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BiOp & Missouri River Recovery Program B ey

» USFWS 2000/2003 Biological Opinions (BiOp) found Corps’
operations would jeopardize the continued existence of the pallid
sturgeon (Scaphirhynchus albus), interior least tern (Sternula
antillarum athalassos) and the piping plover (Charadrius melodus)

» Identified a Reasonable and Prudent Alternative (RPA) to jeopardy
consisting of several actions, including adaptive management

» Missouri River Recovery Program (MRRP) initiated in 2006 to
Implement requirements in the BiOp

(.

The Corps should embrace an adaptive \
management process that allows efficient
modification/implementation of
management actions in response to new
information and to changing

environmental conditions to

\benefit the species . ..” (USFWS 2000) /
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MRRP Overview SR =t e, o

MRRP Purpose:

» To implement the requirements of the BiOp and
restore a portion of the Missouri River
ecosystem and habitat for fish and wildlife,
while maintaining the congressionally-
authorized uses of the river

MRRP Elements:

» Pallid Sturgeon-
» Shallow Water Habitat Construction
» Hatchery Propagation/Stocking
» Spring Pulse System Release
» Tern and Plover
» Emergent Sandbar Habitat Construction
» System Operation to Reduce Nest Damage

» Monitoring and Evaluation




Missouri River Recovery Program

e EMERGENT
SANDBAR HABITAT

PROGRAM

and maintaining
sandbars

+ Clearing existing
sandbars of
vegetation

» Creating 20 - 30 acres per mile
of new shallow water habitat by
2020
Widening river channel

« Restoring chutes and side
channels

The SHALLOW
WATER

HABITAT PROGRAM

« Mechanically building

Acres
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Missourl River Recovery Bl Easeerch ana
Implementation Committee (MRRIC)

» Authorized by Congress in WRDA 2007

» Provide guidance/recommendations to USACE on MRRP
Implementation

» Composed of: T
— -
M 28 Stakeholder members = . : N
M 8 States :
M 18 Tribes
M 15 Federal agencies
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Independent Science Advisory Panel (ISAP)  EpsneerResearch and
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» 2009 MRRIC selection of independent science advisory panel

» Selection of 6 national experts in:
B Geomorphology
B Tern and Plover Biology
B Pallid Sturgeon Biology
B Ecology/Statistics
B Conservation Biology
B Riverine Ecology

Jan 2011 — MRRIC Finalized Initial Task to
Independent Science Advisory Panel (ISAP)

Nov 2011 — ISAP’s “Final Report on Spring
Pulses and Adaptive Management”

Missouri River Recovery Program
Independent Science Advisory Panel

Final Report on
Spring Pulses and Adaptive Management
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>210% Normal
basin runoff
Flood of record
>2X previous
maximum reservoir
release
S85M direct
impacts
5 deaths

NWS 2012
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| ERDC
MRRIC Consensus Recommendation: Development Conter
7 Proposed Actions from ISAP Report

1. Develop Effects Analysis

2. Develop Conceptual Ecological Models for listed
species

3. Evaluate other Recovery programs

4. Develop overarching adaptive management strategy

5. Design monitoring programs

6. ldentify decision criteria

{. Evaluate entire hydrograph effects on the listed species
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Effects Analysis
| |
Probhlem —:—p- Collection o —:I' Agency
Formulation ,  Decisions
|
1
|
Define Proposed I Make affirmative
Action I decisions
I regarding effects
Delineate Action I onthe species and
Area I its habitat, and
analyses I regulatory eptions
Develop analysis of the ! that are

Cong opriate in

Critically assess the ecolog]
guality and

urrounding findin
made

Population size
and trend data

Step 1 Step 2 Step 3
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EffeCtS An alyS I S ACtIVItI eS Engineer Research and
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» Compile and assess pertinent scientific and operational
Information

» Develop conceptual ecological models to guide
development of hypotheses and quantitative models

» ldentify hypothesized factors contributing to species
population dynamics

» Develop quantitative models for forecasting the effect of
different actions on listed species performance

» Conduct analyses to inform species objectives targets and
management actions

» Assess effectiveness of alternative management
strategies relative to the No Action condition



Pallid Sturgeon Update Loop,

Effects Analysis
Phases and Task

A4
CEMs, S .
concepts equenCIng
Information Key
Evaluation cEM
Hypothésis Agency,
Hypotheses Hypothesis Processes MRRIC Input
r Evaluation Reserve '
‘ Information Modeling
——————) Working Gathering Process
Population Population
Effects Model™ > Effects
Report Document, AM Design
Deliverable Process
Design Adaptive
R rch Monitoring, Management
PSS ) Assessment, Design Implement Hypothesis
X Research Report Adapt Reserve
N .
Implement
C Monitor
l Assess Documents,
Reporting
Learning J

Phase 3 Adaptive Management
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Sources of information — lines of evidence o

°* Theory: natural flow paradigm, resource partitioning,
niche utilization

°* Expert opinion: understanding from other rivers, other
species, from experience - “professional judgment”

* Empirical evidence: laboratory or field evidence of
association, habitat selection; developmental rates;
behavioral experiments

° Quantitative models: models constructed from theory,
opinion, and/or empirical data to link management
actions to biotic responses

* We emphasize quantitative models but quantitative
models need to be based on a strong theoretical or
empirical foundation to be useful.



| ERDC
Pathways from Management Actions to Development Certer
Population Responses

Social, :
Political, Reservoir [ Overv‘\n.nter }
Legal, and Operating conditions
Economic Rules ) : — | Nest

Drivers Location

Climate,

geology,
land use

Sandbar

Construction

Overwinter
conditions
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CEM-Derived Hypotheses e sassars o

Plover biotic hypothesis Intermediate hypotheses

Increases in area of suitable habitat

increases survival of eggs to chicks and

chicks to fledglings by reducing predation.

