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EXECUTIVE SUMMARY
The pallid sturgeon (Scaphirhynchus albus) was listed under the Endangered Species Act
as endangered in 1990. The US Fish and Wildlife Service (USFWS) prepared a Recovery
Plan (USFWS 1993) citing protection and restoration of the diversity of riverine habitats as
a highest-level priority for recovery, yet to date (2009) little habitat conservation has been
accomplished within the Upper Missouri River Basin1 (UMRB). While the USFWS
Biological Opinion (2000 and 2003) provide directives to the U.S. Army Corps of
Engineers (USACE) for some habitat programs, the absence of a comprehensive habitat
conservation plan is as a key factor limiting funding and implementation of habitat
components of recovery.
Even with dramatic gains in our understanding of pallid sturgeon life history and habitat
requirements in recent years, significant data gaps remain. Yet despite these gaps,
sufficient understanding exists to implement an adaptive habitat conservation plan and to
move forward with a suite of specific habitat actions. Furthermore, knowledge gaps may be
substantially diminished through monitoring pallid sturgeon response to habitat
management actions.
This report, commissioned by the Western Area Power Administration (WAPA) and the
Upper Missouri River Basin Pallid Sturgeon Workgroup, presents recommendations for a
Planning Framework, Strategies to mitigate habitat constraints, and Research and
monitoring to address knowledge gaps. The recurring themes through all the
recommendations are that: 1. Restoring the processes that create and sustain habitat will be
essential and the most effective means to restoring habitat; 2. We have sufficient
knowledge to guide a habitat planning process, and further understanding can best be
derived from measuring response to conservation actions; and 3. Pallid sturgeon are a
wide-ranging species whose habitat requirements are representative and emblematic of a
functioning Missouri River ecosystem.
1. Planning Framework recommendations include:
1. Hierarchical geographic planning framework. Establish a hierarchical watershed
planning areas that include: a broad management area that integrates fragmented
populations, recovery areas that address the entire range of individuals within a
population, and planning areas that focus on ecological and physical processes
influencing habitat, including tributaries.
2. Conservation Action Plan (CAP). CAP is an established planning process
framework and an effective means for identifying defensible conservation priorities
and strategies (TNC 2007).
3. Geographic Information System (GIS). Specific recommendations for a GIS
framework are provided to facilitate data analysis and planning decision support.
2. Strategies to mitigate habitat constraints recommended in this report are based largely on
1

The Upper Missouri River Basin encompasses the Missouri River from its origin at Three Forks, MT to
Gavins Point Dam at Yankton, SD, includes the three uppermost Recovery Priority Management Areas
designated by USFWS that include the mainstem dams, and is the general province of concern for the
UMRB Pallid Sturgeon Working Group.
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consensus of experts interviewed and supported by scientific literature. While dam removal
(one, few, or all mainstem dams) is presented as an alternative that should be evaluated and
the most certain means to achieve recovery goals, recommended strategies do not assume
dam removal. Specific actions or programs recommended relate to three generalized
strategies:
1. Restore natural recruitment. Implement actions that address altered spawning cue
factors, lack of accessible spawning habitat, and limited larval drift.
2. Restore normative flow regime and sediment continuity. A comprehensive flow
management plan for mainstem and tributary dams should include consideration of
sediment continuity, turbidity, temperature, water quality, and flows necessary to
drive geomorphic processes that create and maintain habitat.
3. Ecosystem processes emphasis. An ecosystem perspective considers the full suite of
ecological processes that support pallid sturgeon and address sources of stress.
3. “No regrets” actions and programs are projects that should be implemented even in the
absence of or in advance of a comprehensive habitat conservation plan and which have
already received some degree of support among biologists and managers.
4. Research emphases are suggested to foster habitat conservation and planning:
1. Emphasize evaluation of response to habitat conservation actions. Monitoring of
pallid sturgeon response to conservation actions will likely yield significant
advances in reducing uncertainty and knowledge gaps and supplement future
research and will be an essential element of adaptive management approach to
habitat conservation.
2. Expand scale of research to ecosystem relevance. Significant knowledge gaps
remain with respect to population dynamics, ecosystem-scale ecological attributes,
and the cumulative effects of systemic impacts on physical processes and energy
regimes. Specific knowledge gaps relevant to the ecosystem scale perspective are
listed.
3. Habitat classification. Development of a habitat classification scheme at a scale
that enables monitoring of biological response to habitat recovery actions will
facilitate effective habitat planning and related research and monitoring.
4. Adaptive management. Research under an adaptive management approach focuses
on measurement of response to changes in management, namely changes in
environmental conditions. These recommendations advocate multivariate analysis
of response to varied and simultaneous management actions.
The recommendations outlined in this report synthesize an expert input process. They are
derived from interviews with researchers, managers, and other biologists with deep
knowledge and history of pallid sturgeon recovery efforts within the UMRB and
supplemented with literature review. Not all literature is in agreement; nor were all persons
interviewed. However, most recommendations are based on strong consensus. They serve
as a starting point, not an end point, for habitat conservation planning across the UMRB.
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1

INTRODUCTION

The pallid sturgeon (Scaphirhynchus albus) was listed as an endangered species in 1990.
The destruction and alteration of habitat by human modification of the river system is
believed to be the primary cause of decline in reproduction, growth, and survival of the
pallid sturgeon, leading to their listing as an endangered species under the Endangered
Species Act (USFWS 1993).
The Pallid sturgeon Recovery Plan (USFWS 1993) stipulated a short-term objective of
preventing extinction through population augmentation, and a long-term objective of
downlisting and delisting through protection, habitat restoration, and propagation activities.
The Recovery Plan (1993) explicitly states restoration of the diversity of riverine habitats
as a highest-level priority. 14 of the 43 Priority 1 level tasks within the Recovery Plan
address habitat loss or degradation (USFWS 1993). Despite that habitat loss and
degradation have been described as the dominant cause of species decline, the significant
majority of recovery efforts to date have focused on the short-term objectives of population
augmentation and information gathering.
A Biological Opinion (BiOp) issued by the U.S. Fish and Wildlife Service (USFWS) in
2000, and amended in 2003, addresses the regulation of flows and associated altered water
temperature by the Corps system of dams and reservoirs as a key factor limiting recovery.
The BiOp acknowledges the importance of adopting an ecosystem perspective to
restoration and conservation measures aimed at pallid sturgeon recovery and the
importance of restoring the functions of natural seasonal variations in river flow in order to
create and maintain habitat essential for recovery. While the COE had not historically been
compelled to consider fish and wildlife resources in the face of other congressionally
authorized project purposes of the system of reservoirs (e.g., navigation, flood control, and
recreation), the Corps has now adopted the position that fish and wildlife resources are coequal with all other authorized project purposes (USFWS 2000).
To date, however, little has been done to restore lost habitat or the natural flow regime
necessary to create and maintain habitat, and no habitat restoration plan has been
established within the UMRB to guide habitat restoration actions. Recovery will require a
coordinated effort to restore variable physical habitat and the processes that sustains it for
all life stages of pallid sturgeon. Restoration will be best accomplished through an
adaptively managed habitat restoration plan, which clearly identifies short-term and longterm restoration actions.
In an effort to bring habitat elements of recovery to the forefront and initiate conservation
planning and actions, the Upper Basin Pallid sturgeon Workgroup has commissioned this
report to establish the foundation for habitat conservation planning, including and
emphasizing those elements of conservation related to restoration of habitat and habitatforming processes.
Habitat, as defined for the context of this report, encompasses those parts of the river
system where a fish or fish population find suitable environmental conditions and features
to survive and reproduce (Orth and White 1999). Physical habitat includes the macro- and
microhabitat characteristics of the channel where pallid sturgeon reside, and is intricately
related to discharge in the channel. Because variations in discharge determine the extent,
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variability, character and quality of habitat through time, consideration of flow and
variation in flow is inseparable from consideration of habitat conservation. Further, in
unregulated systems, variation in hydrologic discharge and sediment discharge drive the
fundamental processes that create and maintain habitat and associated environmental
conditions. Ultimately efforts that address flow and sediment discharge as a primary
conservation strategy may be one of the most effective at attaining recovery objectives.
Other critical habitat elements of pallid sturgeon life history requirements or preferences,
such as water quality and including temperature and turbidity (Jacobson et al. 2004), are
not explicitly addressed in these habitat conservation recommendations, except where the
same processes that affect habitat also affect water quality. In such cases, this relation is
noted, but not detailed.
Physical habitat conservation (including restoration of habitat and habitat-forming
processes) is a critical element of pallid sturgeon recovery, and encompasses a suite of
elements and considerations discussed in this document. Other factors limiting pallid
sturgeon recovery are equally critical to recovery, but are not the focus of these
recommendations. In particular, water temperature and turbidity will require specific
strategies and actions to promote recovery. Because water temperature and turbidity are
typically considered characteristics of water quality and can theoretically be addressed
independently of physical habitat elements, they are not expressly addressed as part of
these recommendations. It should be acknowledged however, that water temperature in
particular is considered a major factor influencing every life stage of the pallid sturgeon,
and is also directly related to and affected by flow regulation. Ideally, strategies to address
water temperature and turbidity will be integrated with physical habitat conservation
strategies. In an effort to foster this integration, water quality elements including
temperature and turbidity are presented in this report where habitat constraints and
opportunities have a strong relation to water quality.
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2

THE STATE OF OUR KNOWLEDGE – PHYSICAL HABITAT REQUIREMENTS

From records of historic occurrences and distribution, we can presume that pallid sturgeon
generally prefer habitats associated with relatively warm and turbid waters of braided or
anastomosing mainstem river channels – all characteristics of the dynamic, free-flowing
prairie river systems of the historic Missouri River and the lower reaches of its major
tributaries. Physical habitat of the pallid sturgeon is a function of the river’s flow regime,
channel morphology, sediment transport regime, and channel substrate. Historic habitats
within the Missouri River system consisted of a temporally and spatially dynamic system
of braided channels, sand bars, islands and log jams, chutes and side-channels, and forested
floodplain habitat consisting of sloughs and backwaters. Seasonal variation in water levels
within these habitats and connectivity among these habitats provided a diversity of macroand microhabitats for pallid sturgeon and their prey. Annual flood flows served to connect
seasonal habitat and provided a mechanism for nutrient influx from riparian and floodplain
areas to the river, supporting the foundation of the food chain. And the shifting of the
channel and eroding of streambanks associated with seasonal high flows provided sediment
and wood recruitment that sustains the succession of channel bars and islands, providing
habitat for pallid sturgeon and prey species.
Microhabitat preferences, suggested in spatially and temporally disparate studies and on
varying age class fish, indicate a wide range in depth, velocity and turbidity preferences
that fall within the general parameters of the Missouri River’s characteristic native
condition of turbid, sand-bed, shifting channel macrohabitats. While historic habitat
character provides us with a general understanding of pallid sturgeon habitat requirements
and preferences, determining more specific details of pallid sturgeon habitat and
microhabitat preferences is complicated and limited by the following factors:
1. Little meaningful research was conducted on the pallid sturgeon prior to the
significant and systemic alteration of the river system. Most of our knowledge of
specific habitat preferences is derived from studies conducted in highly altered,
fragmented, and regulated river conditions or from laboratory conditions.
2. Shovelnose sturgeon (Scaphirhynchus platorynchus) research has been used as a
surrogate for pallid sturgeon in establishing life history requirements. Shovelnose
sturgeon are sympatric (geographically co-occurring), closely related genetically,
and actively hybridizing with pallid sturgeon in some areas. However, shovelnose
sturgeon are a poor surrogate for determining pallid sturgeon habitat requirements
(Bramblett and White, 2001). As such, there are significant limitations to applying
shovelnose sturgeon research to pallid sturgeon habitat recovery strategies.
3. The population of native, non-hatchery fish studied is a critically small and
diminishing population affected by significant habitat constraints. Furthermore,
there has been no documented non-hatchery derived recruitment of pallid sturgeon
and very few observations spawning.
At the time of listing to the endangered species list, pallid sturgeon were a poorly
understood and poorly researched fish in the Missouri River system. Since then, a
substantial body of research has been conducted such that there now exists a creditable life
history model (Wildhaber et al. 2007) and considerable insight into factors limiting
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recovery. Periodic reviews of research needs and the state of our knowledge have been
conducted (Bergman et al. 2008; USFWS 2007). Research continues on a number of fronts
providing continually evolving perspective on habitat elements of recovery. A
comprehensive literature review is not an intent of this document. Rather, the following
summary of the state of our knowledge is provided as background and justification for
habitat conservation recommendations. Except where specifically cited, the statements that
follow regarding the state of our knowledge are generally referenced in USFWS 5-Year
Review (2007) or draft Recovery Plan (USFWS 2009).
The following sections – Distribution, Reproduction, and Growth and Refuge - summarize
what we know about pallid sturgeon physical habitat requirements:
2.1

