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PRRIP — ED OFFICE FINAL

10/01/2019

PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM (PRRIP or Program)
2019 ADAPTIVE MANAGEMENT PLAN (AMP) REPORTING SESSION

Tuesday, October 08, 2019 — 9:00 AM — 5:00 PM
Wednesday, October 09, 2019 — 9:00 AM — 5:00 PM

Thursday, October 10, 2019 — 8:00 AM — 12:00 PM (ISAC & EDO only)

Note: All times Central.

Meeting Location:
Hilton Garden Inn Omaha
1005 Dodge Street
Omaha, NE 68102
(402) 341-4400

e Agenda and logistics
o AMP Reporting Session objectives & overview

Start Time TUESDAY, OCTOBER 08, 2019 Document # -
(Duration) Session Content Document
Welcome and Administrative
Chad Smith, DED
9'?_2?)'\/' e Introductions 00 — Agenda

Session #1 — PRRIP Updates

Purpose: updates on the status of PRRIP administration; Land Plan and Water Plan implementation;
and target species monitoring.

PRRIP Administration & Land Plan Update (:45)

Jason Farnsworth, ED

e Extension legislation, timeline, priorities heading into the
Extension

e Current PRRIP land holdings and management activities

e New 1,500 acres in Extension

01 — Admin &
Land Plan Update
Presentation

02 — Water Plan

9:15 AM Water Plan Update (:45) Update
(1:30) Seth Turner/Kevin Werbylo/Scott Griebling, EDO Presentation
e Water Plan update (Kevin/Seth)
e 2018-2019 Annual Flow Summary (Scott) 03 — Annual Flow
Summary
Discussion Questions: Presentation
1) Are we accurately accounting for Program land and water
resources in a way that can translate into their use in the Adaptive
Management Plan (AMP)?
10:45 AM
(:15) BREAK

2019 PRRIP AMP Reporting Session Agenda
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PRRIP — ED OFFICE FINAL 10/01/2019
Whooping Crane Monitoring
Mallory Jaymes, EDO
e 2018-2019 Whooping Crane monitoring update 04 — WC
Tern and Plover Monitoring Pﬁﬂe(;rg;(igggn

Kari Mohlman, EDO
e 2019 Tern and Plover monitoring update

05 — Tern/Plover

11:00 AM Monitoring
(1:30) Band Resighting & Predator Monitoring Studies Presentation
Kaley Keldsen, EDO
e 2019 Band Resighting Update Og— Tem’g'ogef
e 2017-2019 Tern and Plover Predator Camera Studies updates ancjepr:at;u y
. . . Presentation
Discussion Questions:
1) Are we missing any key resources or metrics from our monitoring
protocols?
12'(?:?05)'\/' Lunch (brought in)

Session #2 — PRRIP State of the Platte

Purpose: review of the 2019 State of the Platte, Summary of Learning from the First Increment and Big
Question assessments.

1:00 PM
(2:00)

2019 State of the Platte

Chad Smith/Dave Baasch/Patrick Farrell/Tom Smrdel, EDO

e Big Question table

e Summary of Learning, 2007-2019

e Highlight — Big Question #2: channel width, vegetation, flow
e Highlight — Big Question #3: sediment augmentation

e Highlight — Big Question #9: pallid sturgeon next steps

e Highlight — Big Question #10: system/species response

ISAC Recommendation, February 2019:

“Complete the State of the Platte Report for the First Increment (to be
completed in 2019), providing a summary of what’s been learned
during the First Increment for each Big Question, with more detail on
the still unresolved Big Questions (BQ 3, BQ9, BQ10). This will
provide a large part of the scientific basis for new target flows.”

Discussion Questions:

1) Does the 2019 State of the Platte capture what the ISAC
envisioned for summarizing learning from the First Increment?

2) Based on First Increment learning, what is the logical jumping off
point for next steps with adaptive management in the Extension?

3) Do TAC and ISAC members have any suggestions for how to
improve presentation of material in the State of the Platte in 2020
and beyond?

07 — 2019 State of
the Platte &
Presentation

3:00 PM
(:30)

BREAK

2019 PRRIP AMP Reporting Session Agenda
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Session #3 — AM in the Extension

Purpose: review aspects of work completed to date by the Adaptive Management Working Group (AMWG)
and Executive Director’s Office (EDO) setting direction for AM in the Extension.

3:30 PM
(1:30)

Extension AM

Chad Smith, DED/Jason Farnsworth, ED

e Update on process, flow related management actions, target
flows

o Review of CEMs

e Review of current Big Questions

ISAC Recommendations, February 2019:

“Include a section of the State of Platte Report which summarizes
what has been learned in the form of conceptual models of the three
bird species, pallid sturgeon and their habitats. To help set the stage
for an examination of target flows, these conceptual models should
be organized around the life cycle of each species when present in
the Central Platte, showing what flows and other actions are required
to support the species, their prey and their habitats in dry, average
and wet years.”

“Use items a through d to identify additional Big Questions and
hypotheses for the revised AM Plan. The revised AM Plan should be
short and modular, so it's easy to update over time. Restrict
hypotheses to those that are actually testable.”

Discussion Questions:

1. Do the revised conceptual ecological models (CEMSs) represent a
current understanding of knowledge related to management
actions, river responses, and target species responses?

2. Do the draft set of Big Questions capture the major uncertainties
from the CEMs? What are we missing?

3. Are there any additional aspects of flow and flow management
actions that need to be explored through adaptive management
during the Extension?

08 — Draft
Extension AMP &
Presentation

5:00 PM

6:30 PM

Wrap-Up & Adjourn

Group Dinner @ TBD

15

2019 PRRIP AMP Reporting Session Agenda
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PRRIP — ED OFFICE FINAL

10/01/2019

PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM (PRRIP or Program)
2019 ADAPTIVE MANAGEMENT PLAN (AMP) REPORTING SESSION

Tuesday, October 08, 2019 — 9:00 AM — 5:00 PM
Wednesday, October 09, 2019 — 9:00 AM — 5:00 PM

Thursday, October 10, 2019 — 8:00 AM — 12:00 PM (ISAC & EDO only)

Note: All times Central.

Meeting Location:
Hilton Garden Inn Omaha
1005 Dodge Street
Omaha, NE 68102
(402) 341-4400

e Agenda and logistics

Start Time WEDNESDAY, OCTOBER 09, 2019 Document # -
(Duration) Session Content Document
Welcome and Administrative
9:00 AM Chad Smith, DED 00 — Agenda
(:15) e Introductions

Session #4 — Tools & Modeling for AM

Purpose: to introduce tools developed thus far by the EDO when considering potential Program flow
management actions, predictive capabilities, use in comparing predictions versus reality, and in
operation of Program water projects.

Models & Tools
Patrick Farrell/Scott Griebling/Tom Smrdel, EDO
e Overview of approach (Patrick)

09 — Combined
Read-Aheads for
Tools & Modeling

Session

10 — Overview
Presentation

) e 2-D modeling applications and limitations (Tom)

9(5512)'\/' e Flow scenarios and operations model (Scott) 11 - 2-D Modeling

: o Demsop Tree Model (Patrlc.k) ' Presentation

o Application of tools for possible flow management scenario
12 — Flow

Scenarios &
Operations Model

BREAK Presentation

10:45 AM (:15)
2019 PRRIP AMP Reporting Session Agenda 4|Page
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ISAC Recommendations, February 2019:

“Use the above items (if supported by the GC’s decisions) to develop
an approach for target flows for all four PRRIP species, incorporating
geomorphology, differentiating based on water year, and performing
comparisons with both the historical and potential future hydrographs
expected in dry, average and wet water years. Organizing species’
flow needs by month (or finer time scales) is a critical step prior to
examining flow tradeoffs among species.”

“Rethink both the target flows themselves, and the method of
accounting, so as to maintain flow variability (e.g., average flow over
a certain period needs to be = X cfs, but should be variable, rather
than constantly at X; or using a preferred distribution of flows within
each water year to inform water management decisions).”

“Use above items to develop alternative actions for the extension of
the First Increment that builds on items a through g, and recognizes
the use of money, water and land for each species (example shown in
Table 1).”

Discussion Questions:

1) Are the assumptions and level of complexity underlying these
tools accurate and do they provide a robust means of developing
and assessing flow scenarios?

2) These tools are fairly coarse in terms of their use for decision-
making. Do we need to go deeper (for example, river sub-
reaches)?

3) What flow scenarios and potential flow management actions
should we consider for evaluation purposes?

13 — Decision
Tree Model
Presentation

12:30 PM
(:30)

Lunch (brought in)

Session #5 — Deeper-Dive Questions for the ISAC

Purpose: to provoke deeper thinking from the ISAC on critical issues, and to stimulate discussion
between the ISAC, TAC, and EDO.

2019 PRRIP AMP Reporting Session Agenda
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1:00 PM
(3:00)

Deeper-Dive Questions
Chad Smith, DED

Discussion Questions:

1) The GC directed the Program to use adaptive management in the
Extension to explore issues related to flow, river form and function,
and target species. Are we building a rigorous AM approach to the
right questions, and to questions that would benefit from reducing
uncertainty for the purposes of decision-making?

2) As we develop a revised AMP for the Extension, how should we
set priorities among outstanding uncertainties and key testable
hypotheses?

3) Are the current management objectives in the Program’s AMP an
adequate means of assessing progress and communicating with
the GC about Program success or failure?

4) How do your experiences in other systems (e.g. Missouri River)
inform what we should be thinking about in designing flow
management actions to learn and reduce uncertainty (i.e.
“experimental design”)?

BREAK
2:30 PM (:30)

5) How do we address the issue of whether the GC needs to invest
in acquiring and managing an additional 10,000 acre-feet (go from
120,000 acre-feet to 130,000 acre-feet) of water?

6) How does the ISAC suggest we revise/re-organize the stage
change study relative to an expert elicitation and the potential
habitat/use questions we might address if we can detect Program
flow management actions in the lower Platte?

7) How do aspects of morphology, flow detection, etc. influence the
Program’s ability to have an effect on pallid sturgeon habitat and
use in the lower Platte River?

8) Should the Program consider undertaking predator
trapping/strobe light experiments beginning in 2020 to increase
productivity or are their other measures that should be
considered first? If so, is the experimental design robust enough
to capture differences in productivity or should another design be
considered?

14 — Read-Ahead
for Deep-Dive
Question #8

4:00 PM
(1:00)

Session Synthesis

Chad Smith, DED

o Key lessons learned from our two days in Omaha

e Important directions for AM in the Extension

e Focus for ISAC in reporting to Governance Committee (GC)

5:00 PM

6:30 PM

Wrap-Up & Adjourn

ISAC Dinner @ TBD

30

2019 PRRIP AMP Reporting Session Agenda
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PRRIP — ED OFFICE FINAL SR, 10/01/2019

PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM (PRRIP or Program)
2019 ADAPTIVE MANAGEMENT PLAN (AMP) REPORTING SESSION

Tuesday, October 08, 2019 — 9:00 AM — 5:00 PM
Wednesday, October 09, 2019 — 9:00 AM — 5:00 PM
Thursday, October 10, 2019 — 8:00 AM — 12:00 PM (ISAC & EDO only)
Note: All times Central.

Meeting Location:
Hilton Garden Inn Omaha
1005 Dodge Street
Omabha, NE 68102
(402) 341-4400

Start Time THURSDAY, OCTOBER 10, 2019 Document # -
(Duration) Session Content Document

Welcome and Administrative

8:00 AM Chad Smith, DED/Dave Marmorek & David Galat, ISAC Co-Chairs
(:15) e Introductions

e Agenda and logistics

00 — Agenda

ISAC/EDO Discussion
e 2019 State of the Platte

8(%’54';‘)'\/' e AMin the Extension
' o Deeper-dive discussion questions
e |SAC 2020 workplan and budget
12:00 PM Wrap-Up & Adjourn

2019 PRRIP AMP Reporting Session Agenda 7|Page
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State of the Platte

Adaptive Management Plan (AMP)
2019 “Big Question” Assessments*
September 20, 2019

*First Increment summary updated primarily with 2007-2018 data.
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INTRODUCTION

The Platte River Recovery Implementation Program'’s (“Program” or “PRRIP") Executive
Director’s Office (EDO) developed this document for the Governance Committee (GC).
It is intended to serve as a synthesis of Program monitoring data, research, analysis,
and associated retrospective analyses to provide important information to the GC
regarding key scientific and technical uncertainties. These uncertainties form the core
structure of the Program'’s Adaptive Management Plan (AMP) and are directly related
to decisions regarding implementation of management actions, assessment of target
species’ response to those management actions, how best the Program can spend its
resources (money, land, water, etc.), and ultimately the success or failure of the Program.

A quick reference assessment for each of ten Big Questions is provided in Table 1,
followed by an assessment write-up for each Big Question. Each assessment includes
information noting any updates or changes from previous State of the Platte reports.
This document contains endnotes to identify key documents or data sets that are
important to read and understand when reviewing this report. Those endnotes include
hyperlinks to information available in the Public Library section of the Program'’s web
site.

KEY OBSERVATIONS AND PROGRESS

The 2019 State of the Platte Report includes assessments incorporating Program data
primarily from years 2007-2018. Eight of ten Big Questions are answered conclusively,
one (#3) is trending in a direction that will affirm or reject important hypotheses, and
one question (#9) will be addressed by the GC during the AMP update process to be
implemented during the First Increment Extension (2020-2032).

TERN AND PLOVER HABITAT AND USE

Implementation of short-duration high flow (SDHF) releases as currently envisioned will
not create and/or maintain in-channel islands suitable for use and productivity for terns
and plovers. In 2015 and 2016 the Program completed a Structured Decision Making
(SDM) process to determine how to proceed with creating tern and plover habitat
within the Associated Habitat Reach (AHR). Based on the SDM process, the GC
completed the final “Adjust” stage of adaptive management and decided to maintain
10 acres of on-channel moving complex approach (MCA) islands and to create an
additional 60 acres of off-channel nesting habitat.

WHOOPING CRANE HABITAT AND USE

Based on the findings of habitat selection analyses and related synthesis, the Program
should continue management actions that provide unobstructed channel widths
(UOCWs) for whooping cranes that are 2650 ft and unforested corridor widths that are
>1,100 ft. Implementation of SDHF releases as currently envisioned will not create
and/or maintain suitably-wide UOCW for whooping cranes. Mechanical methods such
as disking and herbicide application at Program habitat complexes will create and

S5|Page

maintain suitably wide UOCWs, though these management actions do not have the
system-scale beneficial effects of natural flow events.

FORAGE AND TERN/PLOVER PRODUCTIVITY

Data analyses and syntheses indicate there is no relationship between flow and tern
productivity and there is no evidence the forage base along the central Platte River
limits tern and plover productivity. These same analyses and syntheses do not support
Program summer flow releases to maintain the current 800 cubic feet per second (cfs)
target for a diverse forage base for terns.

GLOSSARY OF ACRONYMS

ACRONYM DEFINITION

AFY Acre-feet per Year

AHR Associated Habitat Reach

AMP Adaptive Management Plan

AMWG Adaptive Management Working Group
BQ Big Question

CfS Cubic Feet per Second

EDO Executive Director’s Office

FSM Flow-Sediment-Mechanical

GC Governance Committee

ISAC Independent Science Advisory Committee
LTPP Least Tern and Piping Plover

MCM Mechanical Creation and Maintenance
NF Nearest Forest

PRRIP or Program Platte River Recovery Implementation Program
SDHF Short-Duration High Flow

SoPR State of the Platte Report

TAC Technical Advisory Committee

USFWS United States Fish and Wildlife Service
Uocw Unobstructed Channel Width

WAP Water Action Plan

WC Whooping Crane

2019 STATE OF THE PLATTE






Summary of Key Learning from AMP
Version 1.0 and the First Increment

As the Program prepares to begin the Extension, a review of implementation
of AMP Version 1.0 during the First Increment reveals several key learning

observations:

v’ Attempts to implement the flow-sediment-mechnical (FSM) management
strateqy have generally produced poor results.

(¢]

SDHEF (5,000-8,000 cfs for three (3) days at Overton, NE) is highly
unlikely to create or maintain suitable least tern and piping
plover nesting habitat or whooping crane roosting habitat.
While unlikely to produce the hypothesized results, the
Governance Committee (GC) has committed to implementing at
least one SDHF release during the Extension.

Flow consolidation is not feasible due to legal and permitting
constraints.

A sediment deficit exists in the south channel downstream of the
J-2 Return. Five to seven years of full-scale sediment
augmentation are necessary to assess efficiency and
effectiveness in preventing downstream migration of incision
and narrowing.

First Increment learning occurred largely through natural flow
events as the Program was unable to implement a true SDHF
and was not able to conduct flow consolidation actions.

v Implementation of the mechnical creation and maintenance (MCM)
management strateqy has produced mixed results.

@)

Suitable on-channel whooping crane roosting habitat can be
mechanically created and maintained on Program (or other
managed) lands but off-channel palustrine wetland roosting
habitat is not a viable alternative to on-channel habitat due to a
lack of potential restoration sites and costs associated with the
creation of new wetland sites.

Off-channel tern and plover nesting habitat can be created and
maintained using a variety of methods but on-channel nesting
habitat is difficult to construct and erodes quickly.

1 Sediment augmentation is also a component of the MCM strategy.

6|Page

The target species are responding to the implementation of Program
management actions.

o

Least tern and piping plover populations in the AHR have
increased significantly and proportionately to increases in
habitat availability due to Program off-channel habitat creation
efforts. Productivity on off-channel habitats has been sufficient
to maintain stable to growing subpopulations.

Based upon available data, least tern and piping plover
productivity is insensitive to river flow. Periods of low flow have
not reduced productivity due to a limitation in forage
availability.

Whooping crane use of the AHR has increased significantly and
proportionally to increases in habitat suitability that are in part
due to Program management actions.

Learning related to pallid sturgeon and the Program has been limited.

@)

Translation of Program flow management actions from the
central Platte to the lower Platte is difficult to detect and thus
difficult to relate to effects on habitat and species response.
Significant uncertainty relating to the life history of pallid
sturgeon on the lower Platte (use, productivity, recruitment) has
limited the ability of the Program to develop a clear set of
testable hypotheses, management actions, monitoring
protocols, and a plan for data analysis and synthesis.

