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EXECUTIVE SUMMARY

Population-level characteristics such as
growth, condition, size-structure, survival and
recruitment are important indicators of the
well-being of fish populations. Measurement
of population-level characteristics is a corner-
stone of fishery management assessments. In
contrast, biological studies for environmental
assessment have focused more on community-
level characteristics, such as species richness,
evenness, diversity, proportions of functional
groups, and composite indices based on the
numbers or proportions of species or functional
groups. Population-level assessments are an
important partner with community-level ap-
proaches to fully characterize environmental
quality and status as it relates to the biota.

Growth of fishes is a simple concept on the
surface, but in practice it is a highly complex
phenomenon because of the indeterminate na-
ture and plasticity of growth throughout the life
cycle of fishes. We used several approaches in
this report to quantify, describe and compare
growth in an attempt to satisfy a range of po-
tential future uses for growth information.

Condition is commonly used in fish popu-
lation assessment. Condition refers to the
weight of a fish for its length, and thus is a
measure of “plumpness”. Condition reflects
various characteristics of fish, such as feeding
history, reproductive state and health, as well
as characteristics of the environment, such as
water quality, habitat quality and food avail-
ability.

Size structure, particularly the proportional
stock density (PSD) and relative stock density
(RSD) indices, are also widely used in fish
population assessment. PSD and RSD refer to
proportions of the population of stock-length
or greater fish that are also longer than quality
length (PSD) or one of the larger length cate-
gories (RSD). Size structure reflects the
growth and survival rates of unexploited popu-
lations; faster growth and greater survival both

result in higher PSD and RSD values.
Recreational and commercial harvest
generally lowers size structure index
values, since harvest usually targets the
largest individuals. Differential mortal-
ity among size classes, for example
size-selective predation mortality, can
have variable effects on size structure
values.

Survival and recruitment are related
processes that are central to fish popu-
lation dynamics studies. Survival is
typically expressed as the proportion of
individuals surviving for a specified pe-
riod of time, usually a year. Survival
may reflect natural environmental fac-
tors such as predation, resource avail-
ability, water quality and habitat qual-
ity, as well as recreational and commer-
cial exploitation. Recruitment is the
process by which new cohorts enter the
population, and thus is a reflection of
reproduction by the adult population
and survival of the cohort. Year-to-
year variability is a hallmark of many
fish populations, and the magnitude of
this variation is another potential re-
sponse to environmental factors. One
of the ways of expressing recruitment
variation is the presence of missing
year classes in a sample of the popula-
tion.

This study is part of a comprehen-
sive investigation of population struc-
ture and habitat use of benthic fishes
along the Missouri and lower Yellow-
stone Rivers. The goal of this study
was to assess population-level charac-
teristics of fifteen fish species in the
Missouri and lower Yellowstone rivers,
and explore spatial patterns of these
characteristics in relation to natural en-
vironmental gradients, flow regimes,
and human alteration. Our specific ob-
jectives were to: (1) quantify growth,
condition, size structure, survival and
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recruitment deficiencies among fifteen river
segments, (2) analyze sources of variation in
population-level characteristics, and (3) de-
scribe relationships with natural environmental
gradients (e.g., distance from river mouth, tem-
perature), flow regimes, and human alteration
(e.g., reservoir influence, channelization).

The Missouri River flows 3,768 km from
its origin at the confluence of the Gallatin,
Madison and Jefferson rivers near Three Forks,
Montana, generally east and south to its termi-
nus with the Mississippi River just upstream
from St. Louis, Missouri. It is the longest river
in the conterminous United States with a catch-
ment encompassing about 1,327,000 km?, or
about one-sixth of the conterminous United
States.

The Missouri River is divided into three
approximately equal length zones. The upper
1,241 km represents a “least-altered” zone rela-
tive to the remaining river. The 1,316-km-long
middle or “inter-reservoir” zone was im-
pounded between 1937 and 1963 by six large
mainstem reservoirs (total gross volume: 90.7
km?; total average annual discharge: 100.5 km’
yr'!). Flows in the 1,212 km long lower zone
are also regulated by upstream reservoirs, al-
though reductions in spring-summer high
flows are somewhat offset in lowermost
reaches by tributary input. In addition, chan-
nel-floodplain morphology in the lowermost
zone from Sioux City, lowa (km 1,178), to the
mouth was altered by channelization, bank sta-
bilization, and levee construction and encom-
passes the “channelized” zone.