For a given population size, increases in
habitat area decrease nest density
Lower nest densities attracts fewer
predators, reducing predation.
Decreases in predation increase survival
of eggs to chicks and chicks to fledglings.

Nest
Location

N
.
Hablta I\IDQ"‘ vy FICTuguwvit

Dispersal

Population
Size
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Overarching Critical Uncertainties—Birds e

» How much habitat is needed to maintain a resilient population of
plovers and how should it be distributed?

» How are the Missouri River populations affected by migratory and
metapopulation dynamics?

» How will changes in climate and channel morphology affect
management effectiveness?

» How can the AM program buffer against natural (especially
hydrologic) uncertainty?

» How can the AM program buffer against institutional and
socioeconomic uncertainty?

» Management uncertainties: are actions necessary and effective?

19



Pallid Sturgeon (Scaphirhynchus albus) fRDC

ineer Research and
levelopment Center

o = o A (.
i SRR T
ey RS NS
»-’ /
1
2 Ul

Migrate upstream
hundreds of km

Grow to sexual
maturity, 7-14
years

Spawn over hard,
coarse substrate,

adhesive eggs,
fertilize, 4-7 days “Settle” into lofi
incubation ettle” into lotic

marginal habitats

11-14 days
drift as free

embryo (or 6-97?) DelLonay and others (2009)




Pallid Sturgeon Conceptual Models
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Component-level Conceptual Model

Multiple Dominant: biological

— | E— ¥ 4 |

Management

Hypotheses

---------- —_—y
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Management Hypotheses Expert Survey

30. DO augmentation, Lake Sak -

29. Flocc removal, Lake Sak -

28. Drawdown Lake Sak, drift |-

27. Stocking, genetics [~

26. Stocking density, growth -

25. Propagation to carrying capacity [~
24. Propagation to critical mass -

23. Channel reconfig, food

22. Channel reconfig, retention -

21. Channel reconfig, spawning |-

20. Removal Intake, Cartersville |-

19. Passage Intake, Cartersville |-

18. Removal Intake -

17. Passage Intake -

16. Sediment bypass, Ft. Peck, cues |-
15. Sediment bypass, Ft. Peck, predation -
14. Water temp, Ft. Peck, growth rates -
13. Water temp, Ft. Peck, drift |-

12. Water temp, Ft. Peck, food

11. No pulses, Ft. Peck, draw to YSTN |-
10. Pulses, Ft. Peck, draw to UPMOR |
9. Low flows, Ft. Peck , drift |-

8. Low flows, Ft. Peck, turbidity -

7. Naturalize Ft. Peck, shorten drift |-

6. Naturalize Ft. Peck, cues |-

5. Naturalize Ft. Peck, bicenergetics -
4. Remove Ft. Peck, turbidity [

3. Remove Ft. Peck, flow -

2. Remove Ft. Peck, drift |-

1. Remove Ft Peck, spawn -

1Ty

Drawdown Lake Sakakawea - drift

- --— ]

Stocking management - genetic diversity

=_

Remove, bypass, Intake, Carterswlle drift

T ——

Sediment bypass Ft. Peck - predatlon

Temp control Ft. Peck - drift, growth

Naturalize Ft. Peck - drift, cue, flow

- — |

Remove Ft. Peck - drift, spawn, cue, flow

Responses

~

Less support More support
< >

L
10 12

o |

s o 2 4 5
Responses
Uncertainty
>




Working set of management hypotheses and model types.

Where

What

Management Hypothesis

Model Type

Short Name

Upper Missouri River

Alter Flow Regime at Fort
Peck

Naturalized flow releases at Fort Peck will result in increased
productivity through increased hydrologic connections with low-|
lying land and floodplains in the spring, and decreased
velocities and bioenergetic demands on exogenously feeding
larvae and juveniles during low flows in summer and fall.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Naturalized flow releases at Fort Peck will result in increased
reproductive success through increased aggregation and
spawning success of adults.

Flow + Morph + Sediment + Temperature -> Behavioral response -> Viable gametes

SPAWNING CUE

Reduction of mainstem Missouri flows from Fort Peck Dam
during free embryo dispersal will decrease mainstem
velocities and drift distance thereby decreasing downstream
mortaliity of free embryos and exogenously feeding larvae.

Temperature Control,
Multilevel-release Device
at Fort Peck

Flow + Morph -> Disp Distance; + Temperature -> Destination @ settling; + Destination
Quality -> Survival

DRIFT

Warmer flow releases at Fort Peck will increase system
productivity and food resource availability, thereby increasing
growth and condition of exogenously feeding larvae and
juveniles.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Warmer flow releases from Fort Peck will increase growth
rates, shorten drift distance, and increase survival of free
embryos.

Flow + Morph -> Disp Distance; + Temperature -> Destination @ settling; + Destination
Quality -> Survival

DRIFT

Sediment Bypass at Fort
Peck or Other Sediment
Augmentation.

Installing sediment bypass at Fort Peck will increase and
naturalize turbidity levels, resulting in decreased predation on
embryos, free embryos, and exogenously feeding larvae.

Flow + Morph + Sediment + Temperature -> Behavioral response -> Mortality

PREDATION

Yellowston
e River

Construct Fish Passage at
Intake on Yellowstone
River

Fish passage at Intake Dam on the Yellowstone will allow
access to a additional functional spawning sites, increasing
spawning success and effective drift distance, and decreasing
downstream mortality of free embryos and exogenously
feeding larvae.