2019 STATE OF THE PLATTE





INDEPENDENT SCIENTIFIC ADVISORY
COMMITTEE (ISAC) COMMENTS ON
THE 2019 STATE OF THE PLATTE

REPORT

This report was discussed with and reviewed by the Program'’s ISAC in 2019.

The ISAC provided the following comments on the 2019 State of the Platte:

7|/Page
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To assist the GC with quickly evaluating the 2019 Big Question assessments, the icons
in Table 1 are used to visually summarize the basic conclusion for each question.
Thumbs up or down indicate a trend in the affirmative or negative and may point to
the need to re-evaluate management actions based on collected data and analysis. The
“unknown character” is used when there is not enough evidence to indicate a trend in
either direction or more time is needed to collect appropriate data and conduct
analyses. These icons are intended to provide the GC with a quick visual means to see
where the Program stands each year in moving towards resolution of the Program'’s
most significant scientific questions as they relate to management decision-making.

Each Big Question assessment includes an indicator of the “test results” for relevant
priority hypothesis. Hypothesis Test Results are indicated as one of the following
categories:

Hypothesis answered conclusively — affirmed.

Hypothesis answered conclusively — rejected.

<)

Hypothesis not yet answered — ongoing implementation, analysis,
and synthesis.

Not currently being addressed through implementation of the AMP
and related data analysis and synthesis.

See Appendix A for a more detailed status report for each priority hypothesis in the
AMP.

8|Page

TABLE 1. Quick Reference legend explaining icons used to assess Big

Questions.

[lcon | TrendorAnswerExplainedbylcon |

e Big Question and underlying hypotheses answered
conclusively in the affirmative

e Foundational documents, analysis, and other references on
which this assessment is based have undergone peer review

e'q through the PRRIP peer review process and/or publication in
refereed journals

e Governance Committee should consider adjustments to
decisions related to PRRIP management actions

e  Affirmative answer or trend, but Big Question and underlying
hypotheses NOT answered conclusively

e Assessment can be based on draft documents and analysis,

< but peer review and/or publication may be pending

e To the extent possible, consider what information is necessary
to change this designation

e Evidence thus far is inconclusive; no affirmative or negative
answer/trend to Big Question and underlying hypotheses

E e Assessment can be based on draft documents and analysis,

but peer review and/or publication may be pending

e To the extent possible, consider what information is necessary
to change this designation

e Negative answer or trend, but Big Question and underlying
hypotheses NOT answered conclusively

' e Assessment can be based on draft documents and analysis,
but peer review and/or publication may be pending

e To the extent possible, consider what information is necessary
to change this designation

e Big Question and underlying hypotheses answered
conclusively in the negative

e Foundational documents, analysis, and other references on

DD which this assessment is based have undergone peer review

. through the PRRIP peer review process and/or publication in
refereed journals

e Governance Committee should consider adjustments to
decisions related to PRRIP management actions

2019 STATE OF THE PLATTE





TABLE 2. Big
PRRIP Big Question

Question assessments, PRRIP First Increment (2007-2019).

First Increment Assessment

Implementation — Program Management Actions and Habitat

Basis for Assessment

1. Will implementation of SDHF produce suitable tern and plover riverine ¢ ' ' Conclusively answered
nesting habitat on an annual or near-annual basis? L X '
2. Will implementation of SDHF produce and/or maintain suitable whooping { ' { ' Conclusively answered
crane riverine roosting habitat on an annual or near-annual basis? L X '
Trending positive and certainty about the sediment
deficit in the south channel above the Overton
bridge; uncertainty about the role of that deficit in
3. Issediment augmentation necessary for the creation and/or maintenance ! habitat creation and maintenance in the rest of the
of suitable riverine tern, plover, and whooping crane habitat? Q AHR. This Big Question will either be retained in its
current form or revised and addressed through
implementation of AMP Version 2.0 during the
Extension.
4. Are mechanical channel alterations (channel widening and flow
consolidation) necessary for the creation and/or maintenance of suitable el Conclusively answered.
riverine tern, plover, and whooping crane habitat?
Effectiveness — Habitat and Target Species Response
5. Do wh_oopmg cranes sel_ect_ _sunable riverine roosting habitat in { " ' Conclusively answered.
proportions equal to its availability? ( (
6. Does availability of suitable nesting habitat limit tern and plover use and ! : Conclusively answered
reproductive success on the central Platte River? era! ’
7. Are both suitable in-channel and off-channel nesting habitats required to £ ' £ ' .
Lo ) . L L Conclusively answered.
maintain central Platte River tern and plover populations? { {
8. Does fo_rage availability limit tern and plover productivity on the central { " ' Conclusively answered.
Platte River? { {
. This Big Question will either be retained in its
9. Do Program flow management actions in the central Platte River avoid 2 current form or revised and addressed through
adverse impacts to pallid sturgeon in the lower Platte River? implementation of AMP Version 2.0 during the
Extension.
LTPP Off-Channel
. . i i Habitat Species Response
10. Do Program management actions in the central Platte River cumulatively obed e ed

1) produce detectable changes in the physical environment (i.e. habitat)
and 2) result in a detectable increase in tern, plover, and whooping crane
use of the Associated Habitats?

WC On-Channel
Habitat Species Response
[ [ S Wi

Conclusively answered.

9|Page
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

2019 A t b ke

i i ssessment .

Bl_g Q_ueStlon #1 ) . e  Observational studies of natural high flow events since 2007 have provided
Will |mplementat|on of Short-Duration ngh Flow sufficient data to test the hypothesis that SDHF releases will create suitably-high

releases produce suitable tern and plover riverine sandbars.

. . _ P e  Full SDHF magnitude of 8,000 cfs is not sufficient to create sandbars exceeding
nesting habitat on an annual or near-annual basis* the PRRIP's minimum height suitability criterion.

e Sandbars created by SDHF releases will be inundated during the nesting season
The minimum sandbar height suitability criterion is 21.5 ft above 1,200 cfs river stage. in most years.
e  Peak flow magnitudes of 15,000 cfs will produce sandbars meeting the minimum
height criterion. However, suitably high sandbar area would be well below the
AMP objective of 10 acres per river mile.

2,500 75
16,000 ® 2015:43,0
15,000 —
14,000 2,000 60
13,000 o
=
on
12,000 2008: 0,0 < .
Z1,000 ] 2011: 0,1P 2 g
10,000 2013: 02T ° £ 1,500 45 3
£09,000 o Q00 ¢ §
% 8,000 SDHF. 2010: 0,0 § £
= ® 2014:0,0 3 =]
A 7,000 < 1,000 30 §
—4 6,000 —_ ‘
ES’OOO ® 2007:0,0 ‘go O
? ® 2017:0,0 ; ; <
4,000 20180l ) A\tm of suitable habitat o~
3,000 » o 201270 T £ 500 15
2,000 | 2009:0,0 Nests initiated: S
13000 T - tern
0 P - plover o 1 I 0
10,000 100,000 1,000,000 10,000,000 0.00.20406081012141.61.820222426283.032343.63840
Event Volume (ac-ft) Sandbar Height above 1,200 cfs Stage (ft)
Figure 1. First Increment peak flow event magnitudes and volumes in relation Figure 2. Distribution of emergent sandbar area produced during the 2015
to SDHF. Six events (2008, 2010, 2011, 2013, 2015, and 2016) exceeded SDHF peak flow event in the portion of the AHR downstream of Kearney. The 15,000
magnitude and duration and only the extreme event in 2015 produced any cfs event produced 43 cumulative acres (line) of sandbar habitat exceeding
suitably high sandbar nesting habitat (see Figure 2). the minimum height suitability criterion of 1.5 ft above 1,200 cfs stage. Median

height of bars was 1.6 ft above 1,200 cfs stage.
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

What the science says in 2019:

e The original analysis of SDHF performance assumed sandbars build to the water Priority Hypothesis Results
surface during peak flow events. The median height of sandbars formed during
natural high flow events in 2010, 2011, 2014, and 2015 was 1.2 — 2.3 ft below peak Flow #1 v
stage.’

e Five peak flow events (2008, 2010, 2011, 2013, and 2016) that exceeded SDHF Relationship to Big Question #1
magnitude and duration did not produce sandbar habitat exceeding the minimum Based upon the SedVeg model and
height criterion (Figure 1). associated assumptions in the FSM

management strategyi, it is
hypothesized that under a balanced
sediment budget, flows of 5,000 to
8,000 cfs magnitude for three days
(SDHF) will build sandbars to an

| elevation that is suitable for tern and
plover nesting. The Program’s
minimum height suitability criterion is
1.5 ft above 1,200 cfs river stage and
represents the minimum height thought
necessary for nest initiation.

e A natural high flow event of 15,000 cfs in 2015 produced sandbars exceeding the
minimum height criterion. The median height of sandbars formed in 2015 was 1.6
ft above 1,200 cfs stage (Figure 2).

e Approximately 43 acres of mid-channel bar area >1.5 ft above 1,200 cfs stage were
present in the portion of the AHR downstream of Kearney in November of 2015
(Figure 2). This equates to 0.8 acres per river mile.

We estimate with confidence that:

e  SDHF magnitude of 5,000 to 8,000 cfs for a duration of three days at peak would
not be sufficiently long to mobilize the bed and produce suitable sandbar nesting
habitat.

e Sandbars created by a full SDHF magnitude of 8,000 cfs would be 0.5 — 1.0 ft lower
than the minimum height criterion and would be inundated at flows experienced
in the AHR during most nesting seasons.

e  Peak flow magnitudes of 15,000 cfs will produce sandbars exceeding the minimum
height criterion given sufficiently long duration at peak.

e Even at a discharge magnitude of 15,000 cfs, total suitable sandbar area would be
well below the AMP objective of 10 acres per river mile.

Answering BQ #1 during the First Increment

e Six tern/plover habitat synthesis chapters and associated publications serve as the
best source for synthesized reference data for this question. Those chapters have
been peer reviewed and accepted by the Governance Committee? and three of
those chapters have been published.

e Geomorphic and species monitoring data collected through 2018 are consistent
with and support the analyses and conclusions presented in the synthesis chapters
and associated publications.

Management Implications:

e Big Question #1 has been answered with a definitive “two thumbs down.” The
Governance Committee completed the final "Adjust” stage of adaptive
management and decided to maintain 10 acres of on-channel moving complex
approach (MCA) islands and to create an additional 60 acres of off-channel nesting
habitat.
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

Blg Question #2 e  Mature phragmites plants or plant patches have a very low probability of being
. . . . . eroded at the highest flow magnitudes and velocities observed in the AHR. A
Will implementation of Short-Duration High Flow herbicide control program is ongoing.’
releases pI’OdUCG and/or maintain suitable Whooping e Program analyses strongly support the assertion of a positive relationship
crane riverine roosting habitat on an annual or near- between peak flow magnitude and unobstructed channel width (UOCW) in the
annual basis? AHR. 40-day mean peak discharge is the best hydrologic predictor of UOCW.
’ Channel maintenance following these high, long duration flow events appears to
be driven by other factors (i.e., summer flows, etc.)
Channels with unobstructed channel widths >650ft and unforested corridor widths e The comparatively short duration and low volume of SDHF limits the predicted
21,100ft are highly suitable for whooping crane roosting. See Big Question 5. increase in in UOCW to <12 ft. SDHF duration is not sufficient to maintain UOCWs
that are suitable for whooping crane roosting.
{ '.' L ‘.' e  Disking during most years in combination with herbicide application will produce
. 4 suitably wide UOCWs. However, the beneficial effects of these management

2019 Assessment .
actions are limited to locations where they are applied.
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Figure 4. Modeled relationship between 40-day mean peak discharge and UOCW with
spraying but no channel disking. The 40-day mean peak discharge for a full SDHF
release is approximately 1,300 cfs (), resulting in a predicted UOCW of less than 400 ft.
UOCWs of ~650 ft are highly suitable for whooping crane roosting.>'

Figure 3. Observed versus predicted median unobstructed channels widths (UOCW) in
the AHR during the period of 2007-2018. The UOCW model provides good predictive
capacity for evaluating the efficacy of SDHF releases prior to large flood events such as
occurred in 2015; however, there appears to be an additional driver (e.g., growing
season flows, etc.) for maintaining channel widths once channels are wide.

12|Page 2019 STATE OF THE PLATTE





IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

What the science says in 2019:

Phragmites occurrence and percent cover declined significantly during the period
of 2009-2012 and were slightly increasing to stable in more recent years. The
reduction is positively correlated with herbicide application and not correlated with
peak flow magnitude or inundation duration.*

40-day mean peak discharge is the best hydrologic predictor of UOCW in the AHR.
Other metrics useful in predicting UOCW include bankfull wetted width, median
bed material grain size, and whether spraying or disking occurred.’

Predictions of mean 2007-2018 UOCW in the AHR based on these metrics are, on
average, within 16% of observed, indicating good predictive ability. However, since
the high-flow event in 2015, it appears other drivers (e.g., growing season flow,
etc.) may influence the maintenance of unobstructed channel widths.

We estimate with confidence that:

Implementation of a three- to five-day SDHF will have a minimal influence on
UOCW in the AHR during years SDHF releases could have been made would have
resulted in <12 ft increase in the maximum unobstructed width within a year, but
the effect would not carry over to subsequent years due to vegetation
encroachment.

The limited benefit of SDHF is not sufficient to produce suitably wide UOCWs
during dry years.

During wet years, flow releases are not necessary to produce suitably wide UOCWs.
Implementation of disking and herbicide increases UOCW by an average of 126 ft,
producing suitably wide UOCW.

Mechanical management actions like disking and herbicide application do not
provide the system-scale beneficial effects of natural peak flow events.

Answering BQ #2 during the First Increment

The Program has published directed scour research which serves as the best source
for synthesized reference data for phragmites scour resistance.3

The Program’s whooping crane data synthesis chapters and associated
publications serve as the best source for synthesized reference data for the
relationship between SDHF and unvegetated channel width. Those chapters have
been peer reviewed and accepted by the Governance Committee® and have
subsequently been published.

Management Implications:

Implementation of SDHF releases as currently envisioned is highly unlikely to
create and/or maintain suitably wide UOCWs for whooping cranes.
Implementation of disking and herbicide application at Program habitat complexes
will create and maintain suitably wide UOCW:s for whooping cranes.
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Priority Hypothesis

Flow #3

Flow #5 v
Relationship to Big Question #2
Based upon the SedVeg model and
associated assumptions in the FSM
management strategyi, it is
hypothesized that under a balanced
sediment budget, flows of 5,000 to
8,000 cfs magnitude for three days
on an annual or near annual basis
(SDHF) will increase the average
width of the vegetation-free channel
to a width that is suitable for
whooping crane roosting.
Unobstructed channel widths = 500 -
700 are highly suitable for whooping
crane roosting (see BQ 5).
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

Big Question #3 2019 Assessment &

: : : e The south channel reach from the J2 Return to the Overton bridge is incising and
Is Sedlme.nt augmentatlo.n nece_ssaw for the creation narrowing due to the sediment imbalance from clear water hydropower returns.
and/or maintenance of suitable riverine tern, plover and Downstream from Overton, the large degree of spatial and temporal variability in
WhOOping crane habitat? channel form makes it difficult to draw conclusions about sediment balance.

e South channel degradation has resulted in a portion of that reach transitioning
from a wide braided planform to a narrow wandering planform, which is less
suitable for use by the Program’s target species.

e Augmentation of sediment in the south channel is necessary to slow incision and
narrowing and prevent degradation from progressing downstream past the
Overton bridge.

e |t will be challenging to measure the effectiveness of augmentation given the
desired beneficial effect is slowing and ultimately halting a long-term
degradational trend to prevent degradation downstream of the Overton bridge.
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Figure 3. 2009 to 2014 longitudinal profile and volume change for the reach from J2 Return to Overton bridge. Volume change in the
reach immediately downstream of the J-2 Return is caused by channel incision. Futher downstream, volume change is due primarily to
channel widening.
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

What the science says in 2019:

Sediment transport modeling indicates a mean annual sediment deficit of 55,000
tons in the south channel segment extending from the J2 Return downstream to
the Overton bridge, ranging from 0 tons in dry years to >100,000 tons in wet years.®
Between 2009 and 2014, that reach lost an average of 159,000 tons of sediment
annually due to incision and lateral erosion of banks.”

Incision and associated reduction in channel slope was greatest immediately
downstream of the J2 Return and was negligible at the Overton bridge (Figure 3).
Full-scale sediment augmentation will not be 100% efficient. A proportion (~10%)
of the augmentation material will either be too coarse to be mobilized from the
augmentation site or so fine that it is rapidly transported out of the reach.

We estimate with confidence that:

Observed incision in narrowing and associated planform change in the south
channel result in a channel configuration that is not suitable for use by the
Program'’s target species.

In absence of augmentation to offset the south channel deficit, incision and
narrowing would progress downstream past the Overton bridge and negatively
affect habitat suitability at the Program’s Cottonwood Ranch complex.
Augmentation of 60,000 to 80,000 tons of sand annually downstream of the J2
return is sufficient to allow the Program to evaluate augmentation efficiency.
Measuring augmentation effectiveness will require assessment of changes (or lack
thereof) in channel slope, volume, width, and bed material. It may be challenging
to quantify beneficial effects.

Answering BQ #3 during the First Increment

The existence and negative impacts of a sediment deficit downstream of the J2
Return has been well documented by the Program and others.

The effectiveness of sediment augmentation in offsetting the deficit and halting
degradation is not known.

Full scale operations began in the fall of 2017 and it is anticipated that five to seven
years of implementation and response monitoring will be necessary to assess
augmentation efficiency and effectiveness.

Management Implications:

If the south channel sediment deficit persists, incision and narrowing will progress
downstream past the Overton bridge, negatively influencing habitat suitability in
an increasingly larger portion of the AHR.