To assess spatial variation in benthic fish
population characteristics, we used a hierarchi-
cal framework to divide the river into segments
and zones. Segments were contiguous
stretches of river, separated by geomorphic,
hydrologic and constructed features. Fifteen
segments were sampled in this study. Zones
were groups of segments similar in their degree
of human alteration. Three zones were recog-
nized in this study. The least-altered (LA)
zone consisted of segments in the upper Mis-

vi

souri River and the Yellowstone River
segment, characterized by relatively lit-
tle flow regulation and habitat modifi-
cation. The inter-reservoir (IR) zone
consisted of segments located between
or just downstream from the major
main-stem reservoirs in the middle por-
tion of the Missouri River, character-
ized by significant flow regulation and
varying degrees of thermal and turbid-
ity alteration. The channelized (CH)
zone consisted of segments in the lower
Missouri River, characterized by sig-
nificant flow regulation and alteration
of in-stream and floodplain habitat due
to channelization.

For analyses of condition, size
structure and mortality, we modified
the zone classification to include two
additional groups. The Yellowstone
River segment (YS) was separated from
the two Missouri River LA segments,
and the lowermost IR segment (LC)
was separated from the other IR seg-
ments. The five areas resulting from
this classification are hereafter referred
to as “groups”.

To assess variation in benthic fish
population characteristics due to differ-
ences in flow regime, we divided the
river into six hydrological units. Hy-
drological units were groups of seg-
ments exhibiting similar flow regimes
as determined by an analysis of mean
daily flow data from U.S. Geological
Survey gauging stations. The upper un-
channelized (UU) unit consisted of seg-
ments in the upper Missouri River,
characterized by high flows per unit
drainage area and relatively high flow
variability. The inter-reservoir 1 (IR-1)
unit consisted of the segments immedi-
ately downstream from Ft. Peck and
Sakakawea Reservoirs, characterized
by low flow variability and high flow
constancy. The inter-reservoir 2 (IR-2)
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unit consisted of the segment located roughly
midway between Ft. Peck and Sakakawea Res-
ervoirs; this unit is similar to IR-1 except for
much higher flow variability due to local tribu-
tary input. The unchannelized Yellowstone
(UYS) unit consisted of the single segment on
the Yellowstone River, characterized by high
flow variability and low flow constancy. The
channelized units in the lower Missouri River
had higher flow contingency than the other
units, but contrasted dramatically in their flow
variability. The upper channelized (UC) unit
consisted of the segments between Gavin’s
Point Dam and Kansas City, MO, character-
ized by low flow variability. In contrast the
lower channelized (LC) unit, consisting of the
segments between Kansas City, MO and the
mouth, was characterized by much higher flow
variability reflecting input from several large
tributary rivers.

Fish were collected from each river seg-
ment using a standardized protocol designed to
capture both small and large-bodied fish in all
available macrohabitats. Five sampling gear
types were used: bag seines, benthic trawls,
boat electrofishers, stationary gill nets and
drifted trammel nets. All collected fish were
identified to species and enumerated. Addi-
tional information was obtained from 15 target
species, including blue sucker Cycleptus elon-
gates, brassy minnow Hybognathus hankin-
soni, channel catfish Ictalurus punctatus, emer-
ald shiner Notropis atherinoides, flathead cat-
fish Pylodictis olivaris, flathead chub Platygo-
bio gracilis, freshwater drum Aplodinotus
grunniens, plains minnow Hybognathus placi-
tus, river carpsucker Carpiodes carpio, sand
shiner Notropis stramineus, sauger Sander ca-
nadense, shovelnose sturgeon Scaphirhynchus
platorhynchus, sicklefin chub Macrhybopsis
meeki, smallmouth buffalo Ictiobus bubalus,
and western silvery minnow Hybognathus ar-
Qyritis.

For ageing and back-calculation, scales,
otoliths, pectoral spines or pectoral fin rays
were removed from captured specimens, de-

vil

pending on species. Scales were used
for blue sucker, brassy minnow, emer-
ald shiner, flathead chub, plains min-
now, river carpsucker, sand shiner,
sicklefin chub, smallmouth buffalo and
western silvery minnow. Otoliths were
used for freshwater drum and sauger.
Pectoral spines were used for channel
and flathead catfish, and pectoral fin
rays were used for shovelnose sturgeon.
Radii and inter-annular distances on
ageing structure preparations were
measured using a dissecting micro-
scope and a computerized video image
analysis system. Two methods were
used for back-calculating lengths at
previous ages. For scales, we used the
Fraser-Lee technique. For other ageing
structures we used the Dahl-Lea
method.