DISTRIBUTION OF PALLID STURGEON

Pallid sturgeon are a wide-ranging species, where individuals may roam considerable
distances through the mainstem Missouri River and into its tributaries. Historically, pallid
sturgeon inhabited the mainstem Mississippi River, Missouri River, Yellowstone River,
and lower reaches of other major tributaries. Varying sources define different upstream
extents of the historic range on both the Missouri and Yellowstone Rivers, with little
specificity about presence or use of tributaries. However, there is some degree of consensus
that within the UMRB, pallid sturgeon distribution extended upstream on the Missouri
River to the mouth of the Marias River in Montana and upstream on the Yellowstone River
to the mouth of the Tongue River, possibly as far upstream as the Bighorn River (Figure 1)
(Jaeger 2009, pers. comm.). Since listing in 1990, pallid sturgeon have been observed and
captured through most of the extent of their historic range, except where local habitat
conditions are inhospitable, such as in reservoirs.
Observations of pallid sturgeon in lower reaches of some tributaries within the Upper Basin
and major tributaries lower in the river system suggest that tributaries may have played a
role in providing spawning habitat for some individuals if not for a significant portion of
spawning adults. Most tributaries connected to currently inhabited mainstem reaches are
substantially affected by dams, diversions, and related impacts to sediment and flow
conditions, any of which circumstances may be limiting current use of tributaries.
2.2

REPRODUCTION – SPAWNING CUES AND SPAWNING HABITAT

Size class structure of sampled of individuals indicates that no natural recruitment has
occurred in the UMRB since the species was listed as endangered. Habitat requirements for
reproductive elements of their life history are therefore of major concern and interest.
Following are summaries of our knowledge about pallid sturgeon spawning cues and
spawning habitat.
2.2.1

Spawning cues

Spawning cues are those environmental conditions that trigger physiological and
behavioral initiation of spawning behavior, including migration, congregating, and
deposition and fertilization of eggs. Spawning cues may include water temperature,
photoperiod, change in discharge, or a combination thereof. Many of the factors that affect
spawning cues also affect physical habitat, and because spawning cues trigger movement
among habitats, an understanding of these cues is critical to consideration of habitat
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conservation. What we know of spawning cues is derived from those conditions that
instigate physiological or behavioral response in laboratory settings and from relating
observed environmental conditions to movements and behavior of tracked fish that are
known or assumed to be of spawning age and gravid condition. Though we cannot say with
great certainty the specific combinations of spawning cues to which native pallid sturgeon
will respond under either existing altered conditions or future restored conditions, evidence
to date supports the following conclusions:
•

Temperature. Changes in water temperature historically associated with spring and
early summer runoff serve as cues for spawning behavior (USFWS 2000; Dettlaff
et al. 1993). Pallid sturgeon initiate spawning behavior when water temperatures
are between 15C and 19C, depending on geography and other environmental
factors (USFWS 2000). Data suggest that egg survival is highest at temperatures
between 12-20C, and lethal to eggs below 8C or above 26C (Bergman et al. 2008).
Temperature fluctuations and absolute temperature limits have been significantly
affected by impoundments on the mainstem Missouri. In particular, dams typically
release water from lower in the water column where temperatures are below the
range of temperatures that serve as cues.

•

Photoperiod. Photoperiod has been suggested as a spawning cue, though research
to date is inconclusive. Photoperiod may be correlated with temperature and
discharge.

•

Discharge. Discharge has been suggested as a key variable in establishing
spawning cues through correlation of spawning movement behavior with changes
in discharge (Bramblett, pers. comm. 2009; Braaten, pers. comm. 2009). However,
it is not clear whether it is specific flow conditions associated with a given range of
discharge, a rate of change in discharge that serves as a cue, or a more complex set
of fluctuations in discharge that trigger spawning behavior.

•

Synchronization or correlation of factors. Available data are insufficient to tease
out the relative importance of varying cues or to determine whether manipulation of
a single cue (e.g. temperature) will be sufficient to stimulate spawning behavior in
the absence of or out of sync with the other variables. While we may be able to
conclude with some confidence that temperature is a spawning cue based on
physiological response, we cannot say with confidence that temperature alone will
provide sufficient impetus for spawning behavior.

2.2.2

Spawning habitat

Spawning habitat preferences are those physical conditions that individuals seek to spawn
and may include substrate character, depth, velocity, turbidity, and affinity for specific
natal locations. Egg survival is dependent upon temperature, predation, and water quality
including oxygen, which are largely a function of habitat selection. Spawning activity is
initiated only under specific hydrologic and environmental condition cues, typically
coinciding with higher and warmer flows associated with late spring or early summer
snowmelt hydrographs. Spawning habitat requirements, therefore, cannot be considered
separately from hydrologic requirements for spawning. Successful pallid sturgeon
spawning has not been observed in the UMRB, therefore our confidence in knowledge of

Page 7 of 52

Pallid Sturgeon Habitat Conservation Plan Recommendations

specific habitat preferences for spawning is limited. However, evidence supports the
following conclusions:
•

Spawning substrate. Pallid sturgeon eggs are demersal (i.e., they sink) and adhesive
(Quist et al. 2004), leading to the conclusion that spawning occurs over, or
immediately upstream of hard substrates to which eggs can adhere such as gravel,
cobble, or bedrock.

•

Turbidity. Pallid sturgeon may show a general preference for turbid water, but the
extent to which it affects preferential selection of spawning habitat is not known.

•

Natal waters. There are not sufficient data to indicate whether pallid sturgeon
prefer natal waters for spawning. Because most potential spawning adults will be of
hatchery origin, imprinting research may necessary to improve understanding of the
significance of natal waters.

•

Microhabitat preferences. Eggs incubate while adhered to rock substrate (Breder
and Rosen 1966). Microhabitat preferences are likely related to depth and velocity
conditions that provide sufficient oxygen and prohibit accumulation of fine
sediment that may smother eggs.

•

Spawning locations. Observations of spawning behavior have been documented in
only one location within the UMRB – approximately 12 km upstream on the
Yellowstone River from the Missouri confluence (Figure 2) (Fuller et al. 2007).
Presumed potential spawning locations include the mouth of the Marias River, near
the mouth of the Milk River, downstream of Fort Peck, and near the mouth of the
Tongue River and Bighorn Rivers on the Yellowstone (Fuller, pers. comm. 2009;
Ruggles, pers. comm. 2009).

2.3

GROWTH AND REFUGE

Growth and survival elements of pallid sturgeon life history are the dominant factors
affecting recovery and population dynamics for larval through adult life stages. To foster
growth and survival through habitat planning, an understanding of life history requirements
and related food production and forage and refuge habitat requirements and preferences is
necessary. This section focuses on habitat requirements for four life stages: larval drift,
larval habitat, juvenile habitat, and adult habitat.
2.3.1

Larval drift

Recently hatched larvae drift downstream in the water column until they are capable of
self-locomotion. Drifting of early-stage larvae is a known but largely unobserved
phenomenon. Survival through larval stages is dependent upon specific water conditions,
food availability, and predation. Research efforts testing hypotheses about the larval drift
life stage have been conducted entirely within significantly altered river systems or within
lab environments. With these research constraints in mind, evidence to date supports the
following conclusions:
•

Drift time and distance. Once hatched, pallid sturgeon larvae drift downstream with
the current for 11-17 days (Kynard et al. 2002; Braaten, pers. comm.) and up to 530
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km (Braaten et al. 2008). Drift distance is dependent upon flow velocity, which
varies spatially as a function of channel form and complexity, and temporally as a
function of discharge. Because spawning historically coincided with spring runoff,
drift probably occurred when flows were sufficient historically to inundate low
velocity habitats such as side channels and floodplains. Effective drift distances
may now be greater than historic conditions due to loss of channel complexity (side
channels, snags) that otherwise reduces average velocity. Throughout the Upper
Missouri River Basin, drift distance potential is limited by the presence of
reservoirs (Figure 3). We presume that larvae drifting into reservoirs do not survive
due to water conditions or increased predation rate enabled by clear water.
Entrainment of drifting larvae into irrigation diversions is also assumed to take its
toll on survival rates.
•

2.3.2

Water condition and quality. Early phase larvae survival is primarily a function of
specific temperature and oxygen conditions and nutrient availability and may be
influenced by turbidity and exposure to light, all of which are significantly affected
by impoundments in the mainstem Missouri River. Rearing of larvae in labs has
shown that survival and growth of non-locomotive larvae is most productive at
temperatures between 12-20C (Bergman et al. 2008). It is presumed that turbidity
greatly enhances survival by reducing predation. Similarly, turbidity may limit
exposure to harmful spectrum of light - it is likely that sensitivities to light radiation
would be greatest during larval stage.
Larval habitat and forage

The transition from larval to juvenile stage is one of the most critical life history transitions
because they are extremely susceptible to predation, environmental conditions, and
availability of forage of the proper size and nutritional value, which can permanently affect
growth and viability (Wildhaber et al. 2007). Substantial increases in larvae production will
be necessary to improve research catch rates sufficient to improve our understanding of
larval habitat requirements.
•

Habitat preference. As larvae become capable of self-locomotion, at approximately
11-17 days after hatching (Braaten, pers. comm.), they seek benthic microhabitat
conditions that presumably provide abundant appropriate food (invertebrates),
relatively benign environmental conditions, and sufficient turbidity or cover to
provide refuge from predation. There is speculation but little conclusive evidence to
date that shallow water habitat in hydrologically connected channel margins and
side-channels are important rearing environments for larval pallid sturgeon
(USFWS 2000 and 2003). Additionally, lab studies have shown that siltation of the
bed can reduce survival (USFWS 2000), and flow regulation may contribute to bed
siltation by reducing discharge and resulting hydraulic conditions necessary to keep
silt in suspension.

•

Forage. Pallid sturgeon larvae presumably feed on zooplankton (Wildhaber et al.
2007) and gradually transition to invertebrates. The relative abundance food
sources is directly related to primary productivity. Some studies have demonstrated
a relationship between flow management and reduced food production, as flow
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reductions have been shown to reduce littoral benthic organisms into the drift
(Modde and Schmulbach 1973). Additionally, a body of literature exists
substantiating the general reduction in primary productivity and food availability in
channelized, disconnected, or longitudinally fragmented systems (Wildhaber et al.
2007). However, while food production limitations may be a potentially important
constraint to growth and survival for larvae, the relative importance of factors
governing larval growth and survival are not understood.
2.3.3

Juvenile and adult habitat

Habitat requirements for juvenile and mature fish are predominantly related to maximizing
forage of preferred prey and energy conservation (Constant et al. 1997; Wanner er al.
2007). Habitat preferences evolve as forage preferences evolve from primary food sources
of benthic invertebrates for juvenile fish to pisciverous preferences of adult fish. Energy
conservation presumably dictates velocity preferences for all stages, while predator
avoidance is a factor primarily for juvenile pallid sturgeon. This section summarizes habitat
factors affecting juvenile and adult life stages.
•

Macrohabitat preference. Pallid sturgeon exhibit preference for sand-bed habitat
within dynamic sinuous, multi-thread channels that include diverse channel features
including bars and islands (Bramblett 1996; USFWS 2000; Wildhaber et al. 2007).
Turbidity characterizes all pallid sturgeon native habitat and research indicates that
pallid sturgeon avoid non-turbid water (Erickson 1992; USFWS 2000). Finding
seasonally suitable habitat is possible where the river consists of diverse and
dynamic features that provide spatial and temporal variation in velocity, depth,
substrate and nutrient supply, including main-channel islands, sandbars, sidechannels, snags, and backwaters. Confluences of significant tributaries also offer
considerable habitat heterogeneity and have been identified as key riverine habitat
conservation priorities generally (Kiffney et al. 2006).

•

Microhabitat preference. Pallid sturgeon select microhabitat conditions that provide
both energy conservation and access to food sources. Because younger pallid
sturgeon feed predominantly on invertebrates (Grohs et al. 2009), they show some
preference for coarser substrate (gravel) than adults (Bramblett and White 2001).
Generally, adult sturgeon prefer sand-bed substrate over low-slope bed features
(dune troughs), though often within close proximity to steep-slope areas that may
provide higher food abundance (Constant et al. 1997). Velocity preferences vary
considerably spatially and temporally, but generally sturgeon use velocities <1 m/s
and do not tolerate very low or no-velocity areas (Erickson 1992; Clancy 1990;
Bramblett 1996). Observations of habitat depth range from 1m to 20m and likely
are related to the available habitat within the river segment (USFWS 2000) and
determined by food availability and energy conservation considerations.