Full scale sediment augmentation is effective in halting the long-term trend of
incision and narrowing. The beneficial effects of augmentation need to be assessed
through five to seven years of implementation and effectiveness monitoring that
will include biannual bathymetric LiDAR collection and analysis.
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Priority Hypothesis Results

Sediment #1

Relationship to Big Question #3

Based on the SedVeg model and
associated assumptions in the FSM
management strategy, it is
hypothesized that eliminating the
existing sediment deficit through
sediment augmentation is necessary to
reduce channel narrowing and incision,
contribute to channel widening, and
increase the sustainability of a braided
channel morphology.
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

Big Question #4 2019 Assessment @ °© @7 B
Are mechanical channel alterations (Channel Widening e Peak flows in the AHR are generally not sufficient to remove mature woody

i ) ) vegetation or erosion-resistant species like phragmites.
and flow conso||dat|on) necessary for the creation e Mechanical clearing and leveling are necessary to create suitable channel
and/or maintenance of suitable riverine tern plover and configurations and facilitate channel adjustments to changes in flow and sediment.

h . habitat? ¢ Ongoing mechanical management actions like herbicide application and disking
whooping crane ha Itat are necessary to maintain suitably wide unobstructed channel widths (UOCWs) for

target species.

e Flow consolidation, a mechanical management action which consists of
mechanically confining 90% of total river flow into a single channel, may support
the maintenance of suitable UOCWs but is not implementable due to regulatory
and legal impediments.
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Figure 4. Predicted probability of a transect measuring >650 ft in unobstructed channel width (suitable for whooping cranes) in relation to 40-day peak discharge at
transects with (blue solid line) or without (red dotted line) mechanical management actions in the AHR from 2007 to 2018. Dashed lines indicate 95% confidence
intervals. Disking and herbicide application provides a significantly greater probability of having channels with more than 650 ft unobstructed channel widths.
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IMPLEMENTATION - PROGRAM MANAGEMENT ACTIONS AND HABITAT

What the science says in 2019:

Phragmites is extremely erosion resistant and SDHF flow depths and velocities
are only sufficient to scour the very weakest individual plants. Ability to scour
woody vegetation also decreases dramatically in the year following seed
germination.®

Locations that are mechanically maintained through herbicide application and
disking have a significantly higher probability of being suitably wide for
whooping crane roosting (Figure 4).

We estimate with confidence that:

Mechanical clearing, leveling, and channel widening are necessary to create
suitably wide channels at Program habitat complexes.

Herbicide application and disking are necessary at Program habitat complexes
in most years to maintain suitably wide UOCWs.

The beneficial effects of mechanical management actions are largely limited
to the locations where they are implemented. They do not provide system-
scale beneficial effects.

Answering BQ #4 during the First Increment

The Program has published directed scour research which serves as the best
source for synthesized reference data for phragmites scour resistance.?

The Program’s whooping crane data synthesis chapters are the best source for
synthesized reference data for the relationship between mechanical actions
and unvegetated channel width. Those chapters have been peer reviewed and
accepted by the Governance Committee.

Management Implications:

It was originally hypothesized that mechanical actions were necessary to
create desired channel configurations that would subsequently be maintained
through Short Duration High Flow releases. SDHF has been shown to be
ineffective at creating suitable tern and plover nesting habitat and maintaining
suitable channel widths for whooping cranes. Accordingly, ongoing
mechanical maintenance will be necessary to provide nesting habitat and
maintain suitable UOCWs at Program habitat complexes.

Due to regulatory and legal issues flow consolidation has been abandoned as
a potential Program management action.
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Priority Hypothesis Results

Mechanical #2

Relationship to Big Question #4

Based on the SedVeg model and
associated assumptions in the FSM
management strategy, it is
hypothesized that designed mechanical
channel alterations like flow
consolidation, mechanical clearing and
leveling of islands, channel widening,
and vegetation clearing from banks are
needed to accelerate the creation of,
and/or to maintain suitably wide
braided channels in the AHR.
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Big Question #5

Do whooping cranes select riverine roosting habitat in
proportions equal to its availability?
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Figure 5. Distribution of unobstructed channel width (UOCW) at use (n=235) and
available riverine roost locations in the Associated Habitat Reach (AHR). Use locations
were selected disproportionately more than availability above 689 feet of UOCW''. As
such the Program has agreed to manage for 650 ft channels for whooping crane
roosting habitat on the central Platte River. Density curves are represented as dashed

(use) or dotted (available) lines.
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2019 Assessment
e Results of habitat selection analyses within the AHR and throughout the Great

Plains indicate whooping cranes select unobstructed channel widths of ~650 feet
and unforested corridor widths of ~1,100 disproportionately to availability.*111
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Figure 6. Distribution of nearest forest (NF) at use (n=235) and available riverine roost
locations in the Associated Habitat Reach (AHR). Use locations were selected
disproportionately more than availability above 594 feet of NF''. As such the Program
has agreed to manage for total unforested corridor widths of ~1,100 ft (suitable NF
roughly multiplied by 2) which would be highly favorable for whooping cranes roosting
on the central Platte River. Density curves are represented as dashed (use) or dotted

(available) lines.
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What the science says in 2019:

e  First Increment habitat management efforts implemented by the Program to
date include, but are not limited to, tree removal and bank line disking to
increase unobstructed view widths, channel disking and widening to increase
unobstructed channel widths, and flow releases and sediment augmentation to
test hypotheses related to increasing river braiding and areas of suitable depth
for whooping crane roosting.

We estimate with confidence that:
e Whooping cranes select unobstructed channel widths of 2689 feet and
unforested corridor widths of >1,188 feet disproportionately to availability.™

Answering BQ #5 during the First Increment

e Detailed habitat selection analyses have been completed and have undergone
the Program'’s independent third-party peer review®'° and publication'. The
Program accepted the whooping crane habitat synthesis chapters and the WEST
whooping crane report and peer reviews as final and thus Program staff consider
results of these analyses to be sufficient evidence to change the assessment for
this Big Question to 2 thumbs down.

Management Implications:

e Based on findings of habitat selection analyses, the Program has agreed to
continue to manage to provide unobstructed channel widths that are >650ft and
unforested corridor widths that are >1,100ft.
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Priority Hypothesis Results

wes v

Relationship to Big Question #5
It is hypothesized that whooping
crane use is related to habitat
suitability values as defined in
Land Plan Table 1.

Photo Credit: Abby Jensen
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Big Question #6 2019 Assessment @ q

Does avallablllty of suitable nesting habitat limit tern and . Long—term monitoring and data .analyse's indicate there is a .strong P05|t|ve
] correlation between Program-defined suitable off-channel nesting habitat and

plover use and reprOdUCtlve success on the central tern and plover breeding pair counts within the AHR.1*?3 During the Program’s

Platte River? First Increment, the tern and plover populations on the central Platte River have

increased significantly and proportionately to increases in habitat availability.
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Figure 7. Tern (dotted line; top) and plover (dashed line; top) total breeding pair counts and Program (90 ac) and non-Program (60 ac) habitat availability (solid line) based on Program
habitat availability assessments and tern (bottom left) and plover (bottom right) reproductive success as compared to the Lutey (2002) objectives, 2007-2018. Increased off-channel
habitat availability and high reproductive success within the AHR are believed to be responsible for the increases tern and plover populations on the central Platte River.
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What the science says in 2019:

The Program and its partners have created in-channel (sandbars) and off-channel
(sandpits) nesting habitat to evaluate hypothesized relationships between habitat
availability and tern and plover use and productivity within the Program Associated
Habitat Area. The Program has created and maintained ~90 acres of off-channel
and ~65 acres of in-channel nesting habitat for terns and plovers.’" In addition,
Program partners and mining operations have constructed and/or managed ~60
acres of off-channel and ~25 acres of in-channel nesting habitat.

Numbers of tern and plover breeding pairs have increased 4-fold within the AHR
since 2001 while increases of similar magnitude have not been observed on Lake
McConaughy (Dave Zorn, personal communication) or the Missouri River
(http://moriverrecovery.usace.army.mil/mrrp/f?p=136:6:0:NO); although recent
increases have been observed on the Missouri River. While overall numbers of tern
and plover breeding pairs within the AHR have increased significantly, habitat
availability and use of non-Program habitat has remained steady'’. We have
observed a high, positive correlation between tern and plover breeding pair counts
and habitat availability. Program data also indicate breeding pair counts increase
at a similar rate as habitat availability.

Reproductive success, as measured by fledglings/breeding pair, have remained
high and generally above the Lutey (2002) objective for maintaining stable to
increasing populations within the AHR.

We estimate with confidence that:

There is a high correlation between habitat availability and breeding pair counts
and as the Program increases suitable off-channel nesting habitat, numbers of tern
and plover breeding pairs within the AHR will increase until habitat availability
exceeds population demands.

Answering BQ #6 during the First Increment

Tern and plover data collected to date and published in the 2015 Breeding Pair
publication' and 2017 tern and plover habitat selection publication™ serves as the
best source data for this question.

The 2018 Tern and Plover Monitoring and Research Report'' has also been
reviewed and accepted by the Program and serves as additional evidence of the
ongoing increasing trend in tern and plover use of the AHR.

Management Implications:

Based on results of Program analyses, the Program has agreed to increase off-
channel habitat availability by 60 acres.
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Priority Hypothesis Results
T1

P1

Relationship to Big Question #6

It is hypothesized that when in-
channel (sandbars) and off-channel
(sandpits) nesting habitat availability
increase, tern and plover use and
productivity will increase (i.e., habitat
is limiting).
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Big Question #7

Are both suitable in-channel and off-channel nesting
habitats required to maintain central Platte River tern

and plover populations?

o

2019 Assessment .

Long-term monitoring and data analyses indicate both in-channel and off-channel
nesting habitats are not necessary to maintain the central Platte River population
of terns and plovers. During the Program’s First Increment the increase in tern
and plover populations on the central Platte River is the result of use and
productivity at off-channel nesting habitats.!! River survey and observational
data, however, indicate the river is a valuable source of forage for both species as
forage availability appears to be lower on off-channel habitats.*
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Figure 7. Annual tern (left plot) and plover (right plot) total (solid line), riverine (dotted line), and sandpit breeding pair counts (dashed line), 2001-2016. Trends in use of the AHR
represent significant increases in tern and plover breeding pair counts during 2001-2018 with the most substantial increases occurring since inception of the Program. Reproductive
success on and use of sandpits is believed to be responsible for the increase.
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EFFECTIVENESS - HABITAT AND TARGET SPECIES RESPONSE

What the science says in 2019:

The Program and its partners created in-channel (sandbars) and off-channel
(sandpits) nesting habitat to evaluate hypothesized relationships between in- and
off-channel habitat availability and selection of terns and plovers. Early Program
efforts largely focused on off-channel nesting sites as flows and permitting
challenges precluded construction of in-channel nesting islands. Program efforts
in recent years were directed at maintaining off-channel nesting habitat and
constructing and maintaining suitable in-channel habitat.

The creation and maintenance of off-channel nesting habitat resulted in substantial
use and productivity since 2001. During this same timeframe, in-channel habitat
availability and tern and plover nesting and productivity have been sporadic and
thus has not contributed to the maintenance of the central Platte River populations.
Despite the limited use and productivity of in-channel nesting habitat, we observed
significant increases in the numbers of tern and plover breeding pairs within the
AHR from 2001-2018."

Since 2001, breeding pair counts for terns increased nearly 4-fold (21 to 88) while
plover counts also increased nearly 4-fold (10 to 38); both of which represent
significant increases.” Though populations of both species increased during this
timeframe, increases of similar magnitude have not been observed on Lake
McConaughy (Dave Zorn, personal communication) or the Missouri River
(http://moriverrecovery.usace.army.mil/mrrp/f?p=136:6:0:NO);  though recent
increases have been observed on the Missouri River.

Efforts to create and maintain suitable in-channel nesting habitat have necessarily
been extensive. Though in-channel nesting habitat has contributed little to the
reproductive success of both populations, ephemeral islands and river channels
appear to provide an important source of forage for both terns and plovers.

We estimate with confidence that:

Managed off-channel nesting habitat is necessary to maintain the presence of
central Platte River tern and plover populations.

Although an important forage source, direct maintenance of in-channel nesting
habitat is not necessary to maintain tern and plover populations within the AHR.

Answering BQ #7 during the First Increment

Tern and plover monitoring data collected to date and the 2015 Breeding Pair
publication' serve as the best source data for this question and indicate use of
off-channel habitat resulted in increases in breeding pair counts and productivity
within the AHR.

The 2018 Tern and Plover Monitoring and Research Report'' has also been
reviewed and accepted by the Program and serves as additional evidence of the
ongoing increasing trend in tern and plover use of the AHR attributable to use of
and productivity on off-channel sites.
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Management Implications:

e  Based on results of Program analyses, the Program has agreed to increase off-
channel habitat availability by 60 acres while creating and maintaining 10 acres of
MCA islands in the channel.

Priority Hypothesis Results

v

Relationship to Big Question #7

It is hypothesized that ephemeral, in-
channel nesting islands (sandbars)
are needed for long-term nesting
success of terns and plovers on the
central Platte and when available,
terns and plovers will select
sandbars over sandpits for nesting. It
is also hypothesized that tern and
plover nesting is more successful on
in-channel than off-channel habitat
which could eliminate the need to
maintain off-channel habitat.
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EFFECTIVENESS - HABITAT AND TARGET SPECIES RESPONSE

Big Question #8
Does forage availability limit tern and plover productivity
on the central Platte River?

2019 Assessment !. P

Cumulative Fledge Rates versus Minimum Flow e Analyses of flow versus productivity'® indicate there is no relationship between
flow and tern productivity and we suspect analyses of data linking forage
availability or flow and plover productivity would yield similar results. Given tern
and plover productivity is high and a majority of confirmed mortalities have been
attributed to adverse weather and predation, there is no evidence the forage
base along the central Platte River limits tern and plover productivity. Further
evaluations would involve capturing and weighing tern and plover chicks on
multiple occasions to establish a more direct link between growth rates and
forage abundance; however, Program stakeholders decided these additional
expenses, efforts, and risk of injury to chicks are not warranted.
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Figure 9. Cumulative proportion of least tern broods that fledged at various flows during
the brood rearing season, 2001-2018 (top) and annual tern fledge ratio versus median
summer flows, 2001-2018 (bottom). Blue vertical lines represent the hypothesized 800
cfs target flow and the horizontal red dashed line represents the Lutey (2002) fledge
ratio objective for maintaining a stable to growing population on the central Platte River.
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EFFECTIVENESS - HABITAT AND TARGET SPECIES RESPONSE

What the science says in 2019:

Detailed analyses have been completed and the resulting manuscript has been
published. In the publication, we synthesize independent sets of data and found
no relationship between tern productivity and flow during the nesting and
brood rearing season.'>'®

Given the high levels of productivity observed on the central Platte River, it is
unlikely flow, and thus forage fish abundance, limits tern productivity. We were
unable to establish the hypothesized link between flow and productivity and
have used results of our retrospective analyses to definitively answer this Big
Question.

Further evaluations of BQ #8 would likely entail system-wide, intensive,
summer-long forage sampling, tern and plover behavioral studies, and
potentially capturing and weighing chicks on multiple occasions to attempt to
establish relationships between forage abundance, flow, productivity, and long-
term survival. Program stakeholders previously indicated additional expenses,
efforts, and risk of injury to chicks are not warranted as it appears forage
abundance and reproductive success are adequately high to support central
Platte River tern and plover populations.

We estimate with confidence that:

Forage availability does not limit tern and plover productivity on the central
Platte River.

Answering BQ #8 during the First Increment

The forage fish manuscript’® serves as the best source for synthesized reference
data for this question. The results of these analyses indicate flow, and by
inference forage availability, does not limit tern and plover productivity within
the AHR. Program staff considered results of these analyses to be sufficient
evidence to change the assessment for this Big Question to two thumbs down
in 2016.

A similar synthesis of data could be developed for plovers; however, given
results of the Foraging Habits Study and high levels of productivity observed to
date, there is a complete lack of evidence forage abundance limits plover
productivity.

Management Implications:

Data analysis and synthesis do not support Program summer flow releases to
maintain the 800 cfs target.
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Priority Hypothesis Results

T2 v

P2

Relationship to Big Question #8

It is hypothesized that availability of
fish for terns and invertebrates for
plovers limits productivity of both
species, especially when flows are
below 800 cfs during the nesting
season (May through August).
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Big Question #9

Do Program flow management actions in the central
Platte River avoid adverse impacts to pallid sturgeon in
the lower Platte River?
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2019 Assessment }

The Program'’s Lower Platte River Stage Change Study'® analyses concluded central
Platte River flow management actions are likely to avoid adverse impacts to pallid
sturgeon in the lower Platte River because the relative change in habitat due to
Program water management activities would be small to undetectable.

Based on results of the Stage Change Study, any potential impacts could be
avoided through development of operational rules that prohibit Program
diversions when lower Platte River discharges fall below 4,000 cfs.

Thus, EDO followed the established process to assess this Big Question as
conclusively answered with two thumbs up in 2014. In 2016, the Service concluded
they “do not support two thumbs up at this time for Big Question 9 because of
lingering uncertainties.”

There remains substantial scientific uncertainty about pallid sturgeon use of the
lower Platte, though there has been substantial new learning about pallid sturgeon
and their use of lower Platte (evidence they are there all year, spawning ground,
larval drift, etc.) since the Stage Change Study was completed. At the time of Stage
Change Study, the primary issue was use of the lower Platte River by a small
number of adult fish.

A 2018 EDO white paper identified substantial uncertainties with pallid sturgeon
use of the lower Platte River and also uncertainties regarding the ability of the
Program to conduct research alone or in partnership with entities such as the
Nebraska Game & Parks Commission, the University of Nebraska-Lincoln, and/or
the U.S. Geological Survey that would render useful data for GC decision-making.
In March 2019, the GC directed the EDO to integrate pallid sturgeon uncertainties
into the process for updating/revising the AMP for the Extension. That process
began in May 2019.

2019 STATE OF THE PLATTE

o





What the science says in 2019:

The general conclusion of the Program’s Final Stage Change Study'® is that
Program water management activities will not result in measurable changes on
flows in the lower Platte River and thus will result in little change to the amount
of habitat available to pallid sturgeon.

However, given that short-term connectivity could be problematic under certain,
but infrequent, hydrological conditions, and assuming the biological significance
of habitat connectivity for pallid sturgeon above 4,000 cfs, results of the stage
change study could be used by the Program to implement proactive measures
(e.g. altering excess-to-target-flow diversion timing or duration) to prevent
potential negative impacts on habitat connectivity.