Using back-calculated lengths-at-
age from individual fish we tabulated
mean length-at-age for each species by
segments, hydrological units and zones.
We tested spatial (segment, hydrologi-
cal unit and zone) and year effects on
length at age-1 with ANOVA, and ex-
pressed the percentage of variance due
to main effects and interactions in each
test with variance components. We
used two approaches to test for differ-
ences in length-at-age among specific
spatial units when the main effect was
significant. We used six planned con-
trasts to test for differences among
groups of segments. One contrast
tested for differences between the Mis-
souri River LA segments and the lower
Yellowstone River LA segment (3, 5
vs. 9). A contrast tested for differences
between the Missouri River LA seg-
ments upstream from Ft. Peck Lake and
the IR segments immediately below Ft.
Peck Lake (3, 5 vs. 7, 8). A contrast
tested for differences between the IR
segments immediately below Ft. Peck
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Lake and the lower Yellowstone River LA seg-
ment (7, 8 vs. 9). A contrast tested for differ-
ences between the IR segments above Lewis
and Clark Lake and the IR segment below
Gavins Point Dam (7, 8, 10, 12, 14 vs. 15). A
contrast tested for differences between the IR
segment below Gavins Point Dam and the CH
segments (15 vs. 17, 19, 22, 23, 25, 27). Fi-
nally, a contrast tested for differences between
the CH segments upstream of Kansas City,
MO and the CH segments downstream of Kan-
sas City (17, 19, 22 vs. 23, 25, 27). For pair-
wise comparison among segments, hydrologi-
cal units and zones we used Tukey’s tests.

To test for growth differences occurring
throughout life, we used Weisberg’s age-
specific ANOVA method for testing spatial
(segment, hydrological unit and zone), age and
year effects on annual growth, as represented
by annual growth increments on ageing struc-
tures. Percentages of variance due to main ef-
fects and interactions were determined using
variance components analysis. The scope of
these tests encompassed growth during the en-
tire life history, “factoring out” the relatively
large effect of fish age and enabling examina-
tions of the more subtle effects of location and
year.

We fit von Bertalanffy growth functions
(VBGF) to describe increases in length-at-age
for eight of the fifteen species by segment, hy-
drological unit and zone. The purpose of the
VBGFs was to illustrate changes in length-at-
age and to provide readers with VBGF parame-
ter estimates, not to test for differences be-
tween spatial units.

We used locally weighted scatterplot
smoothing (LOWESS) regression to model the
size-specific growth responses for twelve of
the fifteen species by segment, hydrological
unit and zone. We used LOWESS regressions
to estimate annual growth rate of each species
at their length at maturity.

We used relative weight to index condition
of common carp, channel catfish, flathead cat-
fish, freshwater drum, river carpsucker, sauger,

11X

and shovelnose sturgeon. We calcu-
lated mean W, by length category (S-Q,
stock to quality; Q-P, quality to pre-
ferred; P-M, preferred to memorable;
M-T, memorable to trophy).

Size structure was quantified using
proportional stock density (PSD), rela-
tive stock density of preferred-length
fish (RSD-P), and relative stock density
of memorable-length fish (RSD-M) for
common carp, channel catfish, flathead
catfish, freshwater drum, river carp-
sucker, sauger, and shovelnose stur-
geon

Total annual survival (1-A; e*) and
theoretical maximum age were derived
from catch curves (Ricker 1975) and
calculated for channel catfish, flathead
catfish, freshwater drum, river carp-
sucker, sauger, and shovelnose stur-
geon.

Number of missing year classes in
an age-structure sample was used to in-
dex year-class failure. Missing year
classes were enumerated for a standard-
ized age group by species (i.e., channel
catfish, ages 1-5; freshwater drum, ages
0-5; river carpsucker, ages 1-5; sauger,
ages 1-5; shovelnose sturgeon, ages 5-
10).

The Serial Discontinuity Concept
was used to express the effects of dams
on growth, condition, survival, and
number of missing year classes in inter-
reservoir segments.