•

Movement and migration. Sturgeon in the Missouri River commonly make long
distance movements, presumably seeking specific habitat or river conditions at
different times of year and under different flow conditions. Observations of
movements of individual sturgeon range from home ranges of 30-75km in the
Yellowstone to up to 300km within the Missouri (USFWS 2000), with movements
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of up to 15 km/d (Bramblett and White 2001). Seasonal variation in movement is
presumably related to spawning, forage opportunity, and seasonal variation in water
conditions, and varies between spawning and non-spawning years (Fuller et al.
2007). Most temperate fishes are susceptible to over-wintering stress associated
with temperature and food resources, and presumably sturgeon move within their
range to accommodate this seasonal variation (Wildhaber et al. 2007).
Research on juvenile fish is conducted primarily through recapture of exclusively hatcheryorigin fish, as there is not currently any documented natural recruitment of juvenile age
fish. Research on adult fish is conducted primarily through tracking or recapture of few
remaining native adults. All research has been conducted in significantly altered habitat,
managed flow, and altered water character conditions, and significantly reduced and
limited overall habitat availability. Consequently all that we can conclude about habitat
requirements is derived from research in altered conditions and within areas that are
potentially smaller than minimum dynamic area necessary to provide for and sustain
natural recruitment.
Specific conditions necessary to sustain larvae, juvenile and adult pallid sturgeon are the
subject of recent and ongoing research. Conclusions from research focusing on larvae are
largely speculative, as to date there is no practical means to track individual larvae from
embryonic to juvenile stage and larvae populations are severely limited. Further, the
limited data pool of captured larvae has been collected from larvae in altered habitat under
managed flow conditions. Therefore, conclusions about larvae growth and specific habitat
needs in historic or native conditions are largely hypothetical, and may remain so well into
the future. A significant challenge for larval stage research will persist as long as natural
spawning and larval drift remains limited and until hatchery-origin fish begin to spawn a
measurable larvae population.
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3

SOURCES OF STRESS TO PALLID STURGEON HABITAT

The USFWS prepared a recovery plan in 1993, (updated in draft form in 2009), that lists
the following reasons for decline of the pallid sturgeon in the Upper Missouri River:
•

Loss of habitat, including fragmentation and disconnection, resulting primarily
from dams and impoundments

•

Habitat alteration including direct channel manipulation or management and impact
to processes that maintain habitat

•

Harvest

•

Water quality degradation

•

Entrainment into intakes and pumping facilities and other diversions

•

Disease

•

Predation and competition, particularly by non-native species

This represents a mix of stresses and sources of stress, where a “stress” is an ecological
alteration that impairs a key attribute of pallid sturgeon ecology, and a “source” is the agent
or factor driving that stress (TNC 2007). For habitat conservation planning, it is prudent
and often more constructive to identify strategies to address sources of stress as opposed to
addressing only the observed stress, or symptom. A conservation plan that focuses on the
ultimate causes of stress can set the foundation for enduring remedies.
Prior to any human manipulations of the channel or flow, the Missouri River provided the
habitat and forage requirements for the pallid sturgeon during all of its life stages,
including spawning, larval, juvenile, and adult. Evolution of the pallid sturgeon within the
Missouri River system resulted in adaptations to the seasonal and interannual variation in
flows, temperature, turbidity, and physical habitat conditions (USFWS 2000). These
adaptations, including the capacity to move throughout their range to seek specific habitat,
temperature, and turbidity conditions through the year, provided for sufficient recruitment
and population dynamics to sustain the species for millions of years, even through
landscape-altering geologic events and significant climatic changes.
For over a century, humans have modified the river and fundamentally changed the natural
processes of flooding and sediment transport that created and maintained the native
Missouri River ecosystem and all of its ecosystem functions. The processes that once
sustained dynamic and diverse habitat and provided for energy and nutrient recruitment and
flux through the system have been all but eliminated due to flow control, reservoir trapping
of sediment, and channelization (bank revetments and levees), coupled with changes in
channel bed elevations that have led to disconnected floodplain and seasonal habitat.
These modifications have resulted in both direct habitat losses, where human actions have
directly diminished available habitat (e.g. reservoir impoundments that drown habitat,
channelization that cuts off side channels, and dams that create barriers to suitable habitat
access), and indirect losses where human actions have affected processes fundamental to
creating and maintaining physical habitat or the suitability of physical habitat (e.g. flow
management that limits habitat forming flows, flood control that limits recruitment of
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terrestrial nutrients, and sediment retention that leads to channel bed degradation).
The following sections describe dominant sources of stress that affect pallid sturgeon
habitat.
3.1.1

Dams and reservoirs

Dams and reservoirs in the UMRB (Figure 4) fragment habitat, prohibit upstream passage
to potential spawning areas, limit downstream drift for larval life stages, and dramatically
constrain natural river processes that historically created and maintained habitat through
flooding and erosion and deposition of sediment. Direct habitat impacts associated with
dams and reservoirs have resulted in approximately half of the pallid sturgeon’s historic
range being modified to the extent that it is no longer suitable for all life stages (USFWS
2000). Virtually all of the remaining and physically suitable habitat is affected by changes
in water temperature, turbidity, and water quality, potentially leading to stress during some
or all life history stages and requirements.
The pallid sturgeon once had unconstrained access to and were able to move freely within
the entire Missouri River downstream of Great Falls, MT, as well as to its major tributaries.
Upstream and downstream movement for all life stages of pallid sturgeon is now
significantly limited throughout the UMRB due to diversions and dams and associated
reservoirs. There are now more than 75 dams in the UMRB and its tributaries (NRC 2002).
Passage in most cases is limited by structures that pose physical barriers to their upstream
movement, or which entrain and trap fish and preclude their safe return. Downstream
passage for all life stages is also limited by reservoirs and dam tailwaters, both of which
exhibit undesirable or lethal environmental conditions during part or all of the year for all
life stages of pallid sturgeon. Reservoirs may also serve as a barrier to access to tributaries
that historically were used by pallid sturgeon but which are now effectively disconnected
from the mainstem because they flow directly into reservoirs, which pallid sturgeon avoid
(Erickson 1992; USFWS 2000).
Dams and reservoirs are known to contribute to the following stresses to pallid sturgeon:
•

Loss of riverine habitat due to impoundment

•

Preclude access to spawning habitat

•

Preclude access to seasonally preferred habitats, such as winter refuge

•

Preclude larvae development to maturity by limiting potential downstream drift

•

Entrain, trap, and kill larvae, juveniles, and adult fish

•

Preclude natural genetic mixing and associated diversity and health

3.1.2

Flow management and sediment impoundment

The Upper Missouri River Basin encompasses an intricate system of water distribution and
control mechanisms that collectively affect the two ultimate drivers of river ecosystem
health, function, and habitat – flow regime and sediment regime. Beginning in headwaters
streams, small impoundments and diversions variously affect flow during all seasons; in
tributaries diversions reduce seasonal flow and sediment dynamics and in some instances
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are barriers to passage for pallid sturgeon; and tributary and mainstem dams and reservoirs
regulate flow and interrupt sediment delivery, thereby fundamentally changing the
geomorphic processes responsible for creation and maintenance of habitat throughout the
pallid sturgeon’s historic and current range.
There are six mainstem dams and reservoirs under coordinated management on the
Missouri River downstream of Great Falls, and more than 30 federally operated tributary
dams with associated impoundments on tributaries within the Upper Missouri River Basin
that affect flow and sediment regimes (Figure 4, only federally owned dams are shown
within tributaries). The total number of dams is far greater than what is shown and includes
privately owned/operated dams or those owned by local governments or associations.
While it is tempting to consider flow regulation and sediment regulation separately, from
the perspective of influence on channel processes and associated ecosystem, the two
variables cannot reasonably be isolated in consideration of impacts, as any change in one
necessarily effects a change in the other.
The control of hydrologic and sediment discharge by the UMRB system of dams and
reservoirs are known to contribute to the following stresses to pallid sturgeon or impacts to
their habitat:
•

Loss, degradation, and simplification of channel habitat due to flow and sediment
control

•

Disconnection of riparian, floodplain, side channel habitat and associated energy
and nutrient flux due to bed degradation (incision) and flow management (control
of seasonal floods)

•

Impact to water temperature that variously affects spawning cues, larval growth and
viability, primary and secondary productivity, and effective habitat availability

•

Loss of seasonal high flows that may serve as spawning cues

•

Reductions in turbidity which impacts habitat selection and availability and
predation avoidance and forage/predation success

3.1.3

Channelization

The large, multi-thread, turbid channels with shifting beds that pallid sturgeon are adapted
to are perceived to interfere with or inhibit many human interests, including navigation,
agriculture, private property protection, and flood protection. To address these
incompatibilities, whether real or merely perceived, humans have engaged in a variety of
actions to “channelize” the river. Channelization refers to any actions that inhibit channel
migration, that constrict the channel at any flow, or straighten the channel and includes
armoring of bed or banks, dredging, levees, and training of the channel. Channelization
within the UMRB has eliminated shallow water habitat and isolated the channel from its
seasonal floodplain habitat. While no comprehensive data on channelization features are
available to enable quantifying impacts, channelization itself is not as pervasive upstream
of Lake Sakakawea as it is downstream of Gavins Point Dam.
Channelization, including bank stabilization and levees, is known to contribute to the
following stresses to pallid sturgeon:
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•

Loss or disconnection from riparian, floodplain, or side channel habitat associated
with dynamic river channel

•

Simplification of habitat; decrease in channel habitat diversity

•

Decrease in recruitment of energy and nutrient contributions from side channel and
floodplain habitat, limiting primary productivity, as a result of bed degradation
(incision) and flow management (seasonal floods)

•

Loss of sediment recruitment through bank erosion necessary to sustain channel
form and associated habitat due to bank protection measures

3.1.4

Snag removal and loss of woody debris recruitment

The Missouri River historically was characterized by pervasive log jams and snags,
collectively referred to as woody debris. Woody debris has been systematically removed
from most of the channel within the channelized reaches and recruitment of new woody
debris to the channel is severely limited due to flow regulation, loss of riparian forests,
channel stabilization, and impoundments. The loss of woody debris from the Missouri
River is rarely mentioned in the literature as a significant or relevant stress to pallid
sturgeon. However, the relevance of woody debris may be a significant oversight in
considering indirect benefits to pallid sturgeon. There is a robust body of literature
supporting the importance of woody debris as a fundamental control of channel form in
many river systems (Abbe and Montgomery 1996; Montgomery and Buffington 1997;
Brooks and Brierley 2002; Angradi et al. 2004). Woody debris affects geomorphic
processes by establishing anchor points for bar and island formation and by forcing channel
shifts and avulsions, promotes food and prey production, and increases habitat complexity
and refuge. However, there is exceptionally little reference in the literature to the potential
importance of wood to pallid sturgeon habitat and recovery.
Removal of woody debris has potentially contributed to the following stresses to pallid
sturgeon:
•

Loss and simplification of channel character and reduction of channel shifting
processes

•

Loss of specific microhabitat conditions associated with scour pools or microrefugia created by woody debris

•

Decrease in forage base due to loss of habitat for macroinvertebrates and prey fish
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4

RECOMMENDATIONS

The intent of this report is to provide recommendations for pallid sturgeon habitat
conservation planning. Acknowledging that a comprehensive plan is a significant
undertaking and requires substantial input from many scientists, managers and interests,
these recommendations include a focus on:
1. Planning framework and considerations. Recommendations include a planning
framework founded on our state of knowledge and which acknowledges knowledge
gaps. It suggests hierarchical planning areas based on a watershed framework, and a
comprehensive GIS as essential to future planning efforts.
2. Strategies to mitigate habitat constraints. Recommended strategies include
primarily restoration and protection of processes and habitats. They are organized
around dominant causes of pallid sturgeon decline related to habitat, and
acknowledge social perceptions and constraints as critical factors in planning.
3. “No Regrets” management actions. Management actions that are considered
essential to habitat elements of pallid sturgeon recovery, and for which there is no
reason to delay, are suggested and justified.
The recurring themes through all the recommendations are that: 1. Restoring the processes
that create and sustain habitat will be essential and the most effective means to restoring
habitat; 2. We have sufficient knowledge to guide a habitat planning process, and that
further understanding can greatly increased by measuring response to restoration actions;
and 3. Pallid sturgeon are a wide-ranging species whose habitat requirements are
representative and emblematic of a functioning Missouri River ecosystem.
There is little question that changes to the current configuration or management of
mainstem and tributary dams and reservoirs will be necessary to recover pallid sturgeon.
Pallid sturgeon habitat conservation alternatives that should be considered span the
spectrum from removal of mainstem or tributary dams and reservoirs to leaving them in
place with changes to management practices. While removal of a set of dams and
reservoirs would be the most dramatic and promising means to recover pallid sturgeon, this
report fully acknowledges the persistent social and political perceptions and realities
associated with dams and reservoirs. The recommendations presented herein do not
suggest, nor do they refute, the removal of any or all dams and reservoirs. Rather, they
suggest strategies that address known constraints. Decisions regarding varying
management alternatives will require considerably deeper analytical consideration and the
involvement and education of a stakeholder group that represents all interests within and
downstream of the UMRB.
4.1
4.1.1