We estimate with confidence that:

Flow diversions or releases by the Program would result in very small and
undetectable changes in stage in the lower Platte River.

As identified in the stage change study, these stage changes reside in the noise
of gage error on the lower Platte River and thus will not result in a measurable
change in lower Platte River stage.

By extension, flow management actions that will not result in a measurable
change in stage in the lower Platte River will not result in significant adverse
effects on pallid sturgeon.

Answering BQ #9 during the First Increment:

This question is not likely to be answered until the First Increment Extension. The
GC began a facilitated Pallid Sturgeon Process in 2017 to help guide activities
that will keep the question open until sometime during the potential First
Increment Extension. That effort was integrated into the development of AMP
Version 2.0 for the Program beginning in May 2019.

Management Implications:

The primary Program water management actions that are hypothesized to result
in flow and fish impacts in the lower Platte River are short-duration high flows
(SDHF), target flow releases, and diverting target flow excesses.

The Program is undergoing a process to develop flow management actions for
the potential First Increment Extension.

Central Platte River flow releases or diversions that could plausibly be detected
in the lower Platte River during the potential First Increment Extension are not
anticipated.
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Priority Hypothesis Results

PS2

Relationship to Big Question #9

It is hypothesized that Program water
management actions, such as
diverting excesses to target flows for
retimed release, will result in a
measurable change in stage in the
lower Platte River and thus affect
pallid sturgeon habitat suitability.

Credit: Sam Stukel
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Big Question #10

Do Program management actions in the central Platte
River cumulatively produce detectable changes in the
physical environment (i.e. habitat) that are associated
with a detectable increase in tern, plover and whooping
crane use of the Associated Habitats?

The Program implements both on- and off-channel habitat creation and maintenance
for the target species. The BQ 10 assessment will focus on the habitat creation strategy
that has been most effective for each species. In the case of least terns and piping
plovers, off-channel habitat has been most effective. In the case of whooping cranes,
on-channel habitat has been most effective.

2019 Assessment for Least Tern and Piping Plover Off-Channel (OCSW) Habitat

e There is a strong positive correlation between Program-defined suitable nesting
habitat and tern and plover breeding pair counts within the AHR. See BQ 6
Assessment."’

e During the First Increment, tern and plover populations on the central Platte River
have increased significantly and proportionately to increases in habitat availability
due to Program off-channel habitat creation efforts. See BQ 6 Assessment."!

Habitat: @ [ |

Species Response: [ |
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2019 Assessment for On-Channel Whooping Crane Habitat

e Maximum unobstructed channel widths (important whooping crane habitat metric)
have been significantly wider on Program lands since 2013. See Figure 10.

e There has been a significant increase in whooping crane use of Program lands since
2016.

Habitat: @'~ @

Species Response: [ [ |
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Figure 10. Unobstructed channel width (UOCW), an important whooping crane habitat
suitability metric, has been wider on Program-managed lands since 2011 and
substantially wider since 2013. Program lands are generally nhow more suitable for
whooping crane roosting than non-Program lands.
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What the science says in 2019:

During the First Increment of the Program, tern and plover populations on the
central Platte River have increased significantly and proportionally to increases
in off-channel nesting habitat creation efforts.

On-channel nesting habitat creation efforts have not been successful and have
largely been abandoned by terns and plovers.

During the First Increment of the Program, UOCW on Program lands transitioned
from significantly narrower than non-Program lands in 2010 to significantly
wider in 2013 through 2019.

There has been a discernable trend in the proportion of the whooping crane
population roosting on Program lands since 2007. There has been a significant
increase in the proportion of the population using the AHR as a whole during
the spring migration, but not during the fall migration period.

There has been a discernable trend in the proportion of the whooping crane
population roosting within the AHR since 2007; however wet meadow use has
remained steady and low.

Whooping cranes have used off-channel palustrine wetland sites created and
maintained by the Program during the First Increment; however wetland use has
remained steady and low.

We estimate with confidence that:

Program efforts to create and maintain off-channel tern and plover nesting
habitat have been successful.
Program efforts to create and maintain in-channel whooping crane roosting
habitat have been successful.

Answering Big Question #10 during the First Increment:

The Program has noted trends related to the tern and plover hypotheses in
response to off-channel nesting habitat and has recently observed substantial
use of Program and othere conservation lands by whooping cranes.

The Program is currently negotiating a 13-year Extension of the First Increment
due in part to the fact that water objective of reducing annual shortages to target
flows by 130,000-150,000 acre-feet has not been met.

Management implications:

Synthesis of multiple lines of evidence related to this Big Question and the
underlying system-level hypotheses have provided guidance to the GC
regarding Program land and water management during the First Increment and
will continue to into the Extension.
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Priority Hypothesis Results

LTPP wcC

Sla

(habitat response) ‘ A
S1b

(species response)

Sic
(wet meadows)

Relationship to Big Question #10

It is hypothesized that Program
management actions will result in
measurable changes in central Platte
River form and function, which will in
turn result in detectable responses
by the target species.

i d
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Additional First Increment Learning
Whooping Cranes

Spring whooping crane migration season is shifting earlier in the year (current 95t
percentile dates: March 6 — April 20).

Fall whooping migration season is shifting later in the year (current 95t percentile
dates: October 15 — November 16).

Whooping crane migration corridor throughout the Great Plains is shifting
eastward; however, use of the western portion of the AHR is increasing.

No relationship between flow and where whooping cranes choose to roost within
the central Platte River.

Whooping crane riverine habitat selection similar throughout the Great Plains and
within the AHR.

Whooping cranes select cornfields and riverine habitats over wet meadows within
the AHR; however, throughout the Great Plains whooping cranes select riverine,
open water, semi-permanent wetland, and wet meadow habitats over all upland
landcover classes including cornfields.

Least Terns and Piping Plovers

Least tern and piping plover monitoring from outside the nesting colony is
sufficient for documenting abundance and productivity.

The relative probability of use for least terns and piping plovers is maximized when
distance to the nearest predator perch is >500 feet and elevation above the
waterline is 7-10 feet.

Probability of nesting by least terns increased as distance to water increased,
whereas the probability of use by piping plovers was maximized when distance to
water was ~150 feet.

Piping plover territories are ~3 acres in size on off-channel sites.

Productivity of least terns and piping plovers is reduced during both the nesting
and brood rearing stages by weather factors more than factors the Program can
manage.

Electrified predator fences and wing panels are effective at deterring terrestrial
predators from off-channel nesting areas.

Habitat management activities implemented at off-channel sites to date seem to
be sufficient for maintaining high levels of productivity for least terns and piping
plovers within the AHR.

The timing the spring pulse flow coincides with the least terns and piping plovers
nesting season which limits the opportunity for successful nesting within the AHR.
Least terns and piping plovers select channels that are 21,200 feet wide in other
river systems.

The GC decided to forego any further in-channel island construction activities in
lieu of creating an additional 60 acres of bare-sand off-channel and water (OCSW)
nesting habitat and maintaining 10 acres of moving complex approach (MCA)
nesting islands in the channel.
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The Service concluded that creating an additional 60 acres of off-channel nesting
habitat would meet their criterion of achieving “stable or increasing populations”
of least terns and piping plovers within the AHR.

Pallid Sturgeon

No evidence pallid sturgeon use discharge as a spawning cue as the lower Platte
River has been used during both low- and high-discharge years.

All but one of the four gravid females known to have entered the Platte River to
spawn did so when temperatures were <15°C and exited when temperatures
exceeded 20-C.

No evidence that post-spawn females exit the lower Platte River due to low
discharge as females generally exited the Platte River at a higher discharge than
when they entered.

Spawned pallid sturgeon exited the lower Platte River approximately one to two
weeks after a peak flow event temporarily increased discharge and depressed
water temperature.

If one assumes diurnal water temperature variation is important for spawning
behavior, the Program may be able to influence this metric through flow-releases
to reduce variation. However, given the magnitude and duration of any potential
flow release the Program could currently make, we found our potential to reduce
diurnal variation in water temperature is minute in comparison the natural
variability in diurnal water temperature variation and may only be detectable at the
lowest flows observed in the lower Platte River.

Most pallids were captured below the Elkhorn River at moderate discharges (6,000—
10,000 cfs) with few pallids captured at very low or very high discharges. In
addition, few pallids were captured upstream of the Elkhorn River, even in seasons
with moderate discharges. The lack of any discernable relationship between
discharge and captures makes it difficult to conclude that differences in discharge
is the main driver of the disparity in captures above and below the Elkhorn River
confluence.

When capture effort is taken into account, several stretches of river above the
Elkhorn river had similar captures rates as those below the Elkhorn River.

The only habitat metric found to be markedly different upstream and downstream
of the Elkhorn River confluence is turbidity.
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Sandhill Cranes

e Sandhill cranes select wide unobstructed channels with low flows (i.e, 900-ft
unobstructed channel with <1,400 cfs).

e Spring sandhill crane migration season is shifting earlier in the year.

e Sandhill crane roosting within the AHR is shifting eastward.

Wet Meadows
e Whooping crane use of the AHR has increased during the spring migration while
wet meadow use has remained stable and low.

System

e Remote channel measures are adequate for capturing channel width metrics such
as maximum unvegetated channel width, total unvegetated channel width, total
channel width, etc.

31|Page 2019 STATE OF THE PLATTE





APPENDIX A

2019 State of the Platte Priority
Hypotheses Status Table
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2019 State of the Platte Priority Hypotheses Status Table. Status of AMP priority hypotheses, as listed in Table 2 of the Adaptive Management Plan (Page 70). See shape coding key at end of table.

Description of

clear/level/pulse) will have a
detectable effect on other
species use of the associated
habitats.

species and non-listed species
of concern thereby reducing the
likelihood of future listing and
improve overall ecosystem
diversity.

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
Number Description of hypothesis alternative/competing Big Questions Data Source(s) Test Results Notes TAC/AMWG
hypotheses
System
The Platte River form can be
modified by either Geomorpholo
mechanical/sediment/flow phology Collecting the data necessary to
. and vegetation
management (i.e., monitorina. LIDAR answer all S1 hypotheses. To
S1 clear/level/pulse) or #10 9 ! date, State of the Platte
; and other aerial .
mechanical means along . evaluations focused on BQ #1-
B imagery, EDO
with non-Program managed #10.
. analyses
flows (i.e.,
clear/level/mechanical).
20176 State of the Platte — During
Program channel habitat Geomorpholpgy the First Increment of the
B . . and vegetation Program, UOCW on Program
restoration actions will result N L . o
. Cannot detect a significant monitoring, LIDAR lands transitioned from
Sla in detectable change to - #10 . L
. effect on indicators. and other aerial significantly narrower than non-
Platte River form and . .
. imagery, EDO Program lands in 2010 to
function. L .
analyses significantly wider in 2013
through 2016.
20176 State of the Platte -
Program land management Geomorpholpgy .Mo.nltorlng an.d analyses
. ) D and vegetation indicate there is a strong
actions (i.e,, restoration into L ; o )
. . N monitoring, LIDAR positive correlation between
habitat complexes) will have Cannot detect a significant . - .
S1b - #10 and other aerial Program-defined suitable
a detectable effect on target | effect on indicators : . . }
. . imagery, bird nesting habitat and tern and
bird species use of the o . -
associated habitats monitoring, EDO plover breeding pair counts
' analyses within the AHR. Less of a
correlation for whooping cranes.
Program actions will increase
Sic functional wet meadows in #10 N/A 2016 State of the Platte— TBD
habitat complexes during the
First Increment.
. Within the overall management
Implementing Program land - ;
objectives for whooping cranes,
anq watgr management terns and plovers, and pallids
actions (i.e., habitat sturgeon, benefits can be
< complexes and provided to non-target listed N/A N/A
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Description of

macroinverts limit plover
production below 800 cfs
from May-Sept.

limited by summer flows of
<50 cfs.

foraging habits
study, EDO analyses

relationship between plover use
and productivity and flow (i.e.
forage fish) within the AHR.

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
D fh h I D . N
Number escription of hypothesis alternative/competing Big Questions ata Source(s) Test Results i otes TAC/AMWG
hypotheses
Terns and Plovers
2015 State of the Platte -
PRRIP tern/plover Monitoring and analyses
o . monitoring indicate there is a strong
AQdiltlonaI bare sand habitat Bare sand is not currently protocol, EDO positive correlation between
T1 will increase the number of L #6 - .
adult least terns limiting number of adults. analyses, Program-defined suitable
’ tern/plover habitat nesting habitat and tern and
synthesis chapters plover breeding pair counts
within the AHR.
Tern oroductivity is related to Districts' forage fish 2016 State of the Platte -
the nEmber of ie fish (<3 Prey fish do not limit tern monitoring Monitoring and analyses
. o1 prey production at 799 cfs or tern protocol, USGS indicate there is no relationship
T2 inches) and fish numbers L #8 . .
limit tern oroduction below production is limited by foraging habits between tern use and
800 cfs fropm Mav-Sept summer flows of <50 cfs. study, EDO analyses productivity and flow (i.e. forage
y->ept and publication fish) within the AHR.
Flow rates influence the Tern productivity not
T2a number and species diversity | affected by fish community N/A N/A
in tern prey base (fish). species diversity.
PRRIP tern/plover 20175 State of the Platte -
monitoring Monitoring and analyses
Additional bare sand habitat protocol, EDO indicate there is a strong
- Bare sand is not currently analyses, positive correlation between
P1 will increase the number of L #6 . - .
adult piping plovers limiting number of adults. tern/plover habitat Program-defined suitable
’ synthesis chapters nesting habitat and tern and
and associated plover breeding pair counts
publications within the AHR.
Plover productivity 'S related Macroinverts do not limit Districts’ forage fish 2076_ St‘?z‘e of the Platte -
to the number of suitable . o Monitoring and analyses
macroinverts and plover production at 799 cfs monitoring indicate there is likely no
p2 or plover production is #8 protocol, USGS y
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Description of . q
X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
D fh h I D . N
Number escription of hypothesis alternative/competing Big Questions ata Source(s) Test Results i otes TAC/AMWG
hypotheses
2015 State of the Platte -
Monitoring and analyses
indicate both in-channel and
PRRIP tern/plover off-channel nestmglhab.ltats are
. . LT and PP show no o not necessary to maintain the
Interaction of river and . monitoring . .
TP 1 - - preference for the river over #7 central Platte River population
sandpit habitat. . protocol, EDO
sandpits. of terns and plovers. However,
analyses Lo
the river is a valuable source of
forage for both species as
forage availability is lower on
off-channel habitats.
2015 State of the Platte -
Given population growth within
The central Platte River may PRIT]IqPOLeiIE:iF)r:over the AHR and fledge ratios that
TP 2 act as a source or sink for Currently not a sink. N/A 9 exceed all numbers
protocol, EDO . .
terns and plovers. hypothesized to result in
analyses ;
population growth, the
hypothesis is rejected.
P 4d Correlation between river N/A Tern/plover habitat No need to test as sandbars are
island habitat and flow. synthesis chapters not suitably high for nesting.
Use of riverine islands by
least terns and piping Use will not increase with Tern/plover habitat Hypothesis affirmed in
TP5 L . . #1 } .
plovers will increase with channel width. synthesis chapters Tern/plover synthesis chapter 4.
active channel width.
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Description of

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
D f h h I D . N
Number escription of hypothesis alternative/competing Big Questions ata Source(s) Test Results i otes TAC/AMWG
hypotheses
Whooping Cranes
Whooping crane use will Whooping crane use will not WES.T habitat Hypothesis affirmed in 2017 and
. . . . selection report, . )
increase as function of increase as function of . 2018 spring and fall whooping
WC 1 N/A whooping crane s
Program land and water Program land and water habitat svnthesis crane monitoring reports and
management activities. management activities. y several Program publications.
chapters
Whooping crane use is
related to habitat suitability.
The prediction of habitat .
L . WEST h
suitability for whooping . S. abitat 20176 State of the Platte -
. . WC use of areas is not selection report, K
crane in channel habitat as a . . . Whooping cranes select channel
WC 3 ; directly linked to FWS #5 whooping crane .
function of water depth habitat suitability values habitat synthesis widths of 650 ft and unforested
(preferred depth?) and y ’ cha >t/ers corridor widths of 1,100 ft.
channel width (define as P
wetted width, open width,
other?).
Whooping crane use of the WC do not use wet Evidence points to rejecting this
central Platte River study meadows currently and are hypothesis. Peer review of key
wcC 4 area will increase unlikely to respond to N/A N/A documents will likely result in a
proportionally to an increase | increases in wet meadow conclusive answer in a future
in wet meadows. area. State of the Platte Report.
Whooping cranes are
WcC5 impacted by nocturnal N/A N/A

lead to flushing (walking or
flying) which could lead to
potential mortality.

disturbances.
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Description of

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
Description of hypothesis alternative/competin . . Data Source(s q Notes
Number P yp / peting Big Questions ® Test Results ' TAC/AMWG
hypotheses
Pallid Sturgeon
The Program is in the process of
determining next steps on pallid
sturgeon Big Questions,
. Program flow/sediment hypotheses, and issues for the
Program flow/sediment . . : .
. . management will result in First Increment and First
management will result in a . . ) .
o . no increase in species Increment Extension through
PS-1 positive species response by . N/A N/A . .
. ) use/occurrence by the plaid the facilitated Pallid Sturgeon
the pallid sturgeon in the . L
: sturgeon in the lower Platte Process. Determining linkages
lower Platte River. .

River. between Program hypotheses,
management actions, and pallid
sturgeon response will be part
of that process.

The Program is in the process of
determining next steps on pallid
sturgeon Big Questions,
hypotheses, and issues for the

Program water ; .