If (Passage + migration + spawning);
Flow + Morph, Disp Distance; + Temperature -> Destination @ settling; + Destination
Quality -> Survival

DRIFT

Upper Basin Propagation

Stocking at optimal size classes will increase growth rates and
survival of exogenously feeding larvae and juveniles.

stocking decision -> Population model -> Population growth/decrease?

PROPAGATION

Stocking with appropriate parentage and genetic diversity will
result in increased survival of embryos, free embryos,
exogenously feeding larvae, and juveniles.

PROPAGATION

Lake
Sakakawe
a

Operate Garrison Dam to
draw down Lake
Sakakawea

Drawdown of Lake Sakakawea will increase effective drift
distance, decreasing downstream mortaliity of free embryos
and exogenously feeding larvae.

Flow + Morph -> Disp Distance; + Temperature -> Destination @ settling; + Destination
Quality -> Survival

DRIFT

Lower Missouri River

Alter Flow Regime at
Gavins Point

Naturalization of the flow regime at Gavins Point will improve
flow cues in spring for aggregation and spawning of
reproductive adults.

Flow + Morph + Sediment + Temperature -> Behavioral response -> Viable gametes

SPAWNING CUE

Naturalization of the flow regime at Gavins Point will improve
connectivity with marginal habitats and low-lying lands,
increase primary and secondary production, and increase
growth and condition of exogenously feeding larvae and
juveniles.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Naturalization of the flow regime at Gavins Point will decrease
velocities and bioenergetic demands, resulting in increased
growth and condition for exogenously feeding larvae and
juveniles.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Alteration of the flow regime at Gavins Point can be optimized
to decrease mainstem velocities, decrease effective drift
distance, and minimize mortality.

Flow + Morph -> Disp Distance; + Temperature -> Destination @ settling; + Destination
Quality -> Survival

DRIFT

Temperature Management
at Fort Randall and Gavins
Point

Operation of a temperature management system at Fort
Randall and/or Gavins Point will increase water temperature
downstream of Gaivns Point, providing spawning cues for
reproductive adults.

Flow + Morph + Sediment + Temperature -> Behavioral response -> Viable gametes

SPAWNING CUE

Channel Reconfiguration

Re-engineering of channel moprhology in selected reaches
will create optimal spawning conditions -- substrate,
hydraulics, and geometry -- to increase probability of
successful spawning, fertilization, embryo incubation, and free-|
embryo retention.

Flow + Morph + Sediment + Temperature -> Behavioral response -> Viable gametes

BIOENERGETICS

Re-engineering of channel morphology in selected reaches
will increase channel complexity and bioenergetic conditions
to increase prey density (invertebrates and native prey fish) for
exogenously feeding larvae and juveniles.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Re-engineering of channel morphology will increase channel
complexity and minimize bioenergetic requirements for resting
and foraging of exogenously feeding larvae and juveniles.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Re-engineering of channel morphology in selected reaches
will increase channel complexity and serve specifically to
intercept and retain drifting free embryos in areas with
sufficient prey for first feeding and for growth through juvenile
stages.

Flow + Morph -> Habitats -> Food Production, energetic requirements -> Growth, survival

BIOENERGETICS

Propagation Lower Basin

Stocking at optimal size classes will increase growth rates and
survival of exogenously feeding larvae and juveniles.

stocking decision -> Population model -> Population growth/decrease?

PROPAGATION

Stocking of fish with appropriate genetic heritage and at river
locations with appropriate habitats will increase growth and

survival of exogenously feeding larvae and juveniles.

PROPAGATION

ERDC

ineer Research and

21 Hypotheses:-

Expand by
Location,
Expand by Life
Stage

Five core model
types

Bioenergetics

Spawning cues

Drift/dispersal

Predation

Propagation
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Overarching Critical UncertaintiesS—Sturgeon oevaosmen conter

>

-

>

Are flow manipulations necessary to cue spawning, contribute to
effective dispersal of free embryos?

Are water temperature manipulations necessary for reproductive
cues, or increased productivity and growth?

Is dispersal distance limiting for age-0 pallid sturgeon survival, and if
so, what combination of flow manipulation and other engineering
actions would remove that limit?

Are food-producing or foraging habitats limiting for age-0 pallid
sturgeon, and if so, what combination of flow manipulation and
channel reconfiguration would remove that limit?

Are spawning habitats limiting for successful reproduction, and if so
what combination of flow manipulation and channel reconfiguration
would remove that limit?

Is sediment augmentation necessary to achieve recruitment?

What approaches to population augmentation are necessary to
maintain the population temporarily and will do so with least harm to
genetic diversity?

25
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CEMs to Population Viability Bl fasrs nc

Conceptual Ecological Models
(CEMs) Stage Structured
O o gt Popu lation Model

eon CEM

Gametes & Developing
Upper Basin Pallid Sturgeon Embryos
Exogeneously-feeding Larvae & Age-0

Upper Basin Pallid Sturgeon
Juvenile

O )

Exogenously Feeding __ Recrudescent

—p i - =Y —
Larvae & Age-0 AL S Spawners

| N
Ygg:rliﬁ;ys '_|_ _[

Hatchery Broodstock
Fingerlings




Pallid Sturgeon ERDC
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Stage structured Pallid Sturgeon population model

) Juveniles  Adults
Humber of years fo simulate:

5

w
IMaximum age:
. T
= 5 Juveniles
1 1 1 1 1 1 1 1 1 1 1 T I Hatchery
Initial abundance juveniles (natural): - Natural
00 5,000 4
- g
Initial abundance juveniles (hatchery): g 3
5,000 20,000 o
8
v [}
. 'E 2
Initial abundance adults (hatchery): é
5,000 20,000
v 14
Initial abundance adults (hatchery):
33,000 00,000 0 -
v T L
Annual hatchery inputs (fingerlings): o
o
@ 8000 | -
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0
-
b4
] ) 6000 — =
Early life survival (0-365 dph):
0 0.0508 §
351
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Praobability of producing viable gametes: 2 4000 r
0.0002
Ar
w
Survival to adult (age-1). 2000 L
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A
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Free Embryo Drlft and SurVIVaI Engineer Research and
Upper Missouri & Yellowstone Rivers Bl o
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1D Advection/Dispersion

Ft. Peck Dam

01Jul2010 00:00:00

Miles City "
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Preliminary Effectiveness of

Management Actions

Min
5
10
25
50
75
90
95

HMin Min 10 50 90
Exceed Ft.Peck 1805.0 1812.6 1821.6 1843.2 1850.4
100% 100% 100% 100%  100%
100% 100% 100% 100% 100%
100% 100% 100% 100% 100%
100% 100% 100% 100% 99%
99% 99% 99% 99% 99%
100% 100% 100% 100% 98%
100% 100% 100% 100% 95%
100% 100% 100% 100% 89%

Exceed Ft.Peck 1805.0 1812.6 1821.6 1843.2 1850.4

Min
5
10
25
50
75
90
95

Percent Larvae U/S of Pool at T = 4 Days

Flow

3000
5500
6100
7150
8600
11000
14400
16100

Percent Larvae U/S of Pool at T = 8 Days

Flow

3000
5500
6100
7150
8600
11000
14400
16100

Lake Sakakawea Pool Level

Lake Sakakawea Pool Level

HMin Min 10
92% 85% 60%
53% 41% 14%
47% 34% 11%
29% 20% 6%
16% 11% 3%
12% 8% 2%

5%
3%

3%
2%

1%
1%

50

26%
6%
4%
2%
1%
0%
0%
0%

90

7%
1%
0%
0%
0%
0%
0%
0%

Max
1856.0
100%
100%
100%
99%
97%
92%
80%
63%

Max
1856.0
3%
1%
1%
0%
1%
0%
0%
0%

Min
5
10
25
50
75
90
95

HMin Min 10 50 90
Exceed Ft.Peck 1805.0 1812.6 1821.6 1843.2 1850.4
100% 100% 100% 98% 85%
100% 100% 97% 80% 33%
100% 99% 96% 75% 23%
99% 98% 91% 60% 11%
98% 96% 85% 49% 6%
98% 94% 83% 44% 3%
92% 86% 68% 30% 2%
85% 76% 57% 20% 1%

Exceed Ft.Peck 1805.0 1812.6 1821.6 1843.2 1850.4

Min
5
10
25
50
75
90
95

Percent Larvae U/S of Pool at T = 6 Days

Flow

3000
5500
6100
7150
8600
11000
14400
16100

ERDC

Engineer Research and
Development Center

Lake Sakakawea Pool Level

Percent Larvae U/S of Pool at T = 10 Days
Lake Sakakawea Pool Level

Flow

3000
5500
6100
7150
8600
11000
14400
16100

HMin

21%
4%
0%
1%
0%
0%
0%
0%

Min

19%
5%
3%
1%
0%
0%
0%
0%

10

6%
1%
1%
1%
0%
0%
0%
0%

50

3%
1%
0%
0%
0%
0%
0%
0%

90

1%
0%
0%
0%
0%
0%
0%
0%

Max
1856.0
70%
22%
14%
6%
4%
1%
0%
0%

Max
1856.0
1%
0%
0%
0%
0%
0%
0%
0%



Effects Analysis

Management Plan A
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Flows
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Habitat & Socioeconomic Relationships

Pallid Model

Tern Model

Plover Model
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Development Center

—> Flood Risk
—> Navigation
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Habitat and population modeling Development Certer
Habitat Pop:la;c.ion
: protection
actions Sandbar Fledglings
model v
Population :
e Population
|
Hydrograph V|ab0|I |’:y arowth rate
T Reservoir [NIEARRElE
habitat Adult birds
Flow model

modification
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Adult Terns

Species Models

ERDC

Engineer Research and
Development Center

Species models were developed and are used to forecast
population ranges for alternative management scenarios
Additional modeling is addressing specific biological hypotheses

critical to decision making
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Useful Model Analyses
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ERDC

Engineer Research and
Development Center

500 ac in one year ($25M)

m Acres Constructed

——Standard Acres

Occurs one year in ten
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UserI MOdEI Analyses Engineer Research and

Development Center

Effectiveness of Summer Low Flows:

Seasonal Adjustment to Available ESH for Given Flow Ar::ient
E
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Synthesis: Best Available Science Based on  ErgneerResearch and
Lines of Evidence and Model Projections

= USGS
science for a changing world

Prepared in cooperation with the Missouri River Recovery Program Prepared in cooperation with the Missouri River Recovery Program

ZUSGS

science for a changing world

Development of Working Hypotheses Linking
Management of the Missouri River to
Population Dynamics of Scaphirhynchus albus

Assessment of Adult Pallid Sturgeon Fish Condition,
Lower Missouri River—Application of New

! Information to the Missouri River Recovery Program
(Pallid Sturgeon) "

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Balelle Sincs 1965

Conceptual Ecological Models
and Hypotheses for Piping
Plovers and Interior Least Terns

pas

Missouri River Effects Analysis
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Draft document. For review and comment
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Effects Analysis Report Review Process BEE e onior

Effects

Analysis
Reports

ISAP Review [Kqmwampd MRRIC Brief
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Engineer Research and
Development Center

Missouri River Recovery Program/MRRIC

Independent Science Advisory Panel (ISAP)