PLANNING FRAMEWORK AND CONSIDERATIONS
Conservation Action Planning

A Conservation Action Planning (CAP) process is recommended for habitat planning. A
CAP process (TNC 2007), similar to that being applied in the Missouri River Ecosystem
Restoration Plan (MRERP), is an intuitive, methodical approach to habitat conservation
planning that can be applied at any scale, from the scale of a Recovery Priority
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Management Area (RPMA) to broader management units. Key ecological attributes, threats
and conservation strategies are typically determined through a combination of literature
review, research, and expert workshops. Expert workshops are particularly instrumental
where significant knowledge gaps exist, as they do with the pallid sturgeon. The MRERP is
actively establishing a detailed process from which the Upper Basin may benefit
significantly in more focused pallid sturgeon habitat planning. CAP follows the following
sequence of actions:
1. Identify conservation targets (referred to as ‘focal natural resources’ in MRERP) ecosystems or species that represent the focus of planning. In this case, the pallid
sturgeon is the target.
2. Select key ecological attributes for the target – conditions or processes necessary to
sustain the target, such as minimum population size or natural flow regime.
3. Identify critical threats – stresses and sources of stress that limit the key ecological
attributes.
4. Develop conservation strategies to address threats.
5. Establish measures to track effectiveness of strategies implemented.
4.1.2

Recovery and restoration planning areas

The pallid sturgeon is a wide-ranging species with different spatial requirements for
varying stages in its life history. Relatively distinct populations existed historically through
the basin and are now spatially isolated by dams and reservoirs. These factors point to the
logic of varying spatial scales for species recovery and habitat conservation planning.
Five hierarchical levels of planning units are recommended and described below, and differ
slightly from currently designated planning areas (Figure 5). All recommended planning
units are watershed-based, rather than focused only on mainstem and occupied habitat.
Figures 6 and 7 depict proposed planning units as watersheds. There are distinct advantages
to watershed-based planning units in that they encompass the full spatial extent of
influences and stresses to the pallid sturgeon and its habitat, and that different spatial scales
of watershed planning units can be nested. The rationale and advantage of multiple scales
of planning units is that the relevant and appropriate scale can be considered for various
planning objectives: objectives regarding species genetics can be considered across the full
range of the species; specific restoration actions can be considered in the context of local
concerns; land use or water use management can be considered at the relevant watershed
scale.
1. Management units, as proposed by the USFWS, but herein re-characterized as
contributing watershed areas rather than as mainstem reaches. The Great Plains
Management Unit (GPMU) spans the majority of the Upper Missouri River Basin,
from the upper range of the pallid sturgeon in the Missouri and Yellowstone Rivers
downstream to Fort Randall Dam. A small portion of the UMRB is within the
Central Lowlands Management Unit. The management units proposed by USFWS
are supported in our recommendations because they address two key limitations of
RPMA planning units: 1. Management units encompass the full life history cycle of
a population including migration and larval drift, whereas RPMAs may not; and 2.
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Management units transcend human infrastructure as a geographic boundary on
planning, thus considering pallid sturgeon life history in the context of their
requirements and potential rather than in the context of constraints imposed on
them.
2. Recovery Priority Management Areas (RPMAs) were designated in the Recovery
Plan (1993) as those segments of the current range that provide suitable habitat for
restoration and recovery. They are relevant in this sense, as they represent the
current distribution limits and isolation of populations. RPMAs are useful scales to
consider for habitat and recovery objectives specific to existing populations of
pallid sturgeon. However, the current RPMAs as outlined (Figure 5) do not
encompass entire contributing watershed areas, which may be important sources of
stress as well as opportunities for recovery, and are defined by current
infrastructure rather than biological or physical system characteristics. Proposed
RPMAs (Figure 6) differ from those currently defined in the Recovery Plan in that
we have characterized them as contributing watershed areas, and propose revising
the specific boundaries among RPMAs. Revised boundaries for RPMA include
moving the RPMA1 boundary downstream to Ft. Peck dam to accommodate
varying management strategies for Ft. Peck Dam and reservoir in the context of
RPMA1. For similar reasons, RPMA2 is extended downstream to Garrison Dam.
3. Restoration Action Areas are proposed as subwatersheds within the extent of
proposed RPMAs (Figure 6). Restoration action areas are proposed as an
appropriate scale for planning and coordinating restoration and conservation
actions. Restoration action areas combine mainstem habitat and associated major
tributaries for current or potential populations, or for those reaches of mainstem and
associated watersheds that are beyond the historic range of pallid sturgeon, but still
influence pallid sturgeon habitat. Restoration action areas are an appropriate scale
for considering coordination of hydrologic and sediment management across
multiple tributaries that influence an important reach of the mainstem. Additionally,
they can be considered within existing management context of relevant state and
federal agencies and management groups.
4. Tributary watersheds are nested within the restoration action areas (Figure 7). In
many cases, a stress to pallid sturgeon or source of that stress may be attributed to a
single tributary watershed. Water quality, water quantity, sediment and other
critical considerations are best managed at a tributary watershed scale. In such
cases, defined watershed units become a logical and practical scale for planning
specific conservation actions.
5. Mainstem reaches, or sections of river with common geomorphic characteristics,
provide an appropriate scale for investigation of macro- and micro-habitat use,
habitat availability, and condition, as well as for stratification of monitoring
response to management actions. A number of reach-scale classifications have been
applied under varying contexts and regions, and most are habitat based. The
limitation of habitat-based classification is that it does not necessarily allow the
evaluation of probable response of the river and associated habitat to management.
We recommend a geomorphically based, reach-scale classification similar to what
has been developed within the Yellowstone River (Jaeger et al. 2005). A significant
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body of literature supports a strong correlation between physical geology,
geomorphic character, and fish distribution and habitat use (Frissell et al. 1986;
Montgomery et al. 1999; Higgins et al. 2005). Additionally, geomorphic
classification can be accomplished in a GIS framework largely with existing and
available data, which makes this scale of unit much more accessible and realistic to
develop than habitat based classifications that require extensive ground survey.
4.1.3

Geographic Information Systems (GIS)

Habitat planning is fundamentally a spatial endeavor and requires the synthesis of
information from a variety of disciplines. Geographic Information Systems (GIS)
technology facilitates habitat planning by providing an intuitive, centralized repository for
spatially referenced information. Perhaps the most powerful utility offered by GIS
technology is the ability to query and analyze large amounts of data quickly. A GIS also
provides mapping tools that allow data layers to be displayed and edited dynamically. The
ability to explore, compare and contrast spatial relationships among data layers is critical to
any watershed planning effort.
This report is accompanied by an ESRI geodatabase containing a variety of base layers
useful to habitat planning. These layers include Hydrologic Unit Code watersheds (HUCs),
streams, geology, pallid sturgeon distribution, dams and other barriers, as well as RPMAs
and Management Units. These data represent easily obtained layers describing the general
physiographic and hydrologic setting of the watershed as well as general information about
pallid sturgeon distribution and management units. Although it is not comprehensive, the
geodatabase provides a foundation on which to build a complete collection of data layers
that characterize the watershed. Also provided is an ArcMap project that displays all of the
layers contained in the geodatabase. This project must reside in the same directory as the
geodatabase in order to function correctly. Also accompanying this report is a spreadsheet
inventory of data layers that are critical to habitat planning (Appendix A). For each data
layer the spreadsheet identifies:
1. Status and relevance to habitat planning;
2. Source and geographic extent of the data, if it exists;
3. Constraints on accessibility;
4. Estimated relative effort to compile or generate the data, if not readily available.
The recommended list of data is provided in Table 1. While some of these data are
included in the accompanying GIS database, most will require additional effort to compile.
They also vary in terms of the geographic extent of data available. Many of these data
layers must be derived from other data sources, such as aerial imagery, and will require
substantial effort to create. Other datasets must be compiled from various sources, such as
multiple county and state GIS libraries; and still others will require significant field efforts
to gather, such as local impacts to streambanks.
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Table 1. Recommended GIS data layers for pallid sturgeon habitat planning.

An extensive electronic data search and many interviews revealed that information about
Pallid sturgeon habitat condition is extremely limited. The datasets that were located
consist primarily of generalized layers that describe the watershed landscape, including
geology, topography, infrastructure, and climatic data. Other data layers contain more
detail but are limited to small geographic areas. For example geomorphic classification and
CMZ mapping is limited to the Yellowstone River. Other critical datasets do not exist in
spatial format and so cannot be populated in a GIS without considerable effort, such as
county-based water diversion data that for many counties exists only as inexact location
descriptions.
A well-designed GIS can serve as a centralized repository of all information collected in
the recovery area. Ideally, the database will be developed in such a way as to allow for
efficient querying and summarizing of information. The first step is to develop a logical
indexing system that all of the data features can be referenced to. The index can be based
on any number of watershed features, including geomorphology, tributary confluences or
infrastructure locations. Another useful feature is to develop a data structure such that
various layers share the same spatial alignment. This ‘nesting’ of layers allows for spatial
and quantitative agreement between features and can reduce data creation costs. The
Missouri River Resource Database (http://www.dtmgis.net/mrcdc/) and Yellowstone River
Corridor Resource Page (http://nris.mt.gov/Yellowstone/) are examples of databases
created with these goals in mind.
Once a database framework is in place, layers can be populated as information becomes
available. For example, a data layer for stream temperature can be populated as field
measurements are made. This data layer can then be compared to Pallid sturgeon
observations to evaluate their behavior and preferences relative to water temperature.
Similarly, geomorphic and habitat classifications can be developed within a GIS. This
effort has recently been completed on the Yellowstone River. The indexed and nested
framework of the Yellowstone GIS now provides a visual basis for planning as well as the
capacity to overlay pallid sturgeon observations on the geomorphic data and look for
correlations.
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4.1.4

Habitat Planning with Limited Knowledge

In habitat conservation planning, it is important to consider knowledge gaps and to
integrate these in the planning process. There are three general conditions of uncertainty
that will influence habitat planning:
1. Limited baseline of pallid sturgeon habitat use. What we know about pallid
sturgeon and habitat preferences is significantly limited by our lack of baseline
information about pallid sturgeon in unaltered conditions, prior to dams, reservoirs,
and distributed irrigation works. However, we have substantial baseline information
about the river condition and river processes in which pallid sturgeon thrived prior
to impacts. Similarly, we have substantial understanding of the physical and
ecological response of the river system to these impacts.
2. Research constraints. Research to date has been conducted within an altered
system, and so reflects pallid sturgeon response to altered systems; the research
arena is a geographically limited and fragmented system where habitable segments
do not provide for entire life-history requirements or far-ranging character of the
species; and perhaps most significantly, the population of native adult sturgeon
available for study is limited. Behavior observed through research efforts, therefore,
may reflect stresses as much as inherent requirements and preferences.
3. Inherent uncertainty. Even in unaltered conditions, there are limits to what we can
know. Myriad biological, physical, chemical, and ecological variables in natural
systems challenge our ability to establish certainties and definitive correlations even
in unaltered environments with healthy, stable populations. The complexity of
interactions among so many variables that influence population dynamics are
further complicated by inherent variability of physical system variables, most
notably in the influence of seasonally and annually variable hydrologic variables.
While ongoing research will continue to provide improved understanding, there are many
elements of pallid sturgeon recovery planning that cannot be answered through continued
research. In particular, the question of the relative importance of various constraints may be
impossible to determine in the near future. In such cases, expert workshops provide a
framework for planning and decision making in the absence of sufficient information.
Expert knowledge, particularly when facilitated among a group with complementary
knowledge and experience base, can in many cases be the best and only way to establish
justification for actions that are critical to restoration of habitat. For example, expert
workshops can be used to weight many variables, where sufficient data do not exist to do
so statistically, and these weighted variables can then be used as the basis for further
analysis or decision-making. Pallid sturgeon habitat planning will benefit significantly
from an expert workshop approach to resolving information gaps ad selecting action. Our
best opportunities for filling knowledge gaps and enhancing our understanding to inform
management decisions and actions will likely come from research conducted in an adaptive
management framework, where actions designed to reverse trends of ecosystem and habitat
degradation are intensively monitored, allowing us to measure response to changes in
habitat conditions. Monitoring response to actions may then provide the next level of
understanding.
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4.2