Canonical discriminant function
analysis was used to illustrate the dif-
ferences between population metrics
and zones.

Our growth results showed complex
mix of responses, varying among spe-
cies, among sizes within species, and to
a lesser extent in time. Year effects
were statistically significant in many of
our growth analyses, but in some cases
these effects interacted with spatial
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groupings (segments, hydrological units or
zones) and were difficult to interpret. How-
ever, length at age 1 varied significantly with
years and consistently across one or more spa-
tial groupings in emerald shiner, flathead cat-
fish, freshwater drum, plains minnow, shovel-
nose sturgeon, sicklefin chub and western sil-
very minnow. First year growth appeared to be
faster in older individuals than in fish collected
at younger ages in two of the three long-lived
species in this group, freshwater drum and
shovelnose sturgeon. This pattern matches the
well-known Lee’s phenomenon, and thus
should be interpreted cautiously because of the
possibility that the pattern is a sampling or
methodological artifact rather than a true repre-
sentation of a temporal growth trend. First
year growth was fastest in 1993 and slowest in
1996 in the other long-lived species, flathead
catfish. There was no consistency in which
years had the fastest and slowest first year
growth among the short-lived species, emerald
shiner, plains minnow, sicklefin chub and
western silvery minnow. Only plains minnow
had a significant year effect in our age-specific
analyses of annual growth increments. Both
analyses of plains minnow showed the same
temporal pattern, fastest growth in 1996 and
slowest in 1995. In summary, we found sig-
nificant yearly growth variation in some spe-
cies, but no consistent pattern was seen among
species. Furthermore, growth of several spe-
cies appeared not to vary significantly among
years.

Location effects were statistically signifi-
cant in several of our growth analyses, reflect-
ing a variety of environmental influences.
First year growth varied significantly among
segments in freshwater drum, river carpsucker,
sauger and smallmouth buffalo, and whereas
growth declined with increasing distance from
the mouth of the Missouri River in the first
three species, it increased in smallmouth buf-
falo. Length at maturity varied significantly
among segments in channel catfish, freshwater
drum, river carpsucker, shovelnose sturgeon

X

and smallmouth buffalo. Length de-
clined with distance from the mouth in
channel catfish, freshwater drum and
shovelnose sturgeon, increased in
smallmouth buffalo, and was not sig-
nificantly related to distance from the
mouth in river carpsucker.

Growth of several species showed
relationships with temperature. First
year growth of blue sucker, freshwater
drum and sauger was positively corre-
lated with temperature, but first year
growth of smallmouth buffalo was
negatively correlated with temperature.
Growth rate at length of maturity of
channel catfish, freshwater drum and
sauger was positively correlated with
temperature. Length at maturity of
channel catfish, freshwater drum and
shovelnose sturgeon was positively cor-
related with temperature.

Significant zone effects in blue
sucker, channel catfish, freshwater
drum, sauger and shovelnose sturgeon
all reflect the following rank order in
growth among zones: LA<IR<CH. Be-
cause this rank order corresponds to the
latitudinal gradient and associated cor-
relates, it is difficult to separate the po-
tential effects of human alteration from
natural environmental differences

Condition varied longitudinally, but
patterns differed among species. For
example, condition declined for shovel-
nose sturgeon and increased for sauger
from upstream to downstream. Sauger
was the only species that had an in-
creasing trend in condition for all
length categories from upstream to
downstream. Longitudinal trends in
condition varied among length catego-
ries for some species. Thus, factors in-
fluencing condition were not similar for
length categories within a species.

Most species had highest condition
values in the least-altered zone. Only
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P-M common carp and sauger had higher con-
dition values in the channelized zone. Longitu-
dinal variation is also exhibited in prey fish;
for example, gizzard shad Dorosoma cepe-
dianum, a common prey item for sauger, is ab-
sent above Lake Oahe. The effects of reser-
voirs on condition were apparent in segments
directly below reservoirs. Condition of shovel-
nose sturgeon was low below Ft. Peck Lake,
Lake Sakakawea, and Lewis and Clark Lake.
Interestingly, segment 10 below Ft. Peck Lake
had higher condition values than predicted.
Segment 10 is directly below the Yellowstone
River and it is likely that the Yellowstone
River is ameliorating the effects of Ft. Peck
Lake on condition. Similarly, the Niobrara
River enters at the bottom of segment 14,
which had higher than predicted condition val-
ues for shovelnose sturgeon, and is ameliorat-
ing the disturbance from reservoirs.