Effects Analysis

[ Human Considerations/ISETR ]

EIS Alternative Development

Adaptive Management Plan




Human Considerations

» Purpose is to assess effects of potential
management actions on human interests
» |dentified and developed with MRRIC-
2013-2014
» MRRIC Consensus Recommendation-

2014
» PrOACT process truncated in 2015

ERDC

Engineer Research and
Development Center

Draft Framework for Human Considerations Objectives and
Performance Metrics and Associated Modeling/Methodology

June 2014




Environmental Impact Categories
(Human Considerations)

ERDC

Engineer Research and
Development Center

: Commercial Sand Cultural
Agriculture .
Dredging Resources

|

Environmental
Conservation

Flood Risk

Reduction AR

[ Fish and Wildlife ]

|

Implementation
Costs

|

Thermal Power ]

Water Supply Wastewater

=
L]

|
|
|
|




Tools for Stakeholders

ERDC

Engineer Research and

Development Center

| AP33 v |
4h B C D E F G H | J M N O E Q R S l U N
2 MRRIC Hydrology Visualization Tool
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5 Select location:
6 964 o
74 ALT1_NOACTION Omaha, NE B =
8
9
962 !
10 ALT28_FALL5-355L Flow Stage / Elevation (O]
11
12
e ALT24_FALL5-30SL
13 960 |
14 (> Single Alternative Select Alternative
15 [V Each yearin grey lALT]_NDACTIDN E]
16 ’ ALTIZEALLSIMAR [~ Pick year (Select below)
17 958 v max
1 Ll'_.l ALT21_FALLS-31MAF ¢ o
19 S v s0th [ Mean
20 | = [V 10th
21 956 [V min Alternatives
ALT16_FALL5-355L-
22 DEKCES [V |ALT1_NOACTION
23 @ Multiple Alternatives [V |ALT28 FALLS-355L
24 s M [V |ALT24_FALLS-30SL
25 25KCFS > Pickyear (Select below) | [V [ALT22_FALLS-42MAF
26 C max [V |ALT21_FALLS-31MAF
27 oo ALT26_FALLS42MAF- C 90th [V |ALT16_FALLS-355L-25KCFS
28 952 - 25KCFS C soth  C Mean [V'|ALT27_FALLS-30SL-25KCFS
29 @ 10th [V |ALT26_FALLS-42MAF-25KCFS
30 ALT25_FALL5-31MAF- ¢ min [V [ALT25_FALLS-31MAF-25KCFS
31 25KCFS
- 950CCC.Q_Q‘-‘-‘-‘->~>~Cc———wmn.0.t;ﬁ>>uuu
] 282923388528 532322389306222383 .
34 o-—-mﬁﬁﬁﬁ%mggo«°““"2R8§8N‘3$823 DurationC [ Day Month
35 From 1|Jan
36 Date Pick Yr 19427 To|  31|Dec
37 ) : i - :
4 4 » M| MRRIC Hyd Vis ./~ PORDifferenceChart ,/Data / ChartData , ChartData2 ¥ KN il

10/28/2015

42



ERDC

Engineer Research and

Independent Socio-Economic Review Panel &  oodiemen conter
Government to Government Consultation

ISETR Engagement

» MRRIC selection of 3 national experts in:
B Resource Economics
B Social Science
B Mathematics and Quantitative Modeling

» Evaluated HC Methods/Models document- Sept 2014 & Reviewed
USACE Alternative Development process with MRRIC- 2015

Consultation with Tribes Under Executive Order 13175 (2009)
» Direct engagements to fulfill Trust Responsibilities
» Tribal Working Group for MRRIC




ERDC

Engineer Research and

Development Center
Missouri River Recovery Program/MRRIC

Independent Science Advisory Panel (ISAP)

Effects Analysis

Human Considerations/ISETR

[ EIS Alternative Development ]

Adaptive Management Plan
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M an ag e m ent PI an E I S Engineer Research and

Development Center

Problem Statement:

Develop a management plan that includes a suite of actions that removes or precludes
jeopardy status for the piping plover, interior least tern, and pallid sturgeon, and that

e Complies with the authorization requirements from Section 601(a) of WRDA 1986, as
modified by Section 334(a) of WRDA 1999, and further modified by Section 3176 of WRDA
2007.

e Continues to serve the Missouri River authorized purposes and accounts for human
considerations; and

e Includes an EIS and establishes an AM process for implementing the preferred alternative.

Concurrent Development

A

Selected
Alternative
BA/ESA

ISAP Report &
MRRIC Proposed
Actions

Adaptive
Management
Plan

Effect
Analysis

Management
Plan-EIS

ISAP Recommendations CEMs Alternative formulation Targets

Develop Effects Analysis Synthesis of existing scientific Human considerations Performance criteria
data, information and models metrics M ;

Develop CEMs onitoring and assessment
Management hypotheses PrOACT engagements Raseaich

Evaluate cther programs ; s

) ) Evidence-based hypothesis Assessment of DetiSionR chian
Overarching adaptive assessment benefits/impacts CIsio 2ra

management
Design Monitoring Programs

Identify decision criteria .
4 Potential management
Evaluate entire hydrograph actions 45

Hydrogeomorphic models Covernanss pronoss

Population models
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Pallld Sturg eOn Fram ework Engineer Research and

Development Center

» Provides an organizational framework for actions
» Utllizes adaptive management as an essential component
» Incorporates a phased implementation over a reasonable timeframe