STRATEGIES TO MITIGATE HABITAT CONSTRAINTS

“Recovery objectives, as described in the Recovery Plan for the pallid sturgeon, will not be
achieved without restoring the ecosystem functions of the Missouri and Mississippi Rivers
associated with the natural hydrograph and temperature regime, sediment (suspended and
bedload) transport, and energy cycling.” (USFWS 2000)
This section of the document recommends strategies and programs to mitigate habitat
constraints currently limiting the recovery of pallid sturgeon. Rather than suggesting a
laundry list of discrete “restoration projects”, this document first presents strategies
organized around key sources of stress impacting pallid sturgeon habitat and constraints to
recovery of essential pallid sturgeon habitat. Recommended strategies include:
1. Restore normative flow and temperature regimes
2. Restore sediment continuity
3. Expand range of larval drift
4. Restore primary and prey productivity
5. Minimize entrainment
6. Protect riverine habitat
7. Restore riverine habitat
There is a tradition in the United States of addressing habitat constraints primarily through
the engineering and construction of new or re-created habitat features. However, there is
little evidence to support the effectiveness of this approach as the primary approach to
restoring lost or degraded habitat for threatened or endangered species. This can be
explained by the fact that most habitat restoration conducted nationally focuses on
recreating discrete habitat elements without consideration of changes to the processes that
historically created and maintained habitat. A thorough literature review, supported by
conclusions stated in the Recovery Plan, the NRC (2002) Missouri River Ecosystem
synthesis, and periodic reviews of research (Quist et al. 2004; Bergman et al. 2008),
indicate that the various impacts resulting from mainstem flow regulation, dams, and
associated reservoirs are the dominant causes of loss of habitat, habitat degradation, and
habitat fragmentation. Indeed, virtually all identified stresses to the pallid sturgeon can be
traced back to these sources of stress. Consequently, strategies emphasized herein focus on
these sources of stress.
While dams and reservoirs can easily explain the dramatic decline of pallid sturgeon and
their habitat, the perceived2 social and economic benefits as well as the political support for
these features represents a significant hurdle to the establishment of effective recovery
programs, and indeed to recovery itself. These recommendations are developed with
consideration of the strong political will to maintain the status quo regarding the mainstem
dam and reservoir system. Nonetheless it is essential to consider that recovery of pallid
2

The Missouri River mainstem dams and reservoirs unquestionably provide significant value for flood
control, energy production, recreation, and navigation. However, there is a legitimate question as to
whether these values outweigh other alternatives in monetary value or social values. Current social and
economic values are perceived to be greater than a river system with fewer or no dams and reservoirs, but
to date no comprehensive analysis has demonstrated the validity of this perception in the Missouri River.
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sturgeon may be impossible without significant reconfiguration of the mainstem dam
reservoir system or significant changes in its management. Therefore, these
recommendations do not preclude the alternative of removing or retrofitting dams and
reservoirs.
There is also a strong societal impulse to seek and expect to find a silver bullet – a single
action that will provide for meeting recovery objectives. But there will be no silver bullet in
meeting pallid sturgeon recovery habitat objectives. Requisite habitat restoration will only
contribute to recovery objectives if multiple strategies are undertaken and coordinated.
Further, it is unlikely that the collective community of scientists and managers will be able
to conclusively determine the relative importance of coordinated strategies and the results
they generate in pallid sturgeon recruitment. The strategies described below are presented
loosely in order of the potential benefit they will provide, starting with the greatest
potential.
4.2.1

Restore normative flow and temperature regimes

“The principal driving force for the existence, productivity, and biotic interactions of the
river-floodplain ecosystem is flooding. A periodic flood pulse is critical to floodplain
connectivity and restoration of ecosystem processes.” (USFWS 2000)
“Riverine aquatic habitat, floodplain habitat, biodiversity, and the health of the Missouri
River ecosystem was primarily shaped by the timing, variability, and amplitude of the
natural hydrograph, and the interaction between the river and its floodplain. The natural
hydrograph defined the biological values and the pre-control channel morphology and
floodplain characteristics of the Missouri River which supported a diverse flora and
fauna.” (USFWS 2000)
The pallid sturgeon evolved in an ecosystem characterized by seasonal and inter-annual
variation in flow and sediment transport that drove dynamic channel processes including
eroding banks, entraining woody debris, flooding adjacent riparian areas, entraining
nutrients into the river, and creating new side channels and shallow water habitats. In the
Missouri River today, the six mainstem Missouri River dams are operated under a protocol
established by the Army Corps of Engineers, referred to as the Master Manual, most
recently updated in 2004. This operational protocol reflects a mandate to meet
specifications for a number of objectives and interests including flood control, navigation,
irrigation, and recreation. High flows are typically contained within reservoirs for flood
control and storage; low flows are often augmented for irrigation distribution or navigation;
and power generation can produce rapid changes in river stage. Recently, an ecological
objective was added to the mandate, but is largely ineffective, as it is effectively junior to
other interests and objectives. The generalized effect of this management plan across all of
the included dams (6 mainstem dams) is to eliminate spring pulses relevant to pallid
sturgeon spawning cues, eliminate annual floods that create and maintain habitat, and to
change water temperature year-round. Additionally, reservoirs associated with these dams
trap sediment, which exacerbates effects of flow management on geomorphic processes
dependent on sediment transport continuity that historically created and maintained habitat.
Management of tributary dams that also impact flow regime and sediment dynamics is
largely independent of the mainstem dam operations, thereby further complicating potential
solutions to meeting social and environmental objectives.
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Recognizing that flow management and associated temperature impacts have been key
elements in the decline of pallid sturgeon, various investigations, plans, and agreements are
under way or in place to change flow management to more “normative” flows, or flows
that more closely resemble the natural hydrograph, and to address the temperature impacts
of reservoir storage. Much of the focus on flow management for pallid sturgeon recovery,
however, has been specifically focused on providing spawning cues (discharge pulse and
increased temperatures) through managed releases. While acknowledging the urgent
importance of restoring spawning cues, what is notably missing from the evaluation of
flows and flow management plans developed to date is the relevance of effective discharge
to the creation and maintenance of habitat. An effective discharge is that magnitude and
duration of flow necessary to maintain sediment continuity and geomorphic processes
responsible for creating and maintaining native habitat conditions, and is sometimes
otherwise referred to as dominant discharge. Yet to date, analysis and planning for flow
management has not adequately considered the relevance or importance of effective
discharge as a target flow.
Implementation of flow management actions, particularly experimental operations, may be
the single most important management tactic in implementing pallid sturgeon recovery
goals, as virtually every other conservation/restoration action recommended is dependent at
some level on some degree of normative flow. Because the number of interests, managing
organizations, and geographic scale imply tremendous complexity in developing solutions,
specific recommendations are beyond the scope of this review. However, recommendations
for generalized objectives are provided below. These recommendations expand
significantly on those recovery tasks outlined in the Draft Recovery Plan (USFWS 2009),
specifically by including geomorphic processes and sediment dynamics in establishing
spring flow levels, and in including tributary dam operations in overall flow management
planning.
1. Comprehensive flow model to facilitate alternatives analysis. While previous studies
have characterized historic flows (Jacobson and Galat 2008), a sophisticated and
comprehensive model is needed that is capable of comparing opportunities and effects of
varying management scenarios on discharge, stage, geomorphic processes, and
temperature, as well as evaluating outcomes relative to existing management mandates of
flood control, irrigation, and navigation. A comprehensive hydrologic model should
include the capacity to model historic flows to serve as a baseline for understanding the
geomorphic processes at play prior to flow regulation; model the inputs of tributary
watersheds and their potential to contribute to flow targets as well as contribute sediment
and turbidity; and model the outcomes of various flow regulation scenarios among all
dams, including the alternative of removal of mainstem dams. Such a model will establish a
foundation for alternatives analysis under NEPA and will facilitate the comparison of
alternatives. The existing Master Manual may be relevant to such an effort by virtue of the
extensive suite of input data that it contains. However, the models behind the Master
Manual may be inherently limited if their intent is not consistent with broader objectives
that include pallid sturgeon recovery and if they do not simultaneously accommodate the
modeling of tributary infrastructure.
2. Normative flow management. Manage flows from mainstem Missouri River and
tributary dams to provide effective discharge within the mainstem Missouri in order to
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restore geomorphic processes that create and maintain habitat and sustain the flux of
energy and nutrients necessary to support the ecosystem and its food web. Currently,
emphasis for flow management is on temperature modification and modest “spring pulse”
flows, primarily to serve as spawning cues. However, little discussion or consideration has
been given to the geomorphic relevance of these flows. Considerations for flow
management include:
•

Spring pulse – to provide discharge and temperature spawning cues for pallid
sturgeon and to improve preferred temperature conditions. Current management
recommendations include releasing one spring pulse out of 3 years and for raising
the temperature of water released from mainstem dams during presumed spawning
periods. However, there is little if any ecological or geomorphic basis for this
mandated regime. Annual spring pulses of varying discharges will allow for
generation of far more rapid results of research focusing on pallid sturgeon
response to various flows and will more rapidly restore other ecological functions.
Most reaches of the Missouri historically experienced a bimodal spring pulse, an
early pulse resulting from prairie snowmelt and a later pulse from melting mountain
snowpack. A bimodal pulse consistent with historic temporal and discharge patterns
is recommended as a research element to determine if pallid sturgeon respond
preferentially to one or the other.

•

Flood flows – to restore dynamic channel processes and essential ecological
processes dependent upon flood flows. Determination of effective discharge and
minimum duration necessary to achieve sediment continuity through modeling of
existing conditions and various sediment supply or sediment mitigation scenarios.
An appropriate frequency of flood flows may be less frequent than annual, but
determination of frequency should consider ecological processes in addition to
geomorphic processes, as well as available sediment for transport and alternatives
for mitigating sediment deficiencies.

•

Floodplain and side-channel connectivity – flows necessary to inundate the
floodplain and side channels at an appropriate frequency. Floodplain inundation
may be necessary less frequently than annually to achieve floodplain habitat
objectives (such as cottonwood regeneration), while side-channel inundation may
be necessary annually to promote primary productivity and to maintain shallow
water habitat.

•

Instream flows – low flows to sustain habitat and temperature requirements.
Typically, instream flows are expressed as minimum instream flows necessary to
provide habitat and secondarily to maintain water temperature and water quality.
However, in much of the Missouri River summer flows are maintained at levels
greater than natural seasonal lows by releasing water from reservoir storage to
provide constant and sufficient water for downstream irrigation and navigation.
Establishment of instream flows within the mainstem therefore will have to balance
limited supply from tributaries managed for significant irrigation diversions and the
mainstem managed for downstream navigation. Establishment of minimum
instream flows within tributary basins will be integral to establishing normative
flows in the mainstem.
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3. Integrated sediment management planning. The relevance and importance of sediment
management and restoration of sediment continuity in the mainstem Missouri River is
discussed further below. However, flow management and sediment management should not
be evaluated separately, as flow affects transport capacity, and sediment availability affects
flow dynamics. Flow management can be used to restore sediment continuity. The current
Master Manual and other flow management planning does not integrate sediment
management planning, and therefore fails to consider a fundamental component of a
functional river system.
4. Tributary dams. Integrate management of tributary dams with flow management plan for
Missouri mainstem dams. Tributary dams affect the availability and timing of flows in the
mainstem Missouri and can benefit the mainstem habitat by providing warm, turbid,
nutrient rich water. There may be potential management scenarios for tributary dams to
facilitate or ease the challenges of managing mainstem dams for restoring/sustaining
ecological processes as well as meeting social and legal mandates for this reservoir system.
By including tributary dams in comprehensive flow management modeling, there may be
significant opportunities to achieve pallid sturgeon habitat objectives within tributary and
mainstem reaches. These opportunities may provide means to mitigate the effects of
mainstem dams.
5. Dam removal. Removal of tributary or mainstem dams is an important alternative to
consider. There is no question that there is significant societal inertia for maintaining the
full system of mainstem and tributary dams. However, dam removal has proven a viable
and best option for hundreds of dams throughout the United States in recent years. NEPA
requires consideration of alternatives – no alternative is more certain to provide significant
and immediate benefit to pallid sturgeon than removal of select tributary and mainstem
dams and their associated reservoirs.
4.2.2