Program water management . . First Increment and First
] . management will result in .
will result in measurable . L Increment Extension through
PS-2 . statistically insignificant #9 Stage change study . .
changes on flow in the lower . the facilitated Pallid Sturgeon
. changes on flow in the R
Platte River. B Process. Determining linkages
lower Platte River.
between Program hypotheses,
management actions, and pallid
sturgeon response will be part
of that process.
The Program is in the process of
determining next steps on pallid
sturgeon Big Questions,
hypotheses, and issues for the
. . Flows in the lower Platte First Increment and First
Flows in the lower Platte will River will have no effect on Increment Extension through
PS-4 affect pallid sturgeon habitat N/A N/A 9

suitability.

pallid sturgeon habitat
suitability.

the facilitated Pallid Sturgeon
Process. Determining linkages
between Program hypotheses,
management actions, and pallid
sturgeon response will be part
of that process.
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X-Y Graph
Number

Description of hypothesis

Description of
alternative/competing
hypotheses

Link to PRRIP
Big Questions

Data Source(s)

Hypothesis
Test Results

Notes

Comments from
TAC/AMWG

PS-5

Pallid sturgeon habitat
suitability is maximized
between water temperatures
of X and Y in the lower Platte
River.

Pallid sturgeon use is
independent of river water
temperature.

N/A

N/A

The Program is in the process of
determining next steps on pallid
sturgeon Big Questions,
hypotheses, and issues for the
First Increment and First
Increment Extension through
the facilitated Pallid Sturgeon
Process. Determining linkages
between Program hypotheses,
management actions, and pallid
sturgeon response will be part
of that process.

PS-6

Increasing flow in the lower
Platte will affect pallid
sturgeon habitat availability.

Increasing flow in the lower
Platte River will have no
effect on pallid sturgeon
habitat availability.

N/A

N/A

The Program is in the process of
determining next steps on pallid
sturgeon Big Questions,
hypotheses, and issues for the
First Increment and First
Increment Extension through
the facilitated Pallid Sturgeon
Process. Determining linkages
between Program hypotheses,
management actions, and pallid
sturgeon response will be part
of that process.

PS-7

Increasing habitat availability
in the lower Platte will
increase pallid sturgeon use.

Pallid sturgeon use is
independent of lower Platte
River habitat availability.

N/A

N/A

The Program is in the process of
determining next steps on pallid
sturgeon Big Questions,
hypotheses, and issues for the
First Increment and First
Increment Extension through
the facilitated Pallid Sturgeon
Process. Determining linkages
between Program hypotheses,
management actions, and pallid
sturgeon response will be part
of that process.
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Description of

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
D fh h I D . N
Number escription of hypothesis alternative/competing Big Questions ata Source(s) Test Results i otes TAC/AMWG
hypotheses
River water temperature is
. independent of flow rate in
Increasing Program flow -
releases will decrease water the lower Platte River
PS-9 . Increases in program flow N/A N/A
temperatures in the lower L
; releases will increase water
Platte River.
temperatures on the lower
Platte River.
Program actions will affect
Non-Program actions (e.g. the rate of occurrence of
harvest, stocking, Missouri pallid sturgeon in the lower
PS-11 River conditions) determlne P!atte RIVE!’ such that use is N/A N/A
the occurrence of pallid disproportionate to external
sturgeon in the lower Platte factors (e.g., stocking,
River. harvest, local conditions)
relative to local population.
Physical Processes — Flow
Increasing the variation
t?etween river stage at peak Flow magnltuqes.and 2076 State of the Platte—
(indexed by Q1.5 flow at channel compilations are .
. . Geomorphology Full SDHF magnitude of 8,000
Overton) and average flows insufficient to generate bars . . e
. . . and vegetation cfs is not sufficient to create
(1,200 cfs index flow), by high enough to provide el . ,
. . . monitoring, sandbars exceeding the PRRIP’s
increasing the stage of the habitat for LT and PP. Bars - ) o
Flow #1 eak (1.5-yr) flow through mav quickly veqetate #1 tern/plover minimum height suitability
P > 9 Y 9 yveg monitoring, criterion. Sandbars created by

Program flows, will increase
the height of sand bars
between Overton and
Chapman by 30% to 50%
from existing conditions.

making them poor habitat
for target species. Bars can
be created/maintained by
mechanical/other means.

tern/plover habitat
synthesis chapters

SDHF releases will be inundated

during the nesting season in
most years.
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Description of

of the river. There will be
different relations (graphs)
for different species.

can be achieved by other
means.

crane habitat
synthesis chapters

magnitudes and velocities
observed in the AHR. An
herbicide control program is
ongoing

XI:lYui::rh Description of hypothesis alternative/competing ;;kc;:e::z:: Data Source(s) thr;::::tl:‘ Notes co;:?;:;;vargm
hypotheses
Increasing 1.5-yr Q with
Program flows will increase 2076 State of the Platte—
local boundary shgar stre'ss The comparatively short
and frequency of inundation .
L . duration and low volume of
at existing green line o )
(elevation at which riparian Insufficient Program flows Directed scour .SDHF I|mfts the predicted
vegetation can establish). to adequately increase shear research, whooping increase in UOCW to <12 ft.
Flow #3 These changes will increase stress on banks. Plant #2 crane, habitat SDHF duration is not
riparian plant mortality along | mortality can be achieved svnthesis chapters sufficient to create and
margins of channel, by other means. Y P maintain UOCWs that are
raising ?Ievat'on Of,green suitable for whooping crane
line. Raised green line = .
more exposed sandbar area roosting.
and wider unvegetated main
channel.
Annual riparian seedling
mortality greater than 90% is | Riparian seedling mortality
required to prevent riparian greater than 90% is needed
encroachment on exposed to increase exposed bar
Flow #4 bars., thfer?by increasing area. Other factor§ drive N/A N/A
(maintaining at least 10 exposed bar area instead of
acres/mile) exposed bars seedling mortality. Plant
between Overton and mortality can be achieved
Grand Island that are usable by other means.
as LT and PP habitat.
2016 State of the Platte -
Increasing magnitude and Mature phragmites plants or
duration of a 1.5-yr flow will Insufficient Program flows Directed scour plant patd’]?? have alvery
increase riparian plant to maintain required flow research, whooping low probability of being
Flow #5 mortality along the margins durations. Plant mortality #2 ' eroded at the highest flow
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Description of . q
XI:lYm:':eprh Description of hypothesis alternative/competing ;;kc;:e::::: Data Source(s) T:Z:’;:::;':i Notes Co;:rg/e::;vf\;'gm
hypotheses
Physical Processes — Sediment
Augmentation greater than
or less than 225,000
tons/year is needed to
balance the sediment Augmentation of sediment in
Average sediment budget and increase the south channel is necessary
augmentation at Overton of | exposed bar area. There is Sediment transport to slow incision and narrowing
185,000 tons/yr. under no sediment modeling, results of and prevent degradation from
Sediment existing flow regime and imbalance. Exposed pgr area sedimen? progressing do.wnstrean.w past
#1 225,000 tons/yr. under or occurrence of braiding #3 augmentation the Overton bridge. It will be
Governance Committee will not be affected by Proof of Concept challenging to measure the
proposed flow regime increased sediment. experimental effectiveness of augmentation
achieves a sediment balance | Sediment balance is implementation given that the desired beneficial
to Kearney. insignificant except in local effect is slowing and ultimately
instances. Satisfactory bar halting of a long-term trend.
areas can be created and
maintained through strictly
mechanical actions.
A balanced sediment budget
(sediment augmentation of
225,000 tons/year near
Overton under proposed
Governance Committee
flows) when implemented Flows and sediment
Sediment with mechanical actions augmentation are N/A N/A
#2 (channel consolidation & insufficient to achieve
widening) in anastomosed desired braiding index.
reaches will promote braided
channel morphology with an
average braiding index in the
main channel of greater than
3.
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Description of

convert main channel from
meander morphology in
anastomosed reaches, to
braided morphology with an
average braiding index > 3.

morphology. Lower stream
power will convert channel
to braided morphology.

synthesis chapters

necessary to create suitable
channel configurations and
facilitate channel
adjustments to changes in
flow and sediment.

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
Number Description of hypothesis alternative/competing Big Questions Data Source(s) Test Results | Notes TAC/AMWG
hypotheses
Increasing the average
braiding index of the main
channel by achieving a
Sediment balanced sediment budget, Width will not change with
. . . . e N/A N/A
#3 increases the active increasing braiding index.
unvegetated width of the
main channel at an index
flow of 2,000 cfs (at Overton).
Increasing the average
braiding index to .greater There is no relationship
than 3 for the main channel e
. . - between braiding index and
in the sediment deficient
. area of exposed bars.
. reach near Overton will
Sediment . o Exposed bars may be
increase and maintain . N/A N/A
#4 created (maintained)
exposed bar area greater .
. through mechanical means
than 1.5 acres in the reach .
without need to change
between Overton and braiding index
Kearney at an index flow of 9 ’
1,200 cfs (at Overton).
Physical Processes — Mechanical
20176 State of the Platte -
| athe Q15 in th Peak flows in the AHR are
ncreasing the Q1.5 in the generally not sufficient to
main channel by d
consolidating 85% of the Higher stream power remove_mature qu y
flow, and aided by Program (higher 1.5 yr. Q and/or Vegetatlon Or.eroslon-
flow and a sediment balance, | more consolidation of side Directed scour resistant species like
Mechanical | flows will exceed stream channels) needed to convert #4 research, whooping phragmites. Mechanical
#2 power thresholds that will channel to braided crane habitat clearing and leveling are
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Description of

area greater than 1.5 acres at
mechanical changed sites at

an index flow of 1,200 cfs (at
Overton).

areal extent of bars.

X-Y Graph .. . . . Link to PRRIP Hypothesis Comments from
D f h h I D . N
Number escription of hypothesis alternative/competing Big Questions ata Source(s) Test Results i otes TAC/AMWG
hypotheses
Reducing the number of
channels in a transect to 3 or
less under balanced Reducing the number of
sediment budget will convert | channels in a transect to 1
Mechanical anastomosed reaches of the | or
#3 Platte River between Overton | 2 is necessary to achieve an N/A N/A
and Chapman to a braided average braiding index in
channel morphology. With the main channel of greater
proposed flow regime, than 3.
should occur with greater
number of channels.
Increasing the average
braldlng index to. greater A braiding index greater
than 3 in the main channel . .
. . . than 4 is needed to achieve
by channel manipulation will a
Mec:;zmcal fr::r:qc;tceh;nnit?;Pl:rt]taenR:jr at width greater than 500 ft. N/A N/A
sites a total mai)r: chan?\el There is no relation between
wetted width exceeding 500 \l/)vrizlimg index and channel
to 750 ft at an index flow of ’
1,700 cfs (at Overton).
Increasing the average
braiding index to greater
than 3 for the main channel
. by ”TeCha?'ca' c.ha.nnel Mechanically consolidating
Mechanical | manipulation, will increase .
#5 and maintain exposed bar flows will have no effect on N/A N/A
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X-Y Graph
Number

Description of hypothesis

Description of
alternative/competing
hypotheses

Link to PRRIP
Big Questions

Data Source(s)

Hypothesis
Test Results

Notes

Comments from
TAC/AMWG

Wet Meadows

WM-2

Wet meadows producing the
optimum productivity and
diversity of macro-
invertebrates potentially
consumed by WC exhibit
certain characteristic
combinations of soils,
hydrology, size and location.
Mormon Island and adjacent
to Rowe Sanctuary have
some of best existing
combinations

There are too many possible
combinations of site
characteristics to allow for a
meaningful characterization
of “desirable” conditions.

N/A

N/A

WM-3

Shallow surface water and
groundwater in March and
April support high
productivity and diversity of
macroinvertebrates as
potential food sources to WC
in wet meadows.

N/A

N/A

WM-4

A predominance of organic-
rich soils supports the
productivity and diversity of
macro-invertebrates as
potential WC food sources in
bottomland grasslands.

Wet meadows and their
soils are too complex and
variable to allow this
individual factor to be
effectively assessed.

N/A

N/A

WM-8a

As the spring depth to
groundwater increases,
surface soils stay frozen
longer. Where groundwater
is closer to the surface soils
thaw sooner.

N/A

N/A

010 0 O
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i Hypothesis Test Results are indicated as one of the following categories:

A Hypothesis answered conclusively — affirmed.
' Hypothesis answered conclusively — rejected.

Hypothesis not yet answered — ongoing implementation, analysis, and synthesis.

O Not currently being addressed through implementation of the AMP and related data analysis and synthesis.
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LAND AND WATER OBJECTIVE PROGRESS

Land Objective

The Program’s First Increment land objective is to
acquire, protect, and restore 10,000 acres of habitat for
the three target avian species.

As of 2019, the Program has exceeded the 10,000-acre First Increment land
objective by 2,783 acres. Most of the Program’s habitat lands are located in blocks
referred to as habitat complexes. There are six primary habitat complexes
(Cottonwood Ranch, Elm Creek, Pawnee, Fort Kearny, Clark Island, and Shoemaker
Island) with additional complex habitat at four other locations (Plum Creek, Minden
to Gibbon, Alda to Grand Island, and Grand Island to Chapman). In addition, the
Program manages 645 acres of non-complex lands comprised of four OCSW and two
palustrine wetland sites as well as 25 acres set aside for Clean Water Act compliance.
A map of Program properties can be found on page 2 of this report.

Plum Creek 866
Cottonwood Ranch 3,552
Elm Creek 1,438
Pawnee 742
Fort Kearny 2,190
Gibbon to Minden 834
Clark Island 784
Shoemaker Island 1,411
Alda to Grand Island 286
Grand Island to Chapman 10
Total Complex Land 12,113
Off-Channel Sand and Water 391
Palustrine Wetlands 254
Total Non-Complex Land 645
Clean Water Act Land 25
Grand Total 12,783
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Water Objective

The Program’s First Increment water objective is to
reduce deficits to USFWS target flows by an average
of 130,000 - 150,000 acre-ft annually.

As of 2019, Program water projects reduce deficits to USFWS target flows by an
average of over 112,000 acre-ft annually. This includes the three original state
projects with a total score of 80,000 acre-feet per year (AFY) and the five-scored
water action plan (WAP) projects (Phelps County Canal Recharge, Cook Recapture
Well, Pathfinder Municipal Lease, No-Cost Net Controllable Conserved, and Elwood
Recharge) with a score of 12,370 AFY. Other WAP projects are active but have yet to
be scored including Central Nebraska Public Power and Irrigation District surface
water and recharge, Nebraska Public Power District recharge, and CPNRD Surface
Water Exchange. It is anticipated that these projects will increase the water project
score by approximately 20,000 AFY. A large portion of the remaining First Increment
water objective was going to be provided by the J-2 Regulating Reservoir, but this
project has been put on hold due to cost, land acquisition and other concerns.
Consequently, the water objective will not be met prior to 2019 and Program
Signatories have agreed to pursue a 13-year First Increment Extension. Projects to be
implemented during the First Increment Extension include but are not limited to:
broad-scale recharge projects, slurry wall storage facilities, and acquire and retire.
These projects will be used to achieve a total score of 120,000 AFY. Research will
then be conducted to evaluate the need for the remaining 10,000 acres prior to
implementation of the projects that would be necessary to achieve the First
Increment water objective.

Three State Projects 80,000
Phelps Co. Canal Recharge 2,700
Cook Recapture Well 260
Pathfinder Municipal Lease 6,350
No-Cost Net Controllable Conserved 260
Elwood Recharge 2,800
Total 92,370
Other operational WAP projects that ~20,000
have yet to be scored
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM (PRRIP or Program)
2020-2032 Extension Adaptive Management Plan (AMP)

What are CEMs?

CEMs provide a visual framework or graphical representation for the Program’s current or hypothesized
understanding of the central and lower Platte River associated habitats relative to the target species. The
conceptual models describe general functional relationships among essential components of the Platte River
system, present an interpretation of how the Platte River system works, and reflect how Program
management actions intend to alter key processes or attributes. CEMs are also used to identify areas of
uncertainty relevant to Program decision-making to be evaluated and reduced through the application of
adaptive management. During the Extension, the CEMs will be reviewed on a regular basis as new
information becomes available and will be modified as warranted based on science learning from
implementation of the AMP.

How were these CEMs developed?

The CEMs are revised versions of the CEMs included in the original AMP (Program, 2006a) that was
negotiated as part of the Final Program Document (Program, 2006b). The revised CEMs were first
developed by the Executive Director’s Office (EDO) based on a large set of source material:

e Original CEMs and priority hypotheses in the AMP.

e Synthesized learning from the First Increment as summarized in six (6) State of the Platte reports (2012,
2013, 2014, 2015, 2016, 2019).

e Peer-reviewed Program synthesis documents — Tern and Plover Habitat Synthesis Chapters (EDO,
2015) and Whooping Crane Habitat Synthesis Chapters (EDO, 2017).

e Twenty-one (21) Program manuscripts published in refereed journals.

o CEMs developed for adaptive management programs on the Missouri River (Wildhaber et al., 2007;
Buenau et al., 2016) and the Trinity River (TRRP and ESSA, 2009).

e Several publications on the subject of CEMs and their use in recovery, restoration, and adaptive
management programs, including Ogden et al., 2005; Fischenich, 2008; and Nelitz et al., 2015.

e Review of publications recently provided from the U.S. Fish and Wildlife Service on the use of
conceptual models in Structured Decision Making (SDM) numerical modeling exercises, including
Martin et al., 2011; Stenton et al., 2011; and Webb et al., 2015.

The CEMs will be evaluated by, discussed with, and revised in conjunction with the Adaptive Management
Working Group (AMWG) and the Independent Scientific Advisory Committee (ISAC) through a series of
workshops and webinars in 2019 as part of the development of this revised content for the AMP. The final
CEMs will be evaluated by the Technical Advisory Committee (TAC) and approved by the Governance
Committee (GC) as part of approval of the revised AMP. Future updates to the CEMs will be completed by
the EDO, AMWG, and TAC with input from the ISAC and will be approved by the GC.

General Structure of CEMs and Uncertainties
The three CEMs (terns/plovers, whooping cranes, and pallid sturgeon) are grouped according to a mix of
nine categories (adapted from Buenau et al., 2016):

o Drivers are underlying factors that determine much of the dynamics of the Platte River system, but do
not themselves determine physical riverine or target species responses. The drivers include social,
political and economic factors in the basin that are the basis for the development and implementation
of the Program and climate which is largely determinative of basin runoff.

2019 PRRIP Extension AMP 1|Page
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Habitat management represents management actions the Program may undertake during the
Extension.

Physical factors include environmental conditions that drive Platte River structure and function and
that link drivers to hydrological and geomorphological responses.