Level 1- Research < - Studies without changes to the system (laboratory
’ 3 % studies or field studies under ambient conditions)
- @
= = @ Z | Implementation of actions at a level sufficient to
Level 2: In-river Testing = é_ﬁﬂ g ,"'_J expect a measurable biological, behavioral, or
’ g oa % physiological response in pallid sturgeon, surrogate
L -c% 2L o |species, or related habitat response.
_ In terms of reproduction, numbers, or distribution,
.8 initial implementation should occur at a level
Level 3° Scaled E’ sufficient to expect a meaningful population
Im Iem-entation 'r:gn response progressing to implementation at levels
P 5 that result in improvements in the population. The
> range of actions within this level is not expected to
—C' o achieve full success (i.e., Level 4).
; S 83
Iézviiféd%lg;?:t:f ‘_35 cgl § Implementation to the ultimate level required to
g i Q ¢ L remove as a limiting factor.
Implementation e %)
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M aﬂ ag em ent PI an ObJ eCt I VeS Engineer Research and

Development Center

Piping Plover Fundamental Objective: Avoid jeopardizing the continued

existence of the piping plover due to USACE actions on the Missouri River.

» Sub-Objective 1 (Distribution): Maintain a geographic distribution of piping
plovers in the river and reservoirs in which they currently occur in both the
Northern and Southern River Regions.

B Means Objective: Meet sub-objectives 2, 3, and 4 in both the Northern and
Southern Regions.

» Sub-Objective 2 (Population): Maintain a population of Missouri River piping
plovers with a modeled 95 percent probability that at least 50 individuals will
persist for at least 50 years in both the Northern and Southern Regions.

B Means Objective (ESH): Provide sufficient ESH (in-channel riverine habitat) on the
Missouri River to meet the persistence target.

B Metric: Number of standardized and available ESH acres measured annually.

B Target: Targets are shown in Table 1-1.

B Timeframe: Median standardized ESH targets (450 acres in the Northern Region;
1,180 acres in the Southern Region) must be met for 3 out of 4 years. Median
available acres must be met or exceeded for the specified percent of years over a
running 12-year interval.

47
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Engineer Research and
Development Center

Management Plan Objectives

» Sub-Objective 3 (Population Dynamics): Maintain a stable or increasing
long-term trend in population size in both regions.

B Metric: Population growth rate (lambda; A): the ratio of population size N between
the current year and previous year (Nt/Nt-1); calculated annually.

M Target: A = 1 (a growth rate greater than or equal to 1).
B Timeframe: The growth rate target must be met as a 3-year running geometric
mean calculated as the cube root of the product of the growth rates for each of the
3 years (i.e., (A1* A2* A3)1/3).
» Sub-Objective 4 (Reproduction): Maintain fledgling production by breeding
pairs sufficient to meet the population growth rate objectives within both the
Northern and Southern Regions on the Missouri River.
B Metric: Fledge Ratio: Number of fledglings observed/(number of breeding
adults/2), calculated annually.
B Target: = 1.14 chicks fledged per breeding pair.
B Timeframe: The fledge ratio target met as a 3-year running arithmetic mean.

Acres of Emergent Sandbar Habitat
Northern Region | Southern Region
2.5%ile | Median | 97.5%ile | 2.5%ile | Median | 97.5%ile
Standardized ESH Acres 190 450 2160 330 1180 4720
Available ESH | 75% 170 270 555 300 430 720
Acres Exceeded for | 50% 420 680 1205 500 740 1550
Percentage of | 25% 960 1920 2670 750 1410 3075 48
Years | 10% 1965 3000 5165 1125 2240 4945
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Pallid Sturgeon Objectives & Metrics Mo

Development Center

MRRP Goal: develop a suite of actions that meets ESA responsibilities for pallid sturgeon
(PS), while continuing to operate the Missouri River System to meet its authorized purposes
i |
FWS Fundamental Objective for Pallid Sturgeon: Avoid jeopardizing the continued
existence of the pallid sturgeon from the USACE actions on the Missouri River.

l 1
Sub-oblective. 1 lncrease pallid Sub-objective 2: Maintain or increase numbers of

t it tt 1 pallid sturgeon as an interim measure until sufficient
e and sustained natural recruitment occurs.

Metric_1.1: catch rates of naturally etric_2.1: population estimates for PS by
produced age 0 and age 1 PS ize class, age (particularly ages 2 to 3) and
rigin

|Metric_1.2: model-based estimates of
abundance of naturally produced age O _Ln

etric_2.2: catch rates of all PS by size class

and age 1 PS using data for age 0-4 fish nd origin (to maintain legacy data)

arget: TBD. Possible targets: 1) A > 1 for PS
ge 2 and older; 2) survival rates of all
ize/age classes sufficient to provide stable
opulation of PS age 2 and older; 3)
cceptable probabilities of persistence and
Target: measurable recruitment ecovery (> 0.95) over 50 years (utilizing

fto age 1 opulation models); and 4) > 5000 self-
ustaining, genetically diverse PS in each
dult population unit.

LVIetric_1.3: model-based estimates of
survival of naturally produced PS to age
1, using data for age 0-4 fish

49



ERDC

Engineer Research and

Management Actions & Altern?t.i{es Development Center

Management Actions ‘ Alternative 1 ‘ Alternative 2 ‘ /Alternative\ ‘ Alternative 4 Alternative 5 Alternative 6
Least Tern and Piping Plover l \
Mechanical ESH Construction X X X \ X X X
Vegetation Management X X X X X X
Predator Management X X X X X X
Human Restriction Measures X X X X X X
Flow Management to Reduce Take X X X X X X
Spring Habitat-Creating Flow Release X
Fall Habitat-Creating Flow Release
Monitoring and Research X X X X X X
Pallid Sturgeon (both Upper and Lower River)
Propagation and Augmentation X X X X X X
Pallid Sturgeon Population Assessment Project X X X X X X
Level 1 and 2* Studies X X X X
Pallid Sturgeon: Upper River
Monitoring and evaluation related to recruitment X X X X X X
Pallid Sturgeon: Lower River
Spawning Habitat Construction X X X X
Early Life Stage Habitat Construction X (SWH) X (SWH) X (IRC) X(IRC) X (IRC) X(IRC)
Spawning Cue Release X X @
Low Summer Flow X \ o
Floodplain Connectivity ‘ I
;;b;;tl-[;i\;zlopment and Land Management on X X X / X X X