Restore sediment continuity

The Missouri River sediment regime (flux of sediment through the system) and hydrologic
regime have acted in concert for millennia to create the physical river conditions and
habitat with which pallid sturgeon have evolved and adapted to. But the sediment regime
has been fundamentally altered and interrupted. The mainstem and tributaries dams and
reservoirs have trapped fine and coarse sediment for decades resulting in persistent change
to river turbidity and fundamental changes in river form and dynamic processes
downstream and within the reservoir footprint. The system of dams and reservoirs now
traps <97% of total sediment load within the Upper Basin (NRC 2002), and between 70
and 99% of suspended sediments responsible for preferred turbid conditions, depending on
location and proximity to dams. Channel degradation below dams has resulted in loss of
lateral connectivity with side channels and floodplains; sediment trapping has resulted in
the coarsening of bed materials downstream and reduction in dynamic processes
responsible for island and side channel formation and associated shallow water habitat.
Tasks or actions that address sediment regime as a constraint to habitat and potential
habitat restoration are notably absent from the Recovery Plan (USFWS 1993 and 2009).
Despite the relevance of sediment to sustaining physical habitat for pallid sturgeon,
sediment continuity has been largely ignored in recovery planning, consideration of dam
operations, and considerations of alternatives for dam and reservoir alterations. Restoring
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some degree of sediment continuity to the mainstem will be essential to restoring and
sustaining dynamic, shifting, sand-bed channels habitat conditions. Planning for sediment
continuity and restoration cannot be separate from consideration and modeling of flow
management alternatives, as sediment transport and delivery rates are a direct function of
river flows. Similarly, the recruitment of sediment from within the channel and floodplain
through natural processes of bank/floodplain erosion and bar deposition will only occur
when effective flows are restored to the mainstem system. Following are recommendations
for sediment management:
1. Integrate sediment modeling with comprehensive flow management modeling. Sediment
transfer and balance models for each impoundment and a comprehensive model for the
entire system of impoundments will be valuable tools and enhancements to hydrologic
models for evaluating alternatives. Sediment models require well-developed hydrologic
and hydraulic models for inputs. Sediment transfer and balance models must include all
significant tributaries because tributaries are the dominant sources of sediment to the
Missouri River. Sediment balance models will enable the planning process to consider the
relative importance of various tributaries and to identify tributaries that may warrant
consideration for sediment routing through existing reservoirs, or dam removal to provide
sediment transfer.
2. Develop and evaluate sediment routing alternatives. There are three basic options for
transferring sediment through reservoir and dam systems on the scale of those of the
mainstem Missouri or major tributaries: 1. Dam removal will provide for restoration of
100% of sediment transfer through the system. Dam removal can be evaluated for any and
all dams, though within the Missouri mainstem Fort Peck and Garrison would offer the
greatest benefits, as each of these is a significant sediment impoundment for Missouri and
Yellowstone sediments respectively. (Evaluation of dam removal alternatives will
necessarily involve consideration of hydrologic variables as well as pallid sturgeon larval
drift distance, and social and economic values.) Dam removal has the significant
advantages over other alternatives in that it restores natural flow regime and provides for
passage upstream for adult spawners and drift downstream for larval pallid sturgeon. 2.
Dam retrofits may include modifications to allow reservoir pool drawdown, sediment
erosion from within the reservoir, and sediment transport through the reservoir dam
tailwaters, as described in Morris and Fan (1998). Dam retrofits can conceivably be
implemented at all mainstem dams and a suite of tributary dams to provide sediment
continuity through the system. However, Fort Peck, Tiber Dam, and Milk River dam may
provide the greatest benefits as each contributes directly to currently inhabited pallid
sturgeon habitat as long as their range remains limited by other dams. 3. Slurry pumping,
similar to that used in the dredging industry, can pump sediment from reservoir headwaters
or any other location to reservoir tailwater, either continuously or during scheduled high
flows (Morris and Fan 1998).
3. Protect remaining sediment sources. Sediment moving through a river system is derived
from both upstream sources and in-channel sources, primarily through erosion of stream
banks. Within the Upper Missouri River Basin, the amount of sediment leaving the upper
basin historically has been roughly equal to that coming into the basin from headwater’s
sources. The amount of sediment eroded from streambanks was roughly equal to the
amount being stored in newly formed bars, islands, and on the floodplain. Nearly 100% of
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upstream sources are now effectively trapped by reservoirs, as the relative contributions of
each tributary to the mainstem soon are deposited in the next downstream reservoir pool.
However, the unchannelized and largely unarmored reaches of the Missouri and
Yellowstone River in Montana represent important in-channel sources of sediment, as well
as providing remnant, isolated reaches of dynamic channel habitat that is dependent on inchannel sources. These areas represent important opportunities for conservation actions,
protecting the active channel corridor through easement programs that protect the channel
migration zone. Sloughing easements may be the most practical means to accomplishing
broad scale dynamic river processes. The challenge inherent in developing sloughing
easement programs is twofold: identifying the most important opportunities and locations
for easements, and fostering participation among the majority of landowners. Generally,
the highest priority reaches for sloughing easement programs will be those currently
occupied by pallid sturgeon, where sturgeon show preferential selection of habitat, and
where the river is not currently channelized. The Missouri between the Marias River and
Ft. Peck, from Ft. Peck to Lake Sakakawea, and the lower Yellowstone all meet these
criteria.
4.2.3

Expand range of larval drift

The Missouri River mainstem dams have fragmented and reduced available habitat to an
extent that there are no longer any populations within the Upper Basin that have sufficient
continuous river to successfully reproduce. Presumed necessary drift distance is between
245km and 530km depending on drift rates and specific river conditions (Braaten et al,
2008). Maximum drift distance under current configuration of reservoirs within the Upper
Missouri River Basin is km approximately 200km, from Fort Peck downstream to Lake
Sakakawea (at full pool), and is considered insufficient (Figure 3). There are two basic and
complementary options for extending drift:
1. Removal or retrofit of upstream passage barriers to allow spawning further
upstream.
2. Reducing or removing reservoir pools to extend drift distance downstream.
In the long-term, priorities for extending larval drift can be integrated with alternatives
analysis for other habitat restoration and recovery priorities, especially any consideration of
dam removal alternatives. In the short term, there are alternatives for extending larval drift
distance that do not require mainstem dam removal, namely lowering of pool reservoirs at
Ft. Peck or Lake Sakakawea to increase downstream drift distance, and removal of passage
barrier at the Intake Diversion dam on the Yellowstone River to increase upstream passage
for adult spawners. It is unlikely that reservoir pool management alone will provide
sufficient additional drift distance, and it is unclear whether the extended drift within new
channels that form in exposed sediments of drawn down reservoir limits will provide
appropriate channel conditions for late larval development.
4.2.4

Restore primary and prey productivity

Benthic invertebrates are a critical component of juvenile pallid sturgeon diet as well as for
adult pallid sturgeon prey fish species. Production of benthic invertebrates has been
reduced approximately 70% in remnant unchannelized reaches of the Upper Missouri River
basin (NRC 2002), which implies a far greater reduction in overall food production, as
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unchannelized reaches now make up only a fraction of the historic river system.
Historically, the production of benthic invertebrates and prey fish species was supported by
interactions between floodplain riparian and river systems, driven be seasonal floods that
supported vigorous production of nutrients within riparian areas and washed nutrients into
the river system. Similarly, side-channel and seasonal low-flow habitat sustained both
benthic invertebrates that and prey fishes. Connectivity between these productive habitats
and the main channel has been lost due to bed degradation (resulting from sediment
trapping downstream of dams) as well as the control of effective flows that create, maintain
side channel habitat and floodplains, and that flood these shallow areas during high flows.
Restoration of primary and prey productivity for pallid sturgeon is intricately tied to other
previously described strategies, including flow management, sediment management, and
dynamic river corridor protection. Increases in productivity within unchannelized and other
reaches will require restoration of normative flows and some degree of sediment
continuity, as well as sufficient channel corridor for dynamic channel processes. Water
quality may be limiting productivity as well and will be an important consideration in
recovery planning.
4.2.5

Minimize entrainment

Entrainment of adult, young and larval pallid sturgeon into diversions, generally irrigation
diversions, exacerbates the stresses already limiting their survival and recovery. There are
few data available to estimate the significance of this problem. And until adult pallid
sturgeon are spawning successfully and producing larval fish, entrainment of larval pallid
sturgeon is not necessarily an immediate concern. However, because the larval life stage is
such a critical stage, and even under best-case restoration scenarios larval survival may
remain as a limiting factor, entrainment of larval pallid sturgeon must be addressed as
efforts are made to restore spawning. Entrainment into diversions can be significantly
reduced using a variety of screening techniques and technologies. The configuration and
size of each diversion will determine what specific screening technologies are appropriate
and effective. We recommend development of a prioritization scheme for retrofitting
existing diversions that considers the volume diverted relative to the volume in the channel
and the location within the reach. Presumably, there is some correlation between the
percent of flow diverted and the likelihood of entrainment, such that bigger diversions
should be a priority.
4.2.6

Protect riverine habitat

“The idea that rivers and their floodplains are so intimately linked that they should be
understood, managed, and restored as integral parts of the same system makes up the
foremost concept of river restoration efforts (NRC 1992)” (USFWS 2000).
Addressing habitat-specific elements of pallid sturgeon recovery will require a mix of
restoration and protection, where restoration implies reversing habitat loss and degradation
trajectories, and protection implies conservation of intact, relatively pristine river
conditions. The strategies presented to this point have focused on restoration. Yet
protection of intact habitat and the processes that support such habitat will ultimately be a
critical element of pallid sturgeon recovery.
The condition of habitat within the Upper Basin can be generally divided into:
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1. Relatively intact: moderately affected by land use, intermittent bank stabilization,
and influence of tributary flow and sediment impacts. Includes the Missouri River
upstream of Fort Peck reservoir and the Yellowstone River.
2. Impacted: significantly impacted by loss of sediment and flow regulation, and
moderately affected by land use, and intermittent bank stabilization. Includes the
Missouri River between Fort Peck dam and Lake Sakakawea, between Garrison
Dam and Lake Oahe, between Fort Randall dam and Lewis and Clark Lake, and
other small remnant reaches.
3. Inundated: habitat lost to inundation by reservoirs. Includes all of the mainstem
within the normal full pool extent of 6 mainstem reservoirs.
Protection efforts should focus on and be prioritized within the relatively intact habitat
inhabited by pallid sturgeon – effectively the Missouri River from the Marias River to Fort
Peck and the Missouri River downstream from Fort Peck Dam to Lake Sakakawea
including the Yellowstone from its confluence upstream to the Big Horn River – and focus
on protection of an active river corridor that provides for relatively unconstrained dynamic
river processes of alluvial erosion and deposition. Prioritization is an exercise that will
require significant input from biologists and managers and will be greatly facilitated by a
well-developed GIS database. Selection of conservation focus areas typically emphasizes
connectivity of protected habitat, value of habitat to target species, and the relative
condition of habitat. There are sophisticated site selection algorithms that are readily
available and operate within a GIS that can greatly facilitate the analysis of numerous
weighted factors. Alternatively, an expert workshop framework for selecting conservation
focus areas typically identify the same or similar areas as those developed through detailed
data analysis and can be far more efficient and timely. Areas considered “givens” for
consideration as conservation areas are described in the “’No Regrets’ habitat
management” section.
There are three practical avenues for protection of river corridor habitat:
•

Conservation easement- Conservation easements typically protect designated lands
from development and specifically restricted land uses, but rarely prohibit bank
protection practices. The advantage of conservation easements is that there are tax
incentives for private landowners to participate, they can prevent future increased
pressure to protect riverbanks by limiting lands to uses that may be more tolerant of
bank erosion, and the cost to public entities is minimal. The disadvantage is that
they require administration and monitoring in perpetuity and do not necessarily
protect the river from bank stabilization impacts.

