANCE

[SN]
(#9€°0 ‘¥°0 ‘802)

Ye9¢/S1°¢C

[SN]
(T10°0 °¢'1 °L8Y)

£8°6C/6Y'EE

(NIN) Anprqany 1arep

[0+0°0 ‘8L0°0-]

(0L1°0 ‘6°0 802)

[200°0 ‘080°0]

(900°0 °S'T “L6Y)

(D,) 2anyerodwo) 193e A\

v9°L1/88°91 TL07/€8°1T
[800°0 ‘8¢t0-] [SNI]
(880°0 ‘¥'1 ‘602) (SS¥°0 “T°0 ‘86%) (w) yadap 1038 M
AU L8V 1/79S°1
[SN] (200070 ‘81¢°1-]
(LSE0 ‘v°0 ‘602) (200070 ‘6'C “L8Y)
(09s/ur) A3100[0A J9¥R AN
0S€°0/60€°0 9L£°0/€9T°0
IoyoNng YA oka[Te M

[onfea-q ‘orewunse 1ojowered :uorssaidar onsiSo]

(an[eA-{ ‘10J paIUN0dIE IOUBLIBA % N 'V AONYVY)

USIJ INOYIIM UBOWI/YSI] YIM UBIJA

- Juorssodor onsi3o] ur juedyrudis jou,, 103 Spuels SN ° U0ISSa1S91 o13sISo Ul pasn jou,, 10J SPUE)S (N “Bjep pouLIojsuenun

uo paseq so103ds & Jo souasaxd ayj 301paid 0} s1ojowrered wioj-paq Jo sdnoi3 ay) Jo Yyoes Jo A[Iqe oy} Polsa) UOISSAIFal o1sIS0] osimdolg ‘son[eA pauLIojsues)
yoeq 91 SuBowW {(PIsh SUONBULIOJSULI) JOJ 1X0) 93S) BJEP POULIOJSUEI} UO PAseq PAINSEIW SI[qBLIEA JeIIqRY dU} JO [OBd 10 So1oads © Jnoyjim pue [jim sojis
U90M)9q SOIURIQLJIP UBSUI PIISA) Y AQNY ABM-0UQ) "IONONS S}IYM PUB dA[[EM JO 99Usqe/o0udsald 10J uoissardar oisiSo] pue YAQONY Aem-ouQ ‘9-4V 9[qe]




POPULATION STRUCTURE AND HABITAT USE OF BENTHIC FISHES, VOL 3

268

v'C8¢C L'EVS onfeA DIV [opoul [N
L'88¢C 8796 anfea DIV Aquo jdoorojuy
09 0°€9 90UEBPIOOUOD 2/, UOISSAIFAI O1ISIFO]
S0°0 S0°0 pa1enbs-y uoIssaIfar onsigo]
(nN] (nN]

(L66°0 ‘070 ‘602)

€LE0/VLED

(1000°0> '€ ‘961)

8€E0/P¥S0

J[1s uontodoid

[N
(08¥°0 ‘270 ‘602)

9Ty 0/9LY 0

[N
(20070 ‘6’1 96%)

S9¥°0/LTE0

pues uonodoid

[nN]
(€91°0 ‘60 602)

90°0/¥7€0°0

[nN]
(2100 ‘€°1 96%)

LS0°0/820°0

[2a®13 uonodoid

[SNI
(0690 ‘1°0 ‘602)

959°0/+85°0

[SNI
(1000 ‘1°Z ‘96%)

¥88°0/9v¥°0

uBaW JLN3W0a3 9jensqng

[SNI
(€¥L0 ‘170 ‘602)

99°v09/55°965

[SNI
(200070 ‘8°C ‘96t)

80°€C9/16°00L

KJIATIONPUOD IOJR A\