Source: USFWS 2003
* Note that some Level 2 studies would require additional NEPA compliance beyond the scope of this'\§IS.
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Scope of Actions in AM Plan relative to Engineer Research anc
EIS & Preferred Alt

/\ Not Immediately Implementable
Universe of Potential > Requires New Decision Document
Management Actions Requires NEPA Evaluation

Guided by AM Plan

Flows Require MM Update

Not Immediately Implementable
Requires New Decision Document
Requires NEPA Evaluation
Flows Require MM Update

Full Suite of Management Actions
Identified in the EA

Management Actions in AM Plan
(i.e. Evaluated in MRRMP/EIS)

Conditionally Implementable
Requires New Decision Document
May Require Supplemental NEPA

Flows Require MM Update

Management Actions in the
Selected Alternative

-5  Fully Implementable




ERDC

Requirements for Action Implementation Engineer Research and

Development Center

MANAGEMENT o wns IT ‘“‘x NEPA PROCESS
ACTIDN |S q:::f EVALUATED IN H:; REQUIRED
NEEDED ~
Issues: ““‘

YES
* Scope of actions in the _Eamss e NO
preferred alt aren’t the same \&%Ei‘fffi B
0 . YES
as the actions referenced in P
SN " NQ NEW DECISION
< RECORD OF /}- DOCUMENT
the AM Plan T-RECsIoN? NEEDED
e Under AM, the scope of YESI |
actions COULD change RIS MODIFY AR
T manuAL MANUAL

T

YES l | |

10 20 30

Full Suite of Management Actions
Identified in the EA

ManagementActions in AM Plan
(i.e. Alternatives in MRRMP/EIS)

Time {yrs): 1
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ngineer Research and
pvelopment Center
Missouri River Recovery Program

Independent Science Advisory Panel (ISAP)

Effects Analysis

Human Considerations

EIS Alternative Development

[ Adaptive Management Plan ]
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Adaptive Management Plan BEE e onior

» Developed concurrently with
MRRMP-EIS

US Army Corps
of Engineersg

maneeresescnans B FOQUIE draft versions shared with
stakeholders and/or ISAP
» QOrganization
Sclence and Adaptive Management Plan B Chl - Executive Summary
Ch2 — Governance

Ch3 - Birds
Ch4 — Fish
Ch5 — Human Considerations
Ch7 — Data & Communications

Monitoring Plans in Appendices
540/680 pgs, respectively

[ERDC/EL TR-18-DRAFT

Draft/Pre-decisional/For Review and Comment May 2018
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SC I e n C e FO U n d a.tl O n Development Center

Upper River Pallid Sturgeon CEM T T T T T T T
Juvenile 1
incependant Mansgement et et pmarymore gt e Drawdown Lake Sakakawea - drift |
Drivers & Restoration pon: Response 28, Demacirun Laks Sk, 48 . . T — —
}
T e S e e e +| Stocking management — genetic diversity |
RETTTrTE »| management and l * 1 T
- ] restoraticn Hyds 1 @rowth and Condition Condition, M ! —
socta1, | Chasent Dydcuniios, sed vachr N == g M ———
1 e rereitics, i | [ .oaiily e .
i =ty ° - — — —
¢ economic = “+ > Channel Charactaristics availability Ui . } . |
{ atives o =L N e = . R b Intake, Cartersville - drift |
: change : - W e . ' o= | . Remove, bypass, Intake, Cartersville - dri
., ] i ynamics N
P | | enginesring and [ = 2 H I "
P | CEM : . Hypot eses [dation
- =l S ! : : rowth
] - : Jortatit i ) :
c‘u.-u: g : Lity I - 1
:‘::. i -1+ Predation b= . }
femters: e aai)_| - | —
e S Resis oty T W | ; .
H - | ; Predators o ’ i) -+ Naturalize Ft. Peck — drift, cue, flow |
Seeeemneeesseenoesn oo = LT ! ' ] — T
I jmmm—}-{| Remove Ft. Peck — drift, spawn, cue, flow |
Numbers of pallids in system, density-related i) o . I -
effects, including effects of stocking H H Uncertainty Tmportance 1 I
e HE
E N"m::mu“" - i Responses Responses )
4 : Less support More support Uncertainty
<+ > ——
/Pntential to implement: )
P fertilizati n N o |o channel for ing habitats
\i{cubation, and hatch?/ o Increase number of adults
: P - - - \ 2 Manipulate fl d/or t ture fi
Table4. Summary of time limits forlevel 3 implementationand s of actions. N /,{v W i e R e o
- — S— — _ N es, . N )
Action Category Time Limit* Minimum Scope Maximum Scope o N\ S . X
Population augmentation Immediate Current avg. stocking rate Variable over time e N Potential to implement:
_ p an free embryos "
IRC habitat development 2 years Add 260K ac-d/yr Add 500k ac-day/yr . survive turbulence? > No—p»0 dilschargesita lowen
Spawning habitat D uoarc¥ 2 enawnind citac Seo decision tree** 2

d to be 1in 3 years

Targets & Decision Criteria fumacmomin | corewons

Spawning cue flows

Decision Trees

be developed and Clransitonfead inthe )
informed by population models and impact \\ <N
assessments** ¥ N (A )
— - - - — — - - - s interception habitat . Potential to implement:
* Anticipated as Level 2 pilot projects focused on developing and evaluating high-quality spawning habitat. Yes . limiting? /v—Ves—>0 PN -
** Spawning habitat implementation will be guided by the decision tree and associated decision criteria as described in the - 4
section below on spawning habitat. ( )
*++ pallid population modeling will be used to set minimum spawning flow needs; bird impacts and status may inform ; = f°7ﬂn?{i,f,‘;';gi"g/ﬁ N P Look for other recruitment failure hypotheses
decisions regarding spawning cue flows below Gavins Point Dam in any particular year. \\\ / C
AN 4 e >
NS Potential to implement:
' > o Reconfigure channel to increase food-
producing and/or foraging habitats