Condition of saugers was influenced by
reservoirs in all inter-reservoir segments.
Tributaries did not appear to ameliorate the ef-
fects of reservoirs on sauger condition, and
condition of sauger was atypically low in the
least-altered zone

Condition appeared to be near or above 90
for all species except shovelnose sturgeon and
sauger. Thus, channelization does not appear
to have a profound detrimental effect on condi-
tion of common carp, river carpsucker, fresh-
water drum, channel catfish, or flathead cat-
fish. Conversely, condition values of shovel-
nose sturgeon were below 90 in the channel-
ized segments, except for segment 27 near the
confluence with the Mississippi River. Impor-
tantly, shovelnose sturgeon is the only obligate
main channel species we studied. Common
carp, river carpsucker, freshwater drum, chan-
nel catfish, and flathead catfish are more gen-
eralist with respect to habitat use and are found
in tributary mouths and secondary channels.
Thus, low condition values observed in shovel-
nose sturgeon in channelized segments may be
a function of changes in channel morphology
caused by channelization. Low velocity habi-

tat in main channel areas has been sub-
stantially reduced by strategic place-
ment of dikes and revetments in the
Missouri River below Sioux City,
Iowa. Therefore, shovelnose sturgeon
subjected to high velocities in the chan-
nelized portion of the river likely have
increased metabolic costs for maintain-
ing position and moving relative to fish
in low-velocity areas.

Our a priori prediction was that
condition would increase from up-
stream to downstream based on longitu-
dinal increases in productivity and
growing season, but would be nega-
tively influenced by reservoirs. How-
ever, sauger was the only species that
followed our prediction and this is
likely a function of increased food
availability (gizzard shad abundance),
reduced competition with other percids,
and an earlier switch to piscivory in
lower segments of the Missouri River.
High condition of fishes in the upper
segments of the Missouri River could
be a function of longevity and subse-
quent accumulation of energy reserves.
If the mechanism influencing the varia-
tion in condition was only water tem-
perature then we would predict shovel-
nose sturgeon to have high condition
values below reservoirs with hypolim-
netic release, but the opposite occurred.

Observed patterns in size structure
were similar to condition; for example,
size structure (especially RSD-P and
RSD-M) values tended to be higher in
upstream segments. Conversely, sau-
ger and channel catfish had higher size
structure values in the lower Missouri
River. However, the longitudinal pat-
tern in size structure was not as clear as
for other population metrics (i.e., con-
dition, survival, and recruitment), and
many of the zone, group, and hydro-
logical unit comparisons did not differ
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significantly because of sample size limitations
and high variability. The effect of reservoirs
on size structure was most pronounced above
and below Ft. Peck Lake for river carpsucker,
sauger, and shovelnose sturgeon.

Survival estimates clearly followed a longi-
tudinal pattern from upstream to downstream
for freshwater drum, sauger, and shovelnose
sturgeon. However, sauger did not have an op-
posite pattern in survival relative to the other
species as was observed in condition and size
structure. Thus, the mechanism influencing
survival of sauger differed from condition and
size structure. There were no consistent pat-
terns in survival estimates regarding the influ-
ence of reservoirs on riverine segments. Popu-
lation survival estimates may be insensitive to
changes to river morphology caused by dams.
All species had declines in survival estimates
in segments 22 and 23. These segments were
near St. Joseph and Kansas City, Missouri. It
is likely that anthropogenic factors associated
with high-density urban areas influenced sur-
vival of the benthic species we studied.

Number of missing year classes (i.e., year-
class failure) varied longitudinally. Similar to
the data for condition and size structure, sauger
exhibited an opposite pattern relative to chan-
nel catfish, freshwater drum, river carpsucker,
and shovelnose sturgeon. That is, sauger had
the highest number of missing year classes in
the lower segments of the Missouri River.
Similar to the other metrics, the large-scale
longitudinal patterns in year-class failure are
likely a function of water temperature. The
“warmwater” species (i.e., channel catfish,
freshwater drum, river carpsucker, and shovel-
nose sturgeon) had more year-class failures in
the upper segments of the Missouri River; con-
versely, the “coolwater” species (i.e., sauger)
had more year-class failures in the lower seg-
ments. Idiosyncrasies in the longitudinal pat-
tern of year-class failure were related to reser-
voirs. For example, segment 12 (below Lake
Sakakawea) had the highest deviations from
the predicated number of missing year classes
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for channel catfish, river carpsucker,
and sauger; and segment 14 (below
Lake Francis Case) had the highest
number of missing year classes for
shovelnose sturgeon.