Habitat responses describe the expected responses of target species habitat to Program management
actions and physical factors.

Habitat performance includes the indicators (metrics) used to evaluate the response of target species
habitat to management actions.

Species management describes additional Program management actions that, in combination with
habitat management, are expected to result in a target species response.

Productivity factors (terns/plover), use factors (whooping cranes), and species responses (pallid
sturgeon are a set of components that describe target species behavior in response to physical factors,
habitat management, species management, and interactions with other species (predation).

Species performance includes the indicators (metrics) used to evaluate the relationships identified in
the conceptual ecological model and the responses of the target species to Program management
actions.

Other factors are larger-scale influences on species performance that are outside the control of the
Program but that may have a large, if not determinative, effect on the species.

The CEMS were developed with enough detail to allow for continued evaluation of the depicted
relationships and to identify and explore critical remaining uncertainties that can be related to Program
management and decision-making.

Key to CEM Figures
The following key pertains to all of the CEMs:

High Effectiveness During Extension (solid boxes) — Based on Program learning, these components
and relationships are anticipated to be effective at meeting Program management objectives during the
Extension. As such, these will be the primary focus of research, monitoring, and associated data
analysis and synthesis during the Extension.

Low Effectiveness During Extension (partially transparent boxes) — Based on Program learning, it
is anticipated that these components and relationships will be ineffective at meeting Program
management objectives during the Extension. As such, these will not be a focus of research, monitoring,
and associated data analysis and synthesis during the Extension.

High Control — High Uncertainty (heavy red arrows) — These relationships are the primary focus of
adaptive management during the Extension. These represent areas of critical uncertainty that require
reduction through research, monitoring, and associated data analysis and synthesis. Each heavy red
arrow is accompanied by a red boxed number to identify the uncertainty. The red boxed numbers carry
over to the tables that follow each CEM and provide more detail on the statement of the uncertainty as
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a Big Question, potential language for underlying hypotheses and competing hypotheses, potential
management actions, key data to be collected, and the source of those data.

o Low Control — High Uncertainty (light red arrows) — These relationships indicate uncertainty but the
lack of ability on the part of the Program to implement management actions to affect these relationships
reduces the level of uncertainty to a second tier that likely will not be the subject of adaptive
management focus during the Extension.

e High Control — Low Uncertainty (heavy black arrows) — These relationships can be affected by
Program management actions but are not uncertain in terms of target species responses due to existing
knowledge or the synthesis of Program learning from the First Increment.

o Low Control — Low Uncertainty (light black arrows) — These relationships are not uncertain in terms
of target species responses but are also not able to be significantly affected by Program management
actions.

Black boxes represent the grouping of similar components to minimize the number of connecting lines and

reduce model complexity to improve readability and enhance focus on a smaller number of the most
relevant uncertainties.
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Tern and Plover Conceptual Ecological Model (CEM; Figure 1)
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This section contains a brief description of the components of the CEM for least terns and piping plovers,
the CEM, and a script providing an explanation of the linkages between components and hyperlinked

citations to key reference documents.

Sl BeE Component Description
Category
Social, Political, Legal, Actions that affect the priorities of the Program, how it is implemented, and the
& Economic bounds of GC decision-making.
Drivers Basin and regional factors affecting water supply and hydrology, such as annual
Climate precipitation, temperature, and resulting weather patterns and their timing and
magnitude over multiple years. Climate conditions affect the social, political, legal,
and economic factors driving Program management.
Flows maintained during the germination season for the purposes of reducing
Channel Inundation vegetation establishment within the channel and maintaining wide channels for the
Release potential establishment of suitable in-channel nesting islands following natural high-
flow events.
Flows of 5,000-8,000 cfs for 3-5 days during the fall to remove annual vegetation
High Flow Release following the germination season for the potential establishment of suitable in-
channel nesting islands following natural high-flow events.
Annual augmentation of sediment for the purposes of reducing the sediment deficit
Program Sediment Augmentation | in the channel to reduce or prevent the downstream migration of channel
Management degradation.
Actions Channel disking, herbicide application, and mechanical channel-widening activities
Mechanical Channel for future channel inundation releases to reduce vegetation establishment and
Maintenance remove vegetation through high flow releases for the potential establishment of
suitable in-channel nesting islands following natural high-flow events.
Established vegetated islands cleared and maintained free of vegetation for the
MCA lIslands purposes of in-channel nesting islands for terns and plovers and eventual channel
widening through lateral erosion for whooping cranes.
Off-Channel Habitat Creation and maintenance of off-channel sand and water nesting habitat for terns
Creation & Maintenance | and plovers.
Hydrology The movement and quantification of river and ground water through the AHR.
The creation and evolution of sandbars and the factors that drive these processes.
Phvsical Sandbar Moroholo Visible result of braided river processes whereby sediment continuously erodes and
Y P 9y deposits in the downstream direction with respect to stage and sandbars are the
Factors ot ; . R
visible waves in which energy is dissipated.
Unvegetated Channel Width of open channel area maintained free of vegetation to encourage on-channel
Width tern and plover nesting within the AHR
. Suitable nesting habitat, as defined by the Program’s minimum habitat criteria,
On-Channel Nesting d and/ intained h f h | ina b d
Habitat created and/or maintained for the purposes of on-channel nesting by terns an
Habitat plovers.
Responses . Suitable off-channel sand and water nesting habitat, as defined by the Program’s
Off-Channel Nesting - . L o h
Habitat minimum habitat criteria, maintained for the purposes of off-channel nesting by terns
and plovers.
Species Trapping, fencing, and other activities implemented to reduce predation on tern and
Management | Predator Control ’ 2
? plover nests, chicks, and adults.
Actions
The state of the atmosphere at a place and time including heat, humidity, solar
Weather . . . )
intensity, wind, rain, etc.
Forage Availability Availability of tern (small-bodied fish) and plover (invertebrates) forage.
Productivit Disturbance Any human activity that reduces the occurrence of and productivity on suitable
Factors y nesting and foraging habitat.
Site Age The age of a nesting site since first established as suitable nesting habitat.
Site Size The size of a nesting site in acres
. The act of mammalian and avian predators consuming tern and plover nests, chicks,
Predation or adults

2019 PRRIP Extension AMP
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S pemE! Component Description
Category
Nest Location The physical location of individual tern and plover nests.
Nest Density Number of tpjrn a_nq plover n_ests per acre of suitable nesting habitat as defined by
the Program’s minimum habitat criteria.
Species Nesting Pairs Number of pairs within a site or the AHR based on the Program’s definition of tern
Performance 9 and plover pairs (Baasch et al. 2015).
Nest & Chick Survival The sur_vwal of tern and plover nests and chicks through hatching and fledging,
respectively.
Fledge Ratio ’l:ﬁrgber of tern and plover fledglings produced per nesting pair within a site or the
) . Nesting and foraging habitat outside the AHR (i.e., McConaughey, lower Platte
Non-Program Habitat River, Missouri River, etc.).
Other Overwinter & Migratory Other factors that reduce or enhance the survival of tern and plover fledglings and
Factors Conditions adults and ultimately influence recruitment.
. The process of terns and plovers distributing throughout their breeding range which
Dispersal . AT S
include immigration and emigration.
Stochastic Events Eggh(?;i cfrl:Ch as disease outbreaks, etc. that reduce the overall size or health of the

2019 PRRIP Extension AMP 5|Page
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Figure 1. Tern and Plover Conceptual Ecological Model
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Tern and Plover CEM Script

08/30/2019

Starting Component(s)

2019 PRRIP Extension AMP

Arrow
Color &

Weight

Ending Component(s)

Hydrology

Description

Data Sources & Citations

Social, legal, political, & economic factors form the basis of the
Program but the ability to implement the Program is influenced by
climate, particularly related to water availability. Goals and
objectives of the Program influence management decisions and
their responses to climate.

Final Program Document;
Extension Document; climate
change input as part of
operational model.

Large amount of uncertainty relative to future impacts of climate
on hydrology and the ability of the Program to model potential
impacts and use those modeling results in Program planning and
implementation. But the Program has no control over the effects
of climate on water availability.

Weather

Uncertainty about the impacts of climate change on local weather
patterns and events which can have a significant impact on
tern/plover productivity, but again the Program can do little to
account for this impact other than to contribute to nesting
dispersal as a backstop against the effects of localized weather
events (heavy rain, hailstorms, etc.).

Climate change input as part
of operational model; maybe
some expected productivity
loss due to more
frequent/intense weather
events included in operational
model and/or models used by
the GC in SDM as part of
decision-making.

Non-Program
Habitat/Overwinter & Migratory
Conditions/Dispersal/Stochastic
Events

Hydrology

Uncertainty about the impacts of climate change on weather
patterns and events which can have a significant impact on
tern/plover survival and recruitment.

Little uncertainty about the bounds of the Program, resources,
water law, etc. that effect the amount of water and land available
for management actions and in turn the ability of the Program to
manage and control water, augment sand, and apply mechanical

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

Little uncertainty about the bounds of the Program, resources,
water law, etc. that effect the amount of water and land available
for management actions and in turn the ability of the Program to
create and maintain off-channel habitat in the AHR.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

Little uncertainty about the bounds of the Program to manage
and control predators in the AHR other than the Services’
willingness to allow avian trapping at off-channel nesting sites.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

Little uncertainty about the relationship between Program flow
management in the summer and river hydrology but the Program
cannot control other important factors such as irrigation return
flows, drought, and runoff events.

Gauging station data

7|Page
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Arrow
Color &
Weight

Starting Component(s) Ending Component(s)

Description

Data Sources & Citations

Hydrology

Little uncertainty about the relationship between peak flows and
river hydrology but peak flows are currently driven by natural
events over which the Program has no control. Program peak
flow management is limited by the Good Neighbor Policy and
conveyance constraints at the North Platte choke point.

Farnsworth et al. 2017;
Farnsworth et al. 2018a;
Gauging station data

Sandbar
Morphology/Unvegetated
Channel Width

The mix of these three Program management activities does
have an impact on channel morphology and width but the largest
factor now is peak flows driven by natural events outside the
control of the Program, except to inform GC and determine if the
peak flows may be protected.

Farnsworth et al. 2015;
Farnsworth et al. 2017;
Farnsworth et al. 2018a

On-Channel Nesting Habitat

The Program can build and manage this habitat to specification.

Tern and Plover Final SDM
Report

Off-Channel Nesting Habitat

The Program can build and manage this habitat to specification.

Baasch et al. 2017a; Farrell
et al. 2018; PRRIP Tern and
Plover Monitoring and

Research Reports

Predation

Possibly some relationship between predation and older sites
(predators figure it out) but there is only so much habitat that can
be purchased and/or developed/managed in the AHR.

PRRIP Tern and Plover
Monitoring and Research

Reports

Sandbar

High correlation but low ability on the part of the Program to

Farnsworth et al. 2015;

Morphology/Unvegetated
Channel Width

On-Channel Nesting Habitat

channel habitat availability to gains or losses in tern/plover
productivity.

Hydrology Morphology/Unvegetated Farnsworth et al. 2017,
Channel Width control natural peak flow events. Farnsworth et al. 2018a
Primarily an issue of forage fish for terns during the summer
S nesting season. Fish need water but there is no data linking low Baasch et al. 2017; Sherfy et
iy FEEER AR or no flows to impacts on forage availability and resulting impacts | al. 2012
on tern productivity.
Sandbar Driven more by natural peak flow events but not data linking on- Famsworth et al. 2015;

Farnsworth et al. 2017;
Farnsworth et al. 2018a;
Farnsworth et al. 2018b

On-Channel Nesting
Habitat/Off-Channel Nesting
Habitat

Acres of Suitable Nesting
Habitat

Off-Channel Nesting Habitat

N

2019 PRRIP Extension AMP

Direct relationship the Program can influence.

PRRIP Tern and Plover
Monitoring and Research
Reports

No linkages to productivity but also driven by natural peak flow
events outside the control of the Program.

PRRIP Tern and Plover
Monitoring and Research
Reports
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https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-hydrology

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-1

https://platteriverprogram.org/document/prrip-tern-and-plover-habitat-synthesis-chapters

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-hydrology

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-1

https://platteriverprogram.org/sites/default/files/PubsAndData/ProgramLibrary/FINAL%202016%20PRRIP%20Tern%20and%20Plover%20SDM%20Report.pdf

https://platteriverprogram.org/sites/default/files/PubsAndData/ProgramLibrary/FINAL%202016%20PRRIP%20Tern%20and%20Plover%20SDM%20Report.pdf

https://platteriverprogram.org/document/nest-site-selection-interior-least-terns-and-piping-plovers-managed-channel-sites-along

https://platteriverprogram.org/document/interior-least-tern-and-piping-plover-nest-and-brood-survival-managed-channel-sites-along

https://platteriverprogram.org/document/interior-least-tern-and-piping-plover-nest-and-brood-survival-managed-channel-sites-along

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/document/prrip-tern-and-plover-habitat-synthesis-chapters

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-hydrology

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-1

https://platteriverprogram.org/document/interior-least-tern-productivity-relation-flow-central-platte-river-valley

https://platteriverprogram.org/document/foraging-ecology-least-terns-and-piping-plovers-nesting-central-platte-river-sandpits-0

https://platteriverprogram.org/document/foraging-ecology-least-terns-and-piping-plovers-nesting-central-platte-river-sandpits-0

https://platteriverprogram.org/document/prrip-tern-and-plover-habitat-synthesis-chapters

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-0

https://platteriverprogram.org/document/reproductive-ecology-interior-least-tern-and-piping-plover-relation-platte-river-1

https://platteriverprogram.org/document/integrating-species-centric-and-geomorphic-centric-views-interior-least-tern-and-piping

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=
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Starting Component(s)

Off-Channel Nesting Habitat

Weather

Arrow
Color &

Ending Component(s)

Description

Data Sources & Citations

Important relationship with productivity and the Program can
exert a high level of control at managed sites.

PRRIP Tern and Plover
Monitoring and Research
Reports

Nesting Pairs/Nest & Chick
Survival/Fledge Ratio

Weather is significant impact but cannot control weather events.

Farrell et al. 2018

Forage Availability

Nesting Pairs/Nest & Chick
Survival/Fledge Ratio

Data from First Increment does not link flow to forage availability
or productivity.

Baasch et al. 2017; Sherfy et
al. 2012

Disturbance

Nesting Pairs/Nest & Chick
Survival/Fledge Ratio

Impact on productivity but Program can control at managed sites.

Inside/outside monitoring
data and report

Site Age/Site Size

Predation

Nest Location

Nesting Pairs/Nest & Chick
Survival/Fledge Ratio

May be relationship between site age and productivity over time
but there are only so many sites the Program can acquire and/or
develop/manage due to limitations in acres, budget, etc.

PRRIP Tern and Plover
Monitoring and Research
Reports

Nesting Pairs/Nest & Chick
Survival/Fledge Ratio

Important area for Program research - determine the impact of
avian predation, types of predators, possible control methods.

Nest Density

Direct relationship, outside the control of the Program.

Baasch et al. 2017a; PRRIP
Tern and Plover Monitoring
and Research Reports

Nest Location/Nest Density

Nesting Pairs/Nest & Chick
Survival/Fledge Ratio

Direct relationship, outside the control of the Program.

Baasch et al. 2017a; Farrell
et al. 2018; PRRIP Tern and
Plover Monitoring and
Research Reports; PRRIP
Tern and Plover Final SDM

Report

Baasch et al. 2015; PRRIP

Nesting Pairs Nest & Chick Survival Direct relationship, outside the control of the Program. Tern and Plover Monitoring
and Research Reports
PRRIP Tern and Plover
Nest & Chick Survival Fledge Ratio Direct relationship, outside the control of the Program. Monitoring and Research

Reports

Non-Program
Habitat/Overwinter &
Migratory

Conditions/Dispersal

Nest Location/Nest Density

These factors likely have significant impacts on tern/plover use
and occurrence and productivity in the AHR but are outside the
control of the Program.

2019 PRRIP Extension AMP
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https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/program-library?field_document_category_ref_target_id=All&field_document_focus_area_ref_target_id=All&field_document_type_ref_target_id=All&field_document_species_ref_target_id=22&title=

https://platteriverprogram.org/document/interior-least-tern-and-piping-plover-nest-and-brood-survival-managed-channel-sites-along

https://platteriverprogram.org/document/interior-least-tern-productivity-relation-flow-central-platte-river-valley

https://platteriverprogram.org/document/foraging-ecology-least-terns-and-piping-plovers-nesting-central-platte-river-sandpits-0
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Whooping Crane CEM (Figure 2) and Sub-models (Figures 3 and 4)

This section contains a brief description of the components of the CEM for whooping cranes, the CEM, and
a script providing an explanation of the linkages between components and hyperlinked citations to key
reference documents. The whooping crane CEM is followed by two sub-models that represent a deeper
explanation of the relationships between hydrology, vegetation, and channel width.