11/18/2015 : 36



Governance Structure: Working Level

Independent Panel

fis )
MRRIC ] [ Agency Leadership (Oversight)

\ J

i Agency Management Team j

q Corps/USFWS

X

Corps/USFWS
Implementation
Staff

----------------

- ————————

———————————

Implementation Level

( Fish Team k.

Corps/USFWS
; Implementation
Staff

/ HC Team\\

Corps/ USFWS
Technical Staff

v — —— ————————

Technical Team

Integrated Science Program

ERDC

Engineer Research and
Development Center
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Engineer Research and

Communication and collaboration among e cene
scientists, managers and stakeholders

MissouRl1 RIVER ADAPTIVE MANAGEMENT ANNUAL GOVERNANCE ACTIVITIES GENERIC* PROCESS MAP Draft for SAMP V7

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAy JunE Jury AUGUST SEPTEMEBER R
5
Draft AOP President’s Budget Final AOP Meetings Draft AOP | /)
Meetings ; Released (USACE & Public) (USACE) /”
(USACE & Public) : : 2

Compilation Fall Science Draft AM AM Final AM Research and monitoring
of Meeting Report Workshop Report results compilation, QA/QC,
Information (_‘?il’d, Fisp, HhC (USACE) (E%i"d; Fis;‘r Hr;:' (USACE) data analysis and evaluation
eams; Tec eams; Tecl Ke ’
(USACE) Team; and ISAP/ Team; and ISAP/ Y (USACE Integratgd Science
ISETR) ISETR) Call/Webinar  Meeting Process Program & Technical Team)
"""""""""""""""""""""""""""""""""" @ >
® % —
Team
Update Calls
Draft Final Flow of input (Bird, Fish, & HC
N Teams)
POTMFR Ny = % NV D —_—
Team (USACE) O
PDT MFR
Break.out (USACE) Document Development Team
Meetings - Process Meeting
(Bird, Fish, Team : Summaries
& HC Breakout | & (LFT)
Teams) Meetings | &
(Bird, Fish, | = ) i
& HC Draft Updates to Final Strategic
Teams) : - Strategitl: Plan(incl.| N\ _ Plan Update
Fall Sci : Execution Plans) (incl. Exec. Plans)
M aﬁ c':nce . H (USACE) Plenary Meeting MRRIC Final (USACE)
e dn$ epor Team : To Review Draft Updates Recommendation on Draft
a“r;] cam Update Calls i AMWorkshop to Strategic Plan (incl. Updates to Strategic Plan
. eeting poTmPR| | (B, Fish, & ! Report and Team Exec. Plans) (incl. Exec. Plans)
ummaries HC Teams) E Meeting (MRRIC, ISAP/ISETR) (MRRIC)
(LFT) (USACE) . Summaries
é (LFT) MRRIC Strategic Plan Recommendation
H Plenary Meeting —or Call— for Final Consensus
: (MRRIC & ISAP/ISETR)
Pl Annual Forum
MRanFe:ﬁ:genarv ————————————————————————————————— Plenary Meeting [~ Color Coding
MRRIC, ISAP/ISETR] 0 - i
(MRRIC & ISAP/ISETR) _.(; : Brown = Annual Operating Plan Process
Draft jation H & Green = Science Update and AM Report Process
on Upcoming Season R jation on U i Red = Strategic Plan (Incl. Execution Plans)
Operations—As Needed Season Operations —As Needed
(MRRIC) (MRRIC) Purple = MRRIC Activities
< o
P>
OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL May JUNE Jury AuGusT SEPTEMBER

This process map depicts the proposed governance activities to be undertaken annually by the US. Army Corps of Engineers (USACE), the U.S. Fish and Wildlife Service (USFWS), and the Missouri River Recovery Implementation Committee (MRRIC) in the implementation of Adaptive
Management (AM) related to the endangered piping plover and pallid sturgeon in the Missouri River. *Adjustments to the timing and details of specific activities may shift from year to year.



Adaptive September October

Management
Annual Cycle

August

\ November

Compiling data and
initial reporting on

preceding year science December
July Finalizing Strategic Plan [RELCUEICIII
revisions;
science/monitoring activity
AM Report
- ! development
Approval of MRRIC and feedback
recommendations on and discussion
strategic plan with Work
Groups on key January

Work Group
development of
recommendations on
Strategic Plan updates

June strategic issues

/ February

May

Draft created by RESOLVE for .
MRRIC consideration, May 2018 April March
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Pallid sturgeon research, monitoring, an bngineer Ressarch ang
evaluation

EA process yields 21 action hypotheses

Recognize 4 levels of implementation:

°* Level 1: foundational science

* Level 2: field experimentation

°* Level 3: initial implementation -> population response
° Level 4: full implementation

Science components address level 1 and level 2

* 74 components, 2016 - 2032

Levels 2-4: Hypothesis-drive