•

Sloughing easement – Sloughing easements are similar in concept to conservation
easements, except that they explicitly prohibit bank protection within the
boundaries of the easement. The advantages of sloughing easements are that they
directly achieve river conservation objectives and do not require a spatially
extensive commitment from landowners. The disadvantage of sloughing easements
is that to date, incentives for landowners to participate have not yet proven
sufficient for program operation, and that they also require administration and
monitoring for the term of the lease. Furthermore, successful programs that provide
precedent and a functional legal and administrative framework are not well
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developed.
•

4.2.7

Fee Title – Fee title implies complete ownership, in this case by a state or other
public agency, provides the greatest protection and flexibility. However, the cost of
purchase at a scale that will be relevant may be prohibitive, and ownership carries
significant liabilities.
Restore riverine habitat

Habitat restoration can be accomplished through re-establishing the geomorphic processes
that create and maintain habitat, generally through the erosion and deposition of river
sediment and woody debris; or it can be accomplished through more active reconstruction
practices that require some degree of engineering and long-term maintenance. Restoration
of processes, namely restoring normative seasonal flows, restoring sediment continuity,
and protecting river corridors, is emphasized in previous strategies. Active habitat
restoration typically involves some degree of reconstruction of habitat form, and is based
on the assumption that creation of appropriate channel form will provide habitat value
typically associated with that channel form. The body of research evaluating the efficacy of
restoration of channel form and aquatic habitat to achieve biological objectives is
unfortunately thin and inconclusive. And where short-term positive biological response to
creation of physical habitat has been reported in the literature, there is virtually no followon research indicating the persistence of these benefits. Within the Missouri River, habitat
restoration focusing on pallid sturgeon life history requirements has included primarily the
construction of shallow water habitat in lower portions of the river, downstream of
RPMA3. At present, monitoring of this work has not been sufficient to evaluate the
outcomes relative to objectives. In summary, there is little experience within the Missouri
River or reporting in the literature that supports the utility of active restoration of physical
habitat in recovering declining species on large rivers.
There are a number of qualities of the pallid sturgeon as a species and the Missouri River
as a system that bring into question the validity of undertaking habitat restoration through
channel manipulation or reconstruction within the Upper Missouri River:
1. Scale. The wide-ranging character and expansive habitat needs of pallid sturgeon
populations and individual pallid sturgeon implies that where habitat is degraded,
massive effort will be required to provide meaningful value. The size of the
Missouri River channel implies that extraordinary engineering and construction
effort will be necessary to create or repair habitat.
2. Sources of stress. Primary sources of stress have been identified as loss of habitat
due to inundation, impact to water quality (temperature and turbidity), and habitat
fragmentation limiting upstream migration and downstream larval drift.
Reconstruction of habitat does not address these identified key sources of stress.
4.3

“NO REGRETS” HABITAT MANAGEMENT ACTIONS

A comprehensive planning process that guides and prioritizes actions in an adaptive
management framework may require, and indeed deserves, considerable time and effort.
However, recognizing the relative urgency of taking action to restore and conserve pallid
sturgeon habitat and acknowledging that such an undertaking requires significant time and
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resources, there are “no regrets” conservation actions that can be undertaken in the absence
of a plan or in advance of a plan. “No regrets actions” are proposed habitat management
actions that:
•

have significant potential to improve habitat conditions for pallid sturgeon;

•

have significant potential to advance and inform a comprehensive habitat
conservation plan;

•

would likely be high priority or essential actions within comprehensive plans and
may be missed opportunities if delayed;

•

are strongly supported by existing knowledge and expert opinion as important to
restoration of habitat and pallid sturgeon recovery;

•

can be implemented with relative certainty that there will be no detrimental effects
to pallid sturgeon or other natural resources; or

•

are consistent with adaptive management approach to habitat planning and species
recovery.

There is a distinction between actions that can be taken with little risk of “regret” and what
otherwise might be considered “low hanging fruit”. The value and importance of no regrets
actions can be easily defended. Low hanging fruit, however, implies little more than ease
of implementation or ease of social acceptance. There is a risk in pursuing low hanging
fruit actions if they detract from greater priorities. For example, a willing landowner may
offer an easement on a reach that is not necessarily a priority reach. Pursuing this action
will require resources that may be better directed toward greater priorities.
The no regrets actions listed below are generally justified and explained in previous
sections. The assumption inherent in this list is that these all bear a common urgency.
Specifically, we recommend that they all be initiated in a 1-2 year timeframe (2010-2011).
4.3.1

Channel Migration Zone (CMZ) Conservation
1. Extend CMZ mapping
Mapping of channel migration zones provides a planning tool for local jurisdictions
as well as for pallid sturgeon habitat conservation. A CMZ mapping program has
been developed for the entire Yellowstone River (Yellowstone River Conservation
District Council, YRCDC) and is proposed as a model for extension to the Missouri
River in the Upper Missouri River Basin. A CMZ will facilitate development of a
prioritization scheme for conservation action. It enables the delineation of those
dynamic reaches that likely need greater conservation protection to sustain natural
river processes fundamental to pallid sturgeon habitat, as well as inherently stable
reaches less likely to require significant protections. The established Yellowstone
River CMZ model offers the following attributes:

•

geomorphically derived, so that channel processes provide the foundation for
delineating the CMZ;

•

based on a defensible, reproducible, and logical delineation method;
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•

does not necessarily preclude the protection of agricultural or other property from
flood inundation; and

•

identifies potential hazard areas outside of the CMZ (avulsion zones) that inform
property management and conservation efforts
2. Protect Lower Yellowstone CMZ

Considerable research emphasis regarding distribution and potential range has been placed
on the Yellowstone River. The lower Yellowstone River is within the historic pallid
sturgeon range, and it is believed that the Intake diversion dam is the primary limitation to
restoring access to the majority of historic pallid sturgeon range within the Yellowstone.
Native adult pallid sturgeon regularly move into the Yellowstone from the Missouri during
spring flow conditions.
The lower Yellowstone River, from the Tongue River confluence to the Missouri
confluence represents beneficial opportunity for meaningful CMZ conservation.
The lower Yellowstone remains relatively pristine with respect to channel
dynamics, and may provide critical spawning and drift habitat when the passage
barrier at Intake Diversion is remedied. A CMZ has already been delineated, which
greatly facilitates planning and substantiates conservation efforts. CMZ
conservation involves establishment of easements, ownership, or other mechanisms
that prohibit river training, bank protection, and flood protection within part or all
of the CMZ.
The highest priority reach for conservation is the lower 115 km of the Yellowstone
River downstream of Intake Diversion to the Missouri confluence (Jaeger, pers.
comm. 2009). This includes the only documented spawning area for pallid sturgeon
in the Upper Basin and known to be preferred habitat during spawning season
(Braaten pers. comm. 2009).
The Missouri River between the Marias confluence and Ft. Peck reservoir, and the
Missouri River downstream of Ft. Peck dam to Lake Sakakawea both represent
similarly significant opportunities for CMZ conservation. However, in
consideration of limited human and financial resources to pursue conservation
measures, the known constraints on pallid sturgeon life history and prospects due to
the dams and reservoirs, and the logical emphasis on the Yellowstone as a priority,
these reaches represent lesser opportunity unless integrated with other restoration
efforts on the flow regulation, sediment management, and passage on the Missouri,
Marias, and Milk Rivers (see discussion of normative flows and sediment below).
3. Establish sloughing easement program/mechanism.
Conservation protections within river corridors are typically limited to conservation
easements, public or trust ownership, or an easement specifically designed to
preclude bank protection or flood protection. While legal frameworks for
conservation easements and ownership are well established, both of these options
can be cost prohibitive at scale and may not be justified except for critical local
protections. Further, both require willingness of private landowners to release
significant control (or ownership) of their property. Further, traditional
conservation easements typically do not preclude bank armoring or flood
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protection. A sloughing easement is an easement that releases the right of the
landowner to protect some portion of their property from erosion. Advantages of
sloughing easements are that they may be more palatable to river corridor
landowners as they are less restrictive than other easements, and may be designed
to provide meaningful financial incentives to land owners with less public expense
than other options.
Sloughing easement programs have been developed on the Missouri River, but have
not been meaningfully implemented. A sloughing easement program for the
Yellowstone River is currently under consideration and preliminary development
by Montana Fish Wildlife and Parks (MTFWP). Its development and success will
serve as a model for implementation.
4.3.2

Extend range of spawning and larval drift

Limits to potential drift distance for larval pallid sturgeon result from blocked access to
potential upstream spawning sites and the presence of downstream reservoirs in which
larval pallid sturgeon do not survive. Four “no regrets” options for increasing potential drift
distance that do not involve removal or retrofit of major are presented in order of suggested
priority:
1. Retrofit Intake Diversion. Removal or retrofit of the Yellowstone River Intake Diversion
will remove barriers to upstream access to additional potential spawning habitat under
conditions that provide natural spawning cues, and increase potential larval drift distance
significantly. The Intake project constitutes one of the best opportunities in the UMRB to
restore natural pallid sturgeon recruitment (UBWG 2009). Intake Diversion is currently
under an alternatives analysis. In addition to providing passage beyond the diversion,
screening of Intake Diversion can be integrated with retrofit actions, as described in
subsequent sections.
2. Retrofit Cartersville diversion. Retrofit of Yellowstone River Cartersville Diversion will
provide further upstream passage to adult spawning pallid sturgeon, access to additional
potential spawning habitat under conditions that provide natural spawning cues, and
increase potential larval drift distance significantly. The Cartersville project constitutes a
significant opportunity to improve the chances of natural pallid sturgeon recruitment, but
only if upstream passage is first provided at Intake Diversion.
3. Lower Lake Sakakawea pool. Lake Sakakawea currently limits the downstream larval
drift distance potential of Yellowstone or Missouri River spawners. Feasibility studies for
lowering of Lake Sakakawea will have to be integrated with or informed by broader
hydrologic modeling of the full mainstem and tributary dam system. The fate of larval
pallid sturgeon is one of the least understood elements of their life history. As such,
lowering of lake pools should be considered and presented as an experimental exercise
(described further in subsequent sections).
4. Lower Ft. Peck reservoir pool. Ft. Peck limits larval drift distance from potential
upstream spawning within the Marias River. Managing Ft. Peck pool levels for larval drift
should be considered as experimental actions.
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4.3.3

Screen intakes for adult and larval pallid sturgeon

1. Map and prioritize existing diversion intakes in a GIS. There are currently no
comprehensive data that show existing diversion intakes in the Upper Missouri River
Basin, though an effort is underway for the Yellowstone River. Such data will be necessary
to evaluate and establish priorities for intake screening. Prioritization factors may include:
diversion rate relative to river discharge, diversion configuration relative to channel
dynamics/flow, condition and effectiveness of existing screen system.
2. Intake Diversion screen. Intake Diversion is a significant diversion canal and currently
presents a risk of take of endangered pallid sturgeon, both adults and potential drifting
larvae. Intake Diversion retrofit is an opportunity to install screens designed to prevent
entrainment of pallid sturgeon.
4.3.4

Normative flow, sediment, and temperature regimes
1. Create master flow model. Normative flows are regulated flows that are managed
to provide many of the natural resource benefits of a natural hydrograph, including
spawning cues, effective flows (geomorphically significant) for creating and
maintaining dynamic riverine habitat, flooding of floodplains for sustaining riparian
forest communities, and entrainment of nutrients from terrestrial or side-channels,
among many others. A normative sediment regime provides for sediment continuity
– the balance of supply and transport of sediment such that there is no net erosion
or deposition within the channel – and is a fundamental element in creation and
maintenance of pallid sturgeon habitat. And a normative temperature regime
provides a range and timing of temperature variation that is consistent with historic
and natural temperatures to which pallid sturgeon are adapted and which serve as
spawning cues. Normative flows, sediment continuity, and normative temperature
regimes are an absolute priority for long-term persistence of pallid sturgeon within
the UMRB and are intricately related. Because of the complexity of management of
multiple reservoirs and dams, achieving normative flow, sediment and temperature
conditions will require comprehensive and sophisticated modeling of flow
regulation systems and scenario evaluation to meet other flow regulation benefits.
A comprehensive flow model will serve as an essential adaptive management tool
for consideration of all alternatives and should meet the following criteria:

•

inclusive of all major tributaries and tributary reservoirs,

•

capable of analyzing impacts associated with irrigation withdrawal,

•

capable of modeling hydraulic conditions within the mainstem channel,

•

capable of comparing myriad management scenarios among tributary and mainstem
dams to a range of historic flow conditions,