Correlation analyses and scatter-
plots of all variables by species identi-
fied several patterns in the relationships
among growth, condition, size struc-
ture, survival and recruitment. Only
25% of the significant relationships be-
tween growth variables and condition
variables were positive. All of the sig-
nificant relationships between growth
variables and size structure variables
were positive. None of the significant
relationships of growth variables with
survival were positive. Because of the
observational nature of this study and
the fact that there were several non-
significant relationships not accounted
for in these percentages, their general-
ity is uncertain.

Population metrics pooled for the
benthic fishes moderately discriminated
among the least-altered, inter-reservoir,
and channelized zones. Relative
weight, size structure indices, survival,
number of missing year classes, mean
back-calculated length at age 1, and
mean back-calculated length at age of
maturity were useful in discriminating
among zones when individual species
were examined. We were able to dis-
criminate among zones for freshwater
drum, river carpsucker, and shovelnose
sturgeon. The ordination of zones us-
ing population metric data illustrates
the unique population characteristics
among species along the Missouri
River. We surmise that longitudinal
variation was evident prior to construc-
tion of dams and channelization, and
population metrics varied along a con-
tinuum rather than exhibiting discrete
zonation. However, population charac-
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teristics now exhibit zonation because of
reservoirs fragmenting populations and
changing the physical characteristics of the
Missouri River.

We found that anthropogenic modifica-
tions to the river (i.e., dams) can alter
population metrics independently of latitu-
dinal effects. The effects of reservoirs on
population metrics were clear for many
species; however, major tributaries (i.e.,
Yellowstone River, Niobrara River) ame-
liorated the effects of reservoirs on popula-
tion metrics for the species that could use
those tributaries during their life cycle.
Many of the population metrics in Segment
12 were unfavorable relative to other seg-
ments. Segment 12 is the most isolated
segment in the Missouri River; that is,
there are no tributaries that enter the seg-
ment at the scale of the Yellowstone, Nio-
brara, Platte, or Kansas rivers. Despite that
segment 15 is the only unchannelized area
of the lower Missouri River, condition and
recruitment of shovelnose sturgeon were
lower than expected. The patterns ob-
served in the population metrics below seg-
ment 15 may be related to the cumulative
effects of reservoirs on river function.

The goal of this study was to assess
population-level characteristics of fifteen
fish species in the Missouri and lower Yel-
lowstone rivers, and explore spatial pat-
terns of these characteristics in relation to
natural environmental gradients, flow re-
gimes, and human alteration. This study is
the largest of it’s kind ever attempted, both
in spatial scale and breadth of species in-
cluded. We accomplished our objectives
and provided a wealth of data to dissect the
myriad patterns and relationships exhibited
by a diverse fish assemblage exposed to a
highly complex mix of environmental fac-
tors, both natural and anthropogenic. Un-
derstanding these patterns and relationships
in large rivers is critical for management
and restoration.

Previous research suggests that the
population status of fishes at risk within the
Missouri River varies geographically. The
healthiest populations of most species oc-
cur in the upper, least-altered Missouri
River and its major tributaries. The section
of greatest population decline is the middle
and lower Missouri River in areas of de-
graded channels downstream from main-
stem reservoirs. Although we conclude
that the fish population metrics we meas-
ured were not profoundly affected in the
lower channelized area, they may not be
the best measures of the impacts of chan-
nelization. Tributaries in the lower Mis-
souri River may provide refugia for fish
populations, partially offsetting the nega-
tive effects of a degraded main channel.
Relative abundance and diversity of obli-
gate main channel species are apparently
more sensitive indicators of negative im-
pacts of channelization and impoundment
than the populations characteristics we
measured are. We surmise that fish popu-
lations below reservoirs are the most nega-
tively affected, especially those areas with-
out large tributaries. Tributaries are critical
to maintaining healthy fish populations in
the Missouri River. Additional degradation
of tributaries such as the Yellowstone,
Platte and Kansas rivers could further jeop-
ardize fish populations in the Missouri
River ecosystem.

xii
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