Component .
Category Component Description
Social, Political, Legal, Actions that affect the priorities of the Program, how it is implemented, and the
& Economic bounds of GC decision-making.
Drivers Basin and regional factors affecting water supply and hydrology, such as annual
Climate precipitation, temperature, and resulting weather patterns and their timing and
magnitude over multiple years. Climate conditions affect the social, political, legal,
and economic factors driving Program management.
Late summer or early fall releases of 5,000-8,000 cfs of flow for 3-5 days as
Fall High Flow Release measured at Overton for the purposes of removing annual vegetation established
within the channel.
Channel Inundation Flows rr_lamtamed_ during th(_e g_ermlnatlon season for‘the_ purposes of reducing
vegetation establishment within the channel and maintaining wide unobstructed
Flow Releases . .
channel widths for whooping cranes.
Annual augmentation of sediment for the purposes of reducing the sediment deficit
Sediment Augmentation | in the channel to reduce or prevent the downstream migration of channel
degradation.
Program Disking, herbicide application and mechanical channel-widening activities for
Management | Mechanical Channel creating and maintaining wide unobstructed view widths for whooping cranes and
Actions Maintenance prepping the channel for future summer flow releases to reduce vegetation
establishment and for the removal of annual vegetation through peak flow releases.
Off-Channel Habitat The creation and maintenance of suitable off-channel palustrine wetlands and wet
Creation & Maintenance | meadow habitat for whooping cranes
Flows released during the spring and fall whooping crane migration seasons for the
Roosting Flow Release purposes of enhancing roosting conditions and increasing whooping crane use of
the AHR.
. Augmentation of water via pumping into palustrine wetlands to increase the acres of
Wetland Pumping suitable off-channel roosting area.
Hydrology The movement and quantification of river and ground water through the AHR.
Physical Channel Width Width of channel unobstructed by dense vegetation >2-feet tall.
Factors Vegetation Established, dense vegetation >2-feet tall.
Ice Establishment of ice within the channel with the potential of scouring vegetation
during the winter months.
Acres of Sunab_le On- Acres of channel with 2650-foot-wide unobstructed view widths and >1,100-foot-
Channel Roosting . 3 .
. wide unforested corridor widths.
Habitat
Habitat Acres of Off-channel . : i
Responses Foraging Habitat Acres of Program-defined wet meadow habitat within the AHR.
Acres of Off-Channel . s
Roosting Habitat Acres of palustrine wetlands within the AHR.
Distribution of Use Distribution of whooping crane roosting within the AHR.
. Proportion of the annual population, as determined at Aransas National Wildlife
Proportionate Use Refuge, observed using the AHR through Program monitoring efforts.
Use Factors | On-Channel Roosting Abundance of whooping cranes observed roosting in the channel within the AHR.
Off-Channel Foraging Abundance of whooping cranes observed foraging in wet meadows within the AHR.
Off-Channel Roosting ﬁzlgldance of whooping cranes observed roosting in palustrine wetlands within the

2019 PRRIP Extension AMP
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Component .
Category Component Description
Species . . _— . . . . .
Contribute to Survival Contribution to whooping crane survival which result in population growth.
Performance
Migratory Habitat Suitable roosting and foraging habitat within the migration corridor but outside the
Conditions AHR.
Flows within the AHR not including EA released water or Program flow
Natural Flows h .
augmentation through groundwater recharge and other projects.
Other Breeding Ground Conditions on the breeding ground including nesting habitat availability and
Factors Conditions suitability, forage, weather, etc.
Wintering Ground . N . . A
Conditions Conditions on the wintering ground including forage availability, weather, etc.
Stochastic Events Factors such as disease outbreak, hurricane, etc. that influence the overall size or
health of the population.

2019 PRRIP Extension AMP 11|Page
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Figure 2. Whooping Crane Conceptual Ecological Model
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Whooping Crane CEM Script
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Arrow
Starting Component(s) Color & Ending Component(s)
Weight

Hydrology

Description

Data Sources & Citations

Social, legal, political, & economic factors form the basis of the
Program but the ability to implement the Program is influenced by
climate, particularly related to water availability. Goals and
objectives of the Program influence management decisions and
their responses to climate.

Final Program Document;
Extension Document; climate
change input as part of
operational model

Large amount of uncertainty relative to future impacts of climate on
hydrology and the ability of the Program to model potential impacts
and use those modeling results in Program planning and
implementation. But the Program has no control over the effects of
climate on water availability yet may be able to mitigate its effects.

Migratory Habitat
Conditions/Breeding
Ground
Conditions/Wintering
Ground
Conditions/Natural
Flows/Stochastic Events

2019 PRRIP Extension AMP

Large amount of uncertainty relative to future impacts of climate on
habitat and other conditions outside the AHR.

Little uncertainty about the bounds of the Program, resources, water
law, etc. that effect the amount of water available for management
actions and in turn the ability of the Program to manage and control
water actions in the AHR.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

Little uncertainty about the bounds of the Program, resources that
effect the amount of land available for management actions and in
turn the ability of the Program to apply mechanical actions in the
AHR.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

Little uncertainty about the bounds of the Program, resources that
effect the amount sediment augmentation activities and in turn the
ability of the Program to augment sand in the AHR.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0
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Starting Component(s)

2019 PRRIP Extension AMP

Arrow
Color &
Weight

Ending Component(s)

Distribution of Use

Description

Data Sources & Citations

Little uncertainty about the bounds of the Program, resources that
effect the amount of land available for management actions and in
turn the ability of the Program to apply mechanical actions in the
AHR.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

High uncertainty about the relationship between Program flow
management during migration and whooping crane use.

Baasch et al. 2017; Farnsworth
et al. 2018; Gauging station data

Little uncertainty about the relationship between Program flow
management and river hydrology but the Program cannot control

Baasch et al. 2017; Farnsworth

Ay other important factors such as natural peak flow events (except to et al. 2018; Gauging station data
inform GC to possibly protect the peak flows).
Important uncertainty to explore related to GC policy decision to
implement a fall high flow release during the Extension and
Channel ) S - . € .
Width\Vegetation Program Ie_)arnmg that |nd|cates_a spring SDHF as enV|S|0ne_d in
AMP Version 1.0 will not result in intended effects on whooping
crane habitat.
Channel Important uncertainty to explore - ability of Program to manage
Width/Vegetation available water to impede vegetation germination and thus maintain
9 or expand unvegetated channel width.
Channel Strong relationship between mechanical channel maintenance and %w;nd In-channel
Width/Vegetation channel width and vegetation. Vegetation Monitoring data
Channel Relationship between sediment and channel width and vegetation Tetra Tech 2014;
Width/Vegetation but morphology largely outside of Program control due to events Geomorphology and In-channel

like natural peak flows.

Vegetation Monitoring data

Acres of Suitable Off-
Channel Roosting Habitat

WC do use off-channel wetland areas for roosting but there is only
so much of that habitat that can be acquired/developed/managed by
the Program and use has been low within the AHR..

Howlin and Nasman 2017;
Baasch et al. 2019a

Acres of Suitable Off-
Channel Foraging Habitat

WC do use off-channel wet meadow areas for foraging but there is
only so much of that habitat that can be
acquired/developed/managed by the Program and use has been
low within the AHR..

Howlin and Nasman 2017;
Baasch et al. 2019a
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Starting Component(s)

Arrow
Color &
Weight

Ending Component(s)

Description

Data Sources & Citations

Acres of Suitable Off-
Channel Roosting Habitat

WC do use off-channel wetland areas for roosting but there is only
so much of that habitat that can be acquired/developed/managed by
the Program and use has been low within the AHR.

Tetra Tech 2014;
Geomorphology and In-channel
Vegetation Monitoring data

Farnsworth et al. 2018; Baasch

Influence of vegetation ratchet effect.

Channel Interactive effects of hydrology, channel width, and vegetation. ;
ity Width/Vegetation Influence of vegetation ratchet effect. ;t azl.oigl?. Pollen-Bankhead et
. . . Pollen-Bankhead et al. 2014;
Channel Width Vegetation Interactive effects of hydrology, channel width, and vegetation. Baasch et al. 2017: Farnsworth

etal. 2018

Hydrology

Channel Width/Vegetation

Ice

Acres of Suitable On-
Channel Roosting Habitat

Acres of Suitable Foraging
Habitat

Acres of Suitable Off-
Channel Foraging Habitat

Connection between Program flow management activities and wet
meadow hydrology sufficient enough to improve foraging conditions
for whooping cranes.

Wet meadow ground water
monitoring data

Acres of Suitable On-
Channel Roosting Habitat

Program mechanical management and extreme natural high flow
events can have a large impact on this.

Pearse et al. 2016; Baasch et al.

2017; Howlin and Nasman
2017; Baasch et al. 2019b

Channel Likely an important relationship to explore and understand but very
Width/Vegetation difficult for the Program to control, experiment, or monitor to learn.
Uszllsl;[:'g)uctﬁigr?;te Pearse et al. 2016; Baasch et al.
P Important uncertainty to explore during the Extension. 2017; Howlin and Nasman
Use/On-Channel !
b 2017; Baasch et al. 2019b
Roosting

Off-Channel Foraging

Important uncertainty to explore during the Extension.

Pearse et al. 2016; Baasch et al.

2019a

Acres of Suitable Off-
Channel Roosting Habitat

Off-Channel Roosting

Important uncertainty to explore during the Extension.

Distribution of
Use/Proportionate Use/On-
Channel Roosting

Contribute to Survival

Migratory nature of WC and stopover use of AHR make determining
this relationship difficult.

Off-Channel Foraging

Contribute to Survival

Migratory nature of WC and stopover use of AHR make determining
this relationship difficult.

Off-Channel Roosting

Contribute to Survival

Migratory nature of WC and stopover use of AHR make determining
this relationship difficult.

2019 PRRIP Extension AMP
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Starting Component(s)

Arrow
Color &
Weight

Ending Component(s)

Description

Data Sources & Citations

Non-Program
Habitat/Natural
Flows/Breeding Ground
Conditions/Wintering
Ground
Conditions/Stochastic
Events

Contribute to Survival

These factors likely have significant impacts on the whooping crane
population but are outside the control of the Program.

2019 PRRIP Extension AMP
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PLATTE RIVER

Annual and Perennial Vegetation Establishment Sub-model (Figure 3)
This sub-model relates the potential channel inundation flow release and the high flow release to vegetation
germination and vegetation scour.

Figure 3. Annual and perennial vegetation establishment sub-model.
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Vegetation Sub-model Script
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Starting Component(s)

Channel Inundation Flow
Releases

High Flow Release

Bar Spraying/Disking

Mixed Herb-Shrub

Gallery Forest/Thicket

2019 PRRIP Extension AMP

Arrow

Ending Component(s)

Description

Data Sources & Citations

Newly Formed Sandbars

Important uncertainty to explore - ability of Program to manage
available water to impede vegetation germination and thus maintain
or expand unvegetated channel width.

Stage Zero Riverbed

Important uncertainty to explore related to GC policy decision to
implement a release 5,000 — 8,000 cfs for three days in September
during the Extension and Program learning that indicates a spring
SDHF as envisioned in AMP Version 1.0 will not result in intended
effects on whooping crane habitat.

Newly Formed
Sandbars/Annual Herb
and Woody Seedlings

Strong relationship between mechanical channel maintenance and
channel width and vegetation. These management activities take
the channel back to a stage-zero riverbed.

Farnsworth et al. 2018

Tree Clearing/Bank
Spraying and
Disking/Mechanical
Channel Widening

Strong relationship between mechanical channel maintenance and
channel width and vegetation. These management activities take
the channel back to a stage-zero riverbed.

Farnsworth et al. 2018

Tree Clearing/Bank
Spraying and
Disking/Mechanical
Channel Widening

Strong relationship between mechanical maintenance and channel
width and vegetation. These management activities take the
channel back to a stage-zero riverbed.
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99  Phragmites Sub-Model (Figure 4)
100  This sub-model relates the potential channel inundation flow release to the prevention of phragmites
101 germination.

102 Figure 4. Phragmites sub-model.
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Once phragmites becomes established, there is
little potential for erosion, even during large flood
events.
MECHANICAL
MANAGEMENT Q
ACTIONS | Qg
AR 11,000 CFS
PHRAGMITES
| Bankfull
ANNUAL YES 8.000 CFS
s 2
Qﬁmnéi HERBICIDE?
3FT—{ [ Inundaton Flow LG
Release 6,700 CFS
\ MIXED 8
| W5
Veg PEGRIE/T;%AL ] 5,000 CFS
- /(,9/’ PHRAGMITES i AL Herbicde
HERB
NEWLY-
FORMED Disking
SAND BAR Disking _Mean Ann.
1FT — 1,700 CFS
] Mechanical
w Mechanical Channel £
(O] High Flow Release Channel Widening >
& Widening b
» v v v o
Adapted from Gurnell and Petts 2006. AVERAGE CHANNEL BED ELEVATION
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Starting Component(s)

Channel Inundation Flow
Releases

Annual Herbicide

No Annual Herbicide

Mixed Perennial Grass and
Annual Herbs

Phragmites

2019 PRRIP Extension AMP

Arrow
Color &
Weight

Ending Component(s)

Description

Data Sources & Citations

Newly Formed Sandbars

Important uncertainty to explore - ability of Program to manage
available water to impede vegetation germination and thus maintain
or expand unvegetated channel width.

Mixed Perennial Grass
and Annual Herbs

Phragmites

Disking/Mechanical
Channel Widening

Strong relationship between mechanical channel maintenance and
channel width and vegetation. These management activities take
the channel back to a stage-zero riverbed.

Herbicide/
Disking/Mechanical
Channel Widening

Strong relationship between herbicide, disking, mechanical
maintenance and channel width and vegetation. These
management activities take the channel back to a stage-zero
riverbed.

Pollen-Bankhead et al. 2014;
Farnsworth et al. 2018
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Pallid Sturgeon CEM (Figure 5)

This section contains a brief description of the components of the CEM for pallid sturgeon, the CEM, and
a script providing an explanation of the linkages between components and hyperlinked citations to key

reference documents.

Component .
Category Component Description
Social, Political, Legal, Actions that affect the priorities of the Program, how it is implemented, and the
& Economic bounds of GC decision-making.
Drivers Basin and regional factors affecting water supply and hydrology, such as annual
. precipitation, temperature, and resulting weather patterns and their timing and
Climate . . ; - - -
magnitude over multiple years. Climate conditions affect the social, political, legal,
and economic factors driving Program management.
Flow Releases Flow management actions implemented by the Program to enhance pallid sturgeon
Program use and productivity within the lower Platte River.
Management
Actions . . Sediment management actions implemented by the Program to enhance pallid
Sediment Augmentation AR -
sturgeon use and productivity within the lower Platte River.
Physical Hvdrolo The movement and quantification of river and ground water through the central and
Factors y ay lower Platte River.
Channel Connectivity Connectivity of the channel suitable for adult pallid sturgeon migration between
deeper pools of water.
Habitat ing Habi Areas within the lower Platte River suitable f ful pallid i
Responses Spawning Habitat reas within the lower Platte River suitable for successful pallid sturgeon spawning.
Foraging Habitat Areas within the lower Platte River suitable for successful pallid sturgeon foraging.
s . Successful release and deposit eggs and sperm that result in fertile pallid sturgeon
pawning
eggs.
) ) Survival of sub-adult and juvenile pallid sturgeon that results in recruitment into the
Juvenile Survival population and ultimately population growth.
Species . . ) . . .
Responses Adult Survival Survival of adult pallid sturgeon that results in population maintenance and growth.
. The process of pallid sturgeon distributing themselves throughout their breeding
Dispersal Ev ok .
range via migration and larval drift.
Forage Prey species suitable for pallid sturgeon consumption.
Lower Platte River Use Abundanqe of pallid sturgeon using the lower Platte River for foraging and
reproduction.
; Lower Platte River . . .
Species Spawning Occurrence & Abundance of pallid sturgeon using the lower Platte River for successful
Performance Sp 9 reproduction.
uccess
. The result of successful reproduction and survival of juvenile pallid sturgeon until
Recruitment .
sexual maturity.
Missouri/Other River Flows, pallid sturgeon habitat suitability and availability, etc. in rivers outside the
Conditions lower Platte River.
Other Rate of pallid st tocking within the lower Platte River and other ri
Factors Stocking Rates ate of pallid sturgeon stocking within the lower Platte River and other river

segments including the Missouri River, Yellowstone River, Mississippi River, etc.

Natural Flows

Flows within the central and lower Platte River excluding EA released water or
Program flow augmentation through groundwater recharge and other projects.
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111 Figure 3. Pallid Sturgeon Conceptual Ecological Model
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Sturgeon CEM Script
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Arrow

Starting Component(s)
Weight

Color &

Ending Component(s)

Description

Data Sources & Citations

Social, legal, political, & economic factors form the basis of the
Program but the ability to implement the Program is influenced by
climate, particularly related to water availability. Goals and
objectives of the Program influence management decisions and
their responses to climate.

Final Program Document;
Extension Document; climate
change input as part of
operational model

Hydrology

Large amount of uncertainty relative to future impacts of climate on
hydrology and the ability of the Program to model potential impacts
and use those modeling results in Program planning and
implementation. But the Program has no control over the effects of
climate on water availability yet may be able to mitigate its effects.

Missouri/Other River
Conditions/Stocking
Rates/Natural Flows

Large amount of uncertainty relative to future impacts of climate on
hydrology and the ability of the Program to model potential impacts
and use those modeling results in Program planning and
implementation. But the Program has no control over the effects of
climate on water availability.

Little uncertainty about the bounds of the Program, resources,
water law, etc. that effect the amount of water available for lower
Platte River pallid sturgeon-related management actions and in turn
the ability of the Program to manage and control that water moving
from the central Platte to the lower Platte.

Final Program Document;
Extension Document; AMP
Versions 1.0 and 2.0

Hydrology

Little uncertainty about the relationship between Program flow
management and river hydrology. Stage change study indicates
there is an inability to detect Program flow management actions in
the lower Platte but remaining uncertainty about this on the part of
some Program parties makes this an area of high uncertainty.

Stage change study

Part of the large amount of uncertainty regarding pallid sturgeon

Connectivity/Spawning
Habitat/Foraging Habitat

Survival/Adult
Survival/Dispersall Forage

Channel use, occurrence, spawning, and recruitment in the lower Platte
Hydrology Connectivity/Spawning River; the types and use of pallid sturgeon habitat in the lower
Habitat/Foraging Habitat | Platte River; and the relationship between these habitat types and
hydrology.
Part of the large amount of uncertainty regarding pallid sturgeon
Channel Spawning/Juvenile use, occurrence, spawning, and recruitment in the lower Platte

River; the types and use of pallid sturgeon habitat in the lower
Platte River; and the relationship between these habitat types and
hydrology.
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Starting Component(s)

Arrow
Color &
Weight

Ending Component(s)

Description

Data Sources & Citations

Spawning/Juvenile
Survival/Adult
Survival/Dispersal/Forage

Lower Platte River
Use/Lower Platte River
Spawning Occurrence &
Success/Recruitment

Part of the large amount of uncertainty regarding pallid sturgeon
use, occurrence, spawning, and recruitment in the lower Platte
River; the types and use of pallid sturgeon habitat in the lower
Platte River; and the relationship between these habitat types and
hydrology.

Lower Platte River Use

Lower Platte River
Spawning Occurrence &
Success

Direct relationship, outside the control of the Program.

EDO White Paper

Lower Platte River Spawning
Occurrence & Success

Recruitment

Direct relationship, outside the control of the Program.