•

capable of modeling sediment continuity, and

•

capable of modeling water temperatures.
2. Establish annual Fort Peck spring pulse. Spring pulse flows are currently
scheduled from Ft. Peck under the BiOp (USFWS 2000) for only one of every three
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years and when reservoir pool and flows meet a minimum threshold to provide for a
variety of habitat benefits to pallid sturgeon and other species. However, these
experimental flows are not necessarily sufficient in frequency, magnitude or
duration to accomplish enhanced objectives of habitat restoration. Further, they
may be insufficient to provide spawning cues, particularly in consideration of the
fact that pallid sturgeon do not necessarily spawn every year. By increasing the
frequency to every year, there is a substantially improved likelihood of coinciding
with individual pallid sturgeon spawning behavior, and perhaps even more
importantly, of building on a data set of various flows from which correlations to
spawning behavior can be developed.
3. Provide normative temperature regimes. Temperature is considered one of the
most probable and fastest means to generate biological response consistent with
spawning requirements (Braaten, pers. comm. 2009). Flow releases from reservoir
spillways that use warm surface waters to mitigate otherwise artificially cold water
temperatures released from reservoirs are recommended as an essential component
for all reservoir and dam management alternatives.
4. Protect instream flows in tributaries. In late summer and fall, natural flows are
typically low; irrigation demand typically exacerbates this. Instream flows are
designated minimum flow levels intended to ensure that irrigation diversions leave
sufficient water in the stream for other uses, primarily fisheries. Upstream of Fort
Peck, on the Yellowstone River, and within tributaries, irrigation withdrawals
during summer significantly deplete low flows, affecting water temperature and
water quality (dissolved oxygen, primarily) and exacerbating the need to impound
water for meeting navigation requirements. Downstream of Fort Peck on the
Missouri River, mainstem flows are continuously regulated to provide for flood
control and downstream navigation, both objectives of which typically augment
otherwise low summer flows, creating artificially deep water conditions as well as
affecting summer water temperature (typically cooling relative to natural). The
affects of tributary irrigation diversions and mainstem flow regulation on natural
low flow are complex – spatially and temporally variable. Nonetheless, pallid
sturgeon and all native fish will benefit from management of “instream flows” that
are designated to provide sufficient water from tributaries to maintain normative
late-season flows in the mainstem Yellowstone and Missouri Rivers.
5. Manage or remove tributary dams and reservoirs to provide normative
temperature, sediment and flows. Tributary rivers have significant potential to
contribute to normative flow, sediment, and temperature regimes that may be
important spawning cues and habitat elements within the mainstem Missouri River
reaches, particularly those where natural pallid sturgeon populations persist and
which are currently dramatically impacted by upstream reservoirs. In particular, the
Marias River and Milk River both contribute significant flow to the Missouri
mainstem at the upstream ends of pallid sturgeon-occupied mainstem reaches and
offer opportunity to improve conditions for pallid sturgeon within the mainstem
Missouri River. Tiber Dam (Marias River) offers significant opportunity for
restoring normative flow to the lower Marias River, which may have potential as a
spawning location for pallid sturgeon. Tiber Dam may also be a strong candidate
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for dam removal, as it has never been fully used as initially planned for irrigation
and may not be necessary for flood control (a comprehensive flow model for the
Upper Basin can inform this). If removed, restored natural flow and sediment
regimes within the Marias would enhance and maintain habitat for all native fishes
and would provide a dramatic improvement to many if not all flow attributes
preferred by pallid sturgeon and believed to be relevant spawning cues, including
turbidity, temperature, and flow. Additionally, management of flows from Canyon
Ferry Reservoir on the mainstem Missouri River may offer opportunities to further
contribute to normative flows in the upper Missouri in concert with the Marias
River. The Vandalia Dam on the Milk River is the first barrier to passage upstream
on the Milk and similarly may present opportunity for normative flow and sediment
regime restoration, as well as opening up over 250 km of additional tributary
habitat.
4.4

RESEARCH AND MONITORING TO ADDRESS GAPS

The fundamental research questions relevant to habitat-specific recovery revolve around
determining what combination of efforts to restore pallid sturgeon habitat will be necessary
to meet recovery objectives. The overarching recommendation for future research, based
on interviews with managers and biologists and supported by external peer review of the
recovery management strategies (UBWG 2008), is to emphasize monitoring pallid sturgeon
and habitat response to management actions (once those actions have been initiated) as a
means of testing hypotheses derived from recent research. Research challenges lie in
establishing monitoring frameworks that enable us to fill knowledge gaps sufficiently to
direct adaptations in management strategies.
It is important to acknowledge the substantial uncertainty that remains in our understanding
of pallid sturgeon and their habitat requirements and preferences. While we cannot
necessarily know how pallid sturgeon interacted with an unaltered Missouri River system,
we can make strides in restoration of the processes that governed that system and monitor
pallid sturgeon response to those efforts. Comprehensive models of hydrologic conditions,
hydraulic, and sediment conditions will be essential components of adaptive management
and associated research. With such models, we can develop a restoration target for habitat
elements of the river system - not necessarily with the intention of fully returning to
historic conditions, but to guide us on a restoration trajectory that moves us toward
recovery. As we take action to restore processes through normative flows and sediment
regimes, and with unimpeded passage and drift in selected areas, we can measure the
evolution of river conditions and pallid sturgeon response to that evolution. Additionally,
research will be greatly facilitated by a comprehensive GIS framework presented
previously in recommendations and a comprehensive geomorphic and habitat
classification.
Following are suggested hypotheses that may serve as a framework for ongoing research
related to proposed habitat management actions. The hypotheses presented below
emphasize research founded on monitoring response to management actions and are
presented in an adaptive management context.
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4.4.1

Research Hypotheses to Support Habitat Planning

1. Pallid sturgeon initiate spawning behavior in response to environmental cues that
include a combination of water temperature, photoperiod, turbidity and discharge.
•

Research to determine specific environmental conditions that serve as spawning
cues will be accelerated and facilitated by providing flow conditions that mimic
natural flow conditions for all presumed and known spawning cues on an annual
basis. Annual normative flow, turbidity, and temperature conditions will
substantially increase the rate and certainty of analysis and the probability of
concurrence of spawning cues and spawning physiology.

•

Research to date indicates that a number of factors influence physiology and
behavior related to spawning. Frequent normative flows that vary in specific
conditions (magnitude, timing, duration) year-to-year and approximate natural
variations will provide the best data to evaluate the relative significance of various
environmental cues.

2. Productivity of pallid sturgeon prey species (invertebrate and fish) will increase under a
normalized flow regime that includes annual effective flows sufficient to mobilize
sediments, access secondary channels and floodplains, and inundate seasonal shallow
water habitat.
•

Sampling of invertebrate and prey fish species in concert with restoration of a
normalized flow regime will inform habitat planning by determining whether
documented declines in productivity can be explained by flow regulation.

3. A normalized flow regime that provides normal spring pulse and late-season low flow
timing, duration, temperature, and turbidity will increase larval survival and the
availability and quality of nursery habitats within the mainstem Missouri.
•

Research focusing on survival of larvae during drift and into the transition to
juveniles will be necessary to inform habitat planning and conservation.

•

Sampling of late-season low flow conditions will enhance understanding of the
value of shallow-water habitat to rearing.

4. Sediment augmentation below dams will be necessary to reverse channel bed
degradation trends and lead to increased physical habitat heterogeneity.
•

Restoration of normative flows alone may be insufficient to provide dynamic and
heterogeneous physical habitat necessary to reestablish food production and
preferred habitat for varying life stages. Sediment augmentation may be a necessary
element to reestablishing normative channel processes.

5. Normalized flow and sediment transport within select Upper Missouri tributaries will
provide spawning cues and spawning habitat within tributaries sufficient to attract
spawning adults to spawn within tributaries.
•

Tributaries may provide the only opportunity other than the Yellowstone for
normalized spawning cues and spawning habitat a sufficient distance upstream of
mainstem reservoirs to accommodate larval drift requirements. Tracking efforts
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may need to be extended to tributary channels if passage to and appropriate flow
conditions in tributaries and can be established.
6. Successful spawning and larval drift distance are the primary bottlenecks in reestablishing recruitment.
•

Restoration of environmental conditions that provide spawning cues and access to
spawning habitat are priority actions described in recovery planning. However, it is
not known whether biotic and abiotic factors operating during post-hatch life stages
will be equally limiting for recruitment.

•

Research focusing on larval drift in concert with or independent of efforts to
achieve natural spawning will be essential to planning and managing for conditions
that foster recruitment to juvenile stage. Larval drift studies that test survival
through the drift history and relate survival to environmental conditions as well as
drift distance will facilitate restoration planning.

7. Pallid sturgeon will migrate and spawn far enough upstream on the Yellowstone, if they
are able to pass Intake Diversion freely, to provide sufficient larval drift distance.
•

Without significant modification to current mainstem dams or reservoirs, the
presumed best hope for natural recruitment within the Upper Basin is within the
Yellowstone with passage provided at Intake.

8. Lowering reservoir pool levels on Fort Peck Lake and Lake Sakakawea will extend river
channel habitat for larval drift; environmental conditions within these reservoir-reaches
will be sufficient to sustain drifting larvae and their transition to juveniles.
•

4.4.2

Sampling for larvae in river reaches exposed by and within reservoir drawdown
will inform planning options that assume reservoir drawdown can provide greater
drift distances.
Habitat Classification

A standardized and widely applied aquatic habitat classification will greatly facilitate
monitoring and research related to habitat. A classification of pallid sturgeon habitat that is
relevant throughout their range in the Upper Missouri Basin will bring the following
benefits:
•

Provide a systematic means to relate pallid sturgeon behavior to the distribution of
physical habitat;

•

Provide a basis for evaluating pallid sturgeon response to management actions by
monitoring use of different habitat types through changes in management;

•

Provide a basis for stratifying monitoring efforts once pallid sturgeon use of habitat
is established;

•

Provide a basis for prioritization of management and conservation actions by
habitat type and response to management actions.

A number of habitat typing classifications have been developed within the Missouri River
system (Drobish 2006; Elliott and Jacobson 2006). Habitat classifications span a number of
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scales, from microhabitat types that may include multiple habitat types across the channel,
to macrohabitat types that may include multiple habitat types within a reach, to reach-based
geomorphic classifications. Habitat classification systems relate observed pallid sturgeon
behavior to specific physical features of the river system and are instrumental in
understanding specific behavior and microhabitat and microhabitat preferences.
We advocate for a two-tiered classification of pallid sturgeon habitat that is
geomorphically-based and includes a reach-scale geomorphic classification and a finerscale habitat classification based on physical channel parameters. A diverse body of
literature supports the correlation of geologic and geomorphic character to the distribution
of fish species as well as populations and concentrations of a certain species (Frissell et al.
1986; Montgomery et al. 1999; Higgins et al. 2005). The advantages of a geomorphically
based classification include:
•

Allows the prediction of habitat response to management actions

•

Allows the prediction of pallid sturgeon response to management actions that have
predictable habitat outcomes

•

Classified at a scale (geomorphic reach) that is appropriate for measuring
geomorphic and biological response to management actions

•

Can be efficiently classified over long river distances using available physical data
in a GIS framework
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SUMMARY

Loss and alteration of habitat are listed as dominant factors leading to the listing of pallid
sturgeon as endangered in 1990. Yet within the UMRB, little has been accomplished in the
restoration and mitigation of habitat impacts, and no comprehensive habitat conservation
plan has been developed. Minimum requirements for achieving a self-supporting
population include the survival of a hatchery-raised population to sexual maturity and the
extension of larval drift habitat to allow maturation of naturally spawned larvae. Yet there
remains significant uncertainty as to whether available habitat will be of sufficient quantity
and quality to facilitate natural recruitment and survival of all age classes. Pallid sturgeon
survival and recruitment are generally constrained by:
•

Altered hydrologic regime and the detention of sediments

•

Altered water quality including temperature and turbidity

•

Loss of habitat for all life stages

•

Reduced forage

•

Disconnected populations and habitats

To date in the Missouri River system, habitat restoration efforts have focused almost
exclusively on the construction of artificial and static habitat in downstream reaches.
However, everything we know about pallid sturgeon indicates that it is a species that is
characteristically dependent upon habitat qualities that result from dynamic processes.
Programs suggested or mandated appropriately emphasize flow management to mitigate
habitat loss, but do not address sediment transport constraints that are equally important for
enduring and meaningful habitat conservation. While removal of some or all mainstem
dams would be the most certain means to restore processes and recover pallid sturgeon,
alternatives commonly discussed to date do not include dam removal alternatives. A
comprehensive pallid sturgeon habitat conservation plan will be most likely to succeed if it
centers on a philosophy of resurrecting natural river processes and the seasonal and
physical variation in habitat and water quality that those processes dictate. At a minimum,
dam removal should be evaluated as an alternative against which to compare other
alternative management plans and their likelihood of achieving recovery goals.
Pallid sturgeon habitat requirements are well-understood; what is not well-understood is
the relative importance of various habitat requirements and various life history cues in a
recovery and restoration context. As progress is made in restoring function and form to a
more dynamic state with normative flows and sediment regimes, adequate passage and drift
distances, and restored forage productivity, monitoring of pallid sturgeon response to
management and restoration actions will provide our biggest leaps in understanding, and
will inform future management.
The ecological risks of taking decisive actions that support the restoration of the processes
that historically supported pallid sturgeon are benign. The potential benefits, however, are
substantial – the recovery of an endangered species and an entire ecosystem that supports
it.
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FIGURES

Figure 1 – Historic and current distribution of pallid sturgeon as constrained by existing
dams and reservoirs (historic distribution after Bailey and Cross, 1954).
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Figure 2 – Known and presumed potential spawning areas for pallid sturgeon relative to
current distribution as limited by existing barriers to upstream passage.
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Figure 3 - Potential drift distance on mainstem Missouri and potential extended drift
distance resulting from removal of passage barriers at Intake Diversion dam and
Cartersville diversion on the Yellowstone River.
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Figure 4. Dams and diversions impacting habitat and limiting movement of pallid sturgeon
within their current range. Only federally operated or owned dams are shown in tributaries
to the Missouri and Yellowstone; tributaries typically contain many more dams, diversions
and water management infrastructure than shown.
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Figure 5. Existing planning areas as delineated by the USFWS.
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Figure 6. Proposed Recovery Priority Management Area (RPMA) watersheds and
Restoration Action Area planning units.
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Figure 7. Major tributary watersheds shown as nested within proposed restoration action
area watersheds.
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