Missouri/Other River
Conditions/Stocking
Rates/Natural Flows

Lower Platte River
Use/Lower Platte River
Spawning Occurrence &
Success/Recruitment

These factors likely have significant impacts on pallid sturgeon use
and occurrence in the lower Platte River but are outside the control
of the Program.
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What are Big Questions?

The Big Questions are statements of key scientific and technical uncertainties used to communicate with
the GC regarding the results of AMP implementation and progress toward meeting the management
objectives. These questions and the uncertainties they describe form the core structure of the AMP and are
directly related to decisions regarding implementation of management actions, assessment of target species’
response to those management actions, how best the Program can spend its resources (money, land, water,
etc.), and ultimately the success or failure of the Program.

Table X below identifies the Big Questions and the underlying priority management hypotheses (and
alternative hypotheses) for the Extension. The Big Questions are grouped according to the management
objectives for terns/plovers, whooping cranes, and pallid sturgeon and are linked back to key areas of
uncertainties identified in the corresponding CEMs. A quick-reference assessment will be provided for each
Big Question starting with the beginning of Extension implementation in 2020 and will be updated each
year via the annual State of the Platte Report. Each assessment will include information noting any updates
or changes from previous State of the Platte reports.

To assist the GC with quickly evaluating the 2019 Big Question assessments, the following icons will be
used to visually summarize the basic conclusion for each question:

e  Big Question and underlying hypotheses answered conclusively in the affirmative.

. Foundational documents, analysis, and other references on which this assessment is based have

' ' undergone peer review through the PRRIP peer review process and/or publication in refereed journals.

e  Governance Committee should consider adjustments to decisions related to PRRIP management actions.

e  Affirmative answer or trend, but Big Question and underlying hypotheses NOT answered conclusively.

e Assessment can be based on draft documents and analysis, but peer review and/or publication may be

' pending.

e To the extent possible, consider what information is necessary to change this designation.

e Evidence thus far is inconclusive; no affirmative or negative answer/trend to Big Question and underlying
hypotheses.

} e Assessment can be based on draft documents and analysis, but peer review and/or publication may be
pending.

e To the extent possible, consider what information is necessary to change this designation.

. Negative answer or trend, but Big Question and underlying hypotheses NOT answered conclusively.

' e Assessment can be based on draft documents and analysis, but peer review and/or publication may be
pending.

e To the extent possible, consider what information is necessary to change this designation.

e  Big Question and underlying hypotheses answered conclusively in the negative.

' 3 ' e  Foundational documents, analysis, and other references on which this assessment is based have

. undergone peer review through the PRRIP peer review process and/or publication in refereed journals.
e Governance Committee should consider adjustments to decisions related to PRRIP management actions.

Thumbs up or down indicate a trend in the affirmative or negative and may point to the need to re-evaluate
management actions based on collected data and analysis. The “unknown character” is used when there is
not enough evidence to indicate a trend in either direction or more time is needed to collect appropriate data
and conduct analyses. These icons are intended to provide the GC with a quick and visual means to see
where the Program stands each year in moving towards resolution of the Program’s most significant
scientific questions as they relate to management decision-making and assessing the management
objectives.
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CEM PRRIP Extension Big Question

2020
Assessment

Basis for Assessment

Management Objective: Improve production of the interior least tern and piping plover from the central Platte River.

Broad Uncertainty — Relationship between avian predation and tern and plover productivity.

Tern/Plover

Predator control test

Trapping mammalian predators at all sites
and avian predators at a subset of off-
channel sand and water (OCSW) habitat
sites.

Other options: let sites age/veg over, tree
removal

1. Can the Program improve plover chick survival through
additional management actions?

2

TP1 — Avian predator control is necessary for meeting three-year running average fledge ratios and sustaining sufficient long-term

tern and plover productivity within the AHR.

e  Productivity at sites with avian predator control is significantly higher than at sites without avian predator control.
. Avian predator control has a biologically significant benefit for the fledge ratios of least terns and piping plovers.
e habitat quality (including the effects of predation) and the target is to maintain a fledge ratio necessary to achieve a stable or

increasing population (lambda >=1) on existing sites

TP1at1 — Avian predator control is not necessary to meet three-year running average fledge ratio objectives and sustain sufficient

long-term tern and plover productivity within the AHR.

Management Objective: Contribute to the survival of whooping cranes during migration.
Broad Uncertainty — Relationship between flow, maintaining suitable unobstructed channel width (UOCW), and whooping crane use of the Associated Habitat

Reach (AHR).

2. Will flow management during the spring and fall whooping
crane (WC) migration seasons, in combination with other 4
management actions, help the Program continue to meet

Whooping Crane

E

the WC management objective?

WC migration flow management (spring
and fall migration)

Provide a range of flows during multiple
spring and fall migration seasons.

WC1 - The frequency of WC use of the AHR declines when flows are below 1,500 cfs, but there is no incremental benefit of

increasing flow above 1,500 cfs.

WC1a11 — The frequency of WC use of the AHR increases with flow.

WC1ai2 — The frequency of WC use of the AHR is not influenced by flow.

2019 PRRIP Extension AMP
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CEM PRRIP Extension Big Question e Basis for Assessment
9 Assessment
Whooping crane | 3. Can low-magnitude, long-duration flow releases during the >
(see Vegetation germination period be used to maintain suitable UOCW in (E
Sub-Model) the channel when large natural peak flows do not occur?

Flow management test

Maintain 1,200 — 2,400 cfs during June 1 —
July 15 and evaluate change in UOCW
annually.

VEGL1 - Maintaining average flows of 1,800 cfs during the germination period (June 1 — July 15) will prevent vegetation
encroachment into the channel where it exceeds 650 ft, thereby maintaining 650 ft UOCWSs for whooping cranes.

VEG1a11 — Maintaining average flows of 2,400 cfs during the germination period (June 1 — July 15) will prevent vegetation
encroachment into the channel where it exceeds 650 ft, thereby maintaining 650 ft UOCWSs for whooping cranes.

VEG1a2 — Maintaining average flows of 1,200 cfs during the germination period (June 1 — July 15) will prevent vegetation
encroachment into the channel where it exceeds 650 ft, thereby maintaining 650 ft UOCWSs for whooping cranes.

Flow management test

Implement 5,000 — 8,000 cfs releases for
three days during September and evaluate
change in UOCW annually.

Whooping Crane | 4. Can late summer releases of 5,000 — 8,000 cfs for 3 days >
(see Vegetation remove <1-year-old vegetation in channels with 650-foot }
Sub-Model) wide UOCWSs?

VEG2 — Flows of 8,000 cfs for three days in September will remove enough <1-year-old vegetation in channels with 650-foot wide
UOCWs to maintain those widths.

VEG2a11 — Flows of 5,000 cfs for three days in September will remove enough <1-year-old vegetation in channels with 650-foot wide
UOCWs to maintain those widths.

VEG2ai2 — Flows of 12,000 cfs for three or more days in September are needed to remove enough <1-year-old vegetation in
channels with 650-foot wide UOCWSs to maintain those widths.

2019 PRRIP Extension AMP

27|Page






PRRIP — EDO DRAFT

08/30/2019

CEM PRRIP Extension Big Question

2020

Basis for Assessment
Assessment

Management Objective: Avoid adverse impacts from Program actions on pallid sturgeon populations.
Broad Uncertainty — Relationship between Program water management actions and pallid sturgeon habitat availability in the lower Platte River (LPR).

Pallid Sturgeon
g LPR?

Revise & expand stage change study
Research uncertainty — Implement
expanded stage change study in the lower
Platte River below the confluence with the
Elkhorn River.

NOTES:

5. Are Program flow management actions detectable in the YEJ

PS1 — Program flow management actions, including the diversion of flows in excess to targets, are detectable in the lower Platte
River below the mouth of the Elkhorn River.

Need to consider flow additions as well

Are Program water withdrawals for re-timing detectable below the Loup River?

Still trying to define what habitat is; piggyback on learning from Missouri River over next 3-4 years

PS1at1 — Program flow management actions are not detectable in the lower Platte River below the mouth of the Elkhorn River.

e If PS1 affirmed, develop operational rules for Program water projects and water management actions, and GC decision on investigating PS2 and PS3. If PS1 rejected, STOP
and GC decision on meaning of Program goal language in the Final Program Document — ‘testing the assumption that managing flow in the central Platte River also improves
the pallid sturgeon’s lower Platte River habitat.”

. PS1, PS2, & PS3 are spatially constrained by the definition of associated habitat in the Final Program Document — “With respect to the pallid sturgeon, the term “associated
habitat” means the lower Platte River between its confluence with the Elkhorn River and its confluence with the Missouri River.”

Pallid Sturgeon

Intensive monitoring and research
Research uncertainty — Implement in-depth
research study in the lower Platte River
below the confluence with the Elkhorn
River to define spawning habitat; determine
when and how pallid sturgeon use that
spawning habitat; and relate spawning
habitat availability to unfavorable
hydrologic events.

6. Do Program flow management actions influence pallid
sturgeon spawning habitat in the LPR?

e

PS2 — Program flow management actions are detectable in the lower Platte River below the mouth of the Elkhorn River and have a
detectable effect the availability of habitat utilized by pallid sturgeon for spawning.

PS24111 — Program flow management actions do not result in a detectable effect on key metrics of pallid sturgeon spawning habitat in
the lower Platte River.

PS2a11, — Program flow management actions provide a detectable contribution to the pallid sturgeon spawning cue of diurnal water
temperature during the April-May spawning window.
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Intensive monitoring and research
Research uncertainty — Implement in-depth
research study in the lower Platte River
below the confluence with the Elkhorn
River to define foraging habitat; determine
when and how pallid sturgeon use that
foraging habitat; and relate foraging habitat
availability to unfavorable hydrologic
events.

. . . 2020 .
CEM PRRIP Extension Big Question e —— Basis for Assessment
. 7. Do Program flow management actions influence pallid 4
Pallid Sturgeon . . .
sturgeon foraging habitat in the LPR?

PS3 - Program flow management actions are detectable in the lower Platte River below the mouth of the Elkhorn River and have a
detectable effect the availability of habitat utilized by pallid sturgeon for foraging.

PS3a111 — Program flow management actions do not result in a detectable effect on key metrics of pallid sturgeon foraging habitat in
the lower Platte River.

PS3ai2 — Program flow management actions provide a detectable contribution to the pallid sturgeon foraging habitat metric of
connectivity with channel-margin habitat during the LPR low flow period of July-August.
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Terns and Plovers (Big Question #1)

Management Objective
Improve production of the interior least tern and piping plover from the central Platte River.

Broad Uncertainty
Relationship between avian predation and tern and plover productivity.

Extension Big Question
1. Does avian predation prevent the Program from meeting the tern and plover management objective?

AMP Management Action(s)
Predator control test — Trapping mammalian predators at all sites and avian predators at a subset of OCSW
sites.

Priority Management Hypothesis
TP1 — Avian predator control is necessary to meet three-year running average fledge ratio objectives and
sustain sufficient long-term tern and plover productivity within the AHR.

Alternative Hypothesis
TP1ain — Avian predator control is not necessary to meet three-year running average fledge ratio
objectives and sustain sufficient, long-term tern and plover productivity within the AHR.

Considerations

o Working assumption — the Program is currently meeting the management objective and the GC
decided to adjust management for terns and plovers related to OCSW habitat, MCA habitat, and flow;
it is hypothesized that one of the key remaining uncertainties that might negatively affect long-term
maintenance of target tern and plover fledge ratios is avian predation.

o Plover productivity has declined substantially since the Program quit increasing new habitat, sites are
getting older, and it appears avian predators may be keying in on these older sites.
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210  How do we visualize this for the GC?
211 e Graph, table, or other idea
212 e Metrics — what, why, how

213
214  Sample X-Y Graphs
215
216 —TP1
X N_ ) A
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2007 2010 2013 2016 2019 2022 2025 2028 2031
#— Historic Data Lutey (2002) Objective
©— Hypothesized Without Avian Trapping A~ Hypothesized With Avian Trapping

217
218 e Use real data
219 e Separate graph for terns and plovers
220 e Include breeding pair numbers and fledges or total chicks produced; show trends over time
221 e Are we meeting the management objective? — need to see multiple metrics graphed over time, see pre-

222 2007 numbers

223 e May reach plateau on breeding pairs or other numbers over time; indication we are still providing high-
224 quality habitat

225

226  Sample Performance Indicators

227 e Target interior least tern fledge ratio — 0.70, three-year running average from Lutey (2002). This metric

228 is calculated annually by the EDO based on data collected through implementation of the Program’s
229 tern and plover monitoring protocol.

230

231 e Target piping plover fledge ratio — 1.13, three-year running average from Lutey (2002). This metric is
232 calculated annually by the EDO based on data collected through implementation of the Program’s tern
233 and plover monitoring protocol.

234

235 e Avian trapping — report presence or absence of avian trapping on Program OCSW nesting habitat site,
236 reproductive success at trapped and non-trapped sites, and number of avian predators trapped per site.
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Whooping Cranes (Big Questions #2-#4)

Management Objective
Contribute to the survival of whooping cranes during migration.

Broad Uncertainty
Relationship between flow, maintaining suitable unobstructed channel width (UOCW), and whooping
crane use of the Associated Habitat Reach (AHR).

Extension Big Question
2. Does Program flow management influence whooping crane riverine use in the AHR?

Is probability of WC use related to flow during the Program-defined crane migration seasons?
Need to specify flow and what we mean by “in combination with other management actions”?
Why do they stop?

Why do they stay?

Focus on impacting roosting habitat

AMP Management Action(s)
WC migration flow management (spring and fall migration) — Provide a range of flows during multiple
spring and fall migration seasons.

Priority Management Hypothesis
WC1 - The frequency of WC use of the AHR declines when flows are below 1,500 cfs, but there is no
incremental benefit of increasing flow above 1,500 cfs.

e What is the flow metric?
e What is the flow range during the WC migration season that is roosting habitat?

Alternative Hypotheses
W(Cl1lai1 — The frequency of WC use of the AHR increases with flow.

WC1aiz — The frequency of WC use of the AHR is not influenced by flow.

Considerations

o Working assumption —the Program is currently meeting the management objective; it is hypothesized
that there is a narrow range of flows that may correlate to increased WC use of the AHR.

e Whooping crane use of the AHR has increased significantly during the spring migration.

e Use appears to be higher when flows are between 1,500 and 2,000 cfs (new telemetry data will be used
to evaluate this further).

e Based on 2-D modeling suitable width-depth ratios are maximized when flows are between 1,500 and
2,000 cfs.

e Based on 2019 data, no use occurred until flows dropped below 3,500 cfs.
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279  How do we visualize this for the GC?
280 e Graph, table, or other idea
281 e Metrics — what, why, how

282
283  Sample X-Y Graphs
284
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308  Sample Performance Indicators
309 e Target whooping crane use of the AHR — 6% (spring) and 3.5% (fall) 5-year running average based on

310 five-year running averages, 2007-2018 (below 2007-2015; above 2016-2018). This metric is calculated
311 annually by the EDO based on data collected through implementation of the Program’s whooping crane
312 monitoring protocol.
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Management Objective
Contribute to the survival of whooping cranes during migration.

Broad Uncertainty
Relationship between flow, maintaining suitable unobstructed channel width (UOCW), and whooping
crane use of the Associated Habitat Reach (AHR).

Extension Big Question
3. Can low-magnitude, long-duration flow releases during the germination period be used to maintain
suitable UOCW in the channel when large natural peak flows do not occur?

AMP Management Action(s)
Flow management test — Maintain 1,200 — 2,400 cfs during June 1 —July 15 and evaluate change in UOCW
annually.

Priority Management Hypothesis

VEGL1 - Maintaining average flows of 1,800 cfs during the germination period (June 1 — July 15) will
prevent vegetation encroachment into the channel where it exceeds 650 ft, thereby maintaining 650 ft
UOCWs for whooping cranes.

o Has to be a given that phrag control is ongoing; but does that mean it is not necessary to use water to
control cottonwoods, etc. (if you spray one, you spray them all; same for mech.)

Changes in channel width represented in graph assumes ongoing phrag control

How much, how long, when

Flow links to cockleburs and phrag

Late season annual veg and crane obstruction

Alternative Hypotheses

VEG1lai1 — Maintaining average flows of 2,400 cfs during the germination period (June 1 — July 15) will
prevent vegetation encroachment into the channel where it exceeds 650 ft, thereby maintaining 650 ft
UOCWs for whooping cranes.

VEG1lairz — Maintaining average flows of 1,200 cfs during the germination period (June 1 — July 15) will
prevent vegetation encroachment into the channel where it exceeds 650 ft, thereby maintaining 650 ft
UOCWs for whooping cranes.

Considerations

¢ \Working assumption —the Program is currently meeting the management objective; it is hypothesized
that flow management during the summer vegetation germination period may have an effect on
maintaining UOCW.

e Based on 2-D modeling, channels are generally >90% inundated when flows are 1,800 cfs.

e Based on recent EDO modeling efforts, it appears there is an influence of channel inundation during
the germination season on maintaining unvegetated widths.

o X-Y graphs will be updated with results of final 2-D modeling efforts.
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357 How do we visualize this for the GC?
358 e Graph, table, or other idea
359 e Metrics — what, why, how

360
361 Sample X-Y Graph
362
363 VEG1
364 VEG1ai1
365 VEG1ai2
366 2,400
367 &
L
368 3 1,800
369 o
L
370 1,200
371
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373 ,
374 /
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378 650
379 Unvegetated Channel Width (ft)
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-
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0
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Average Wetted Width (ft)
381
382

383  Sample Performance Indicators
384 e Target whooping crane habitat suitability — Maintain >650-foot wide UOCW and 1,100-foot unforested

385 widths on PRRIP properties which are based on Program habitat selection analyses. This metric is
386 calculated annually by the EDO based on data collected through implementation of the Program’s
387 geomorphology and vegetation monitoring protocol.

388
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389  QI: Clarifying the impact of “sustained peak flows” on unobstructed channel width (UOCW) maintenance
390  (see Fig. 2,3 of PRRIP AMP).

391 What levels of 40-day annual peak flows are associated with the maintenance of stable, decreasing,
392 and increasing unobstructed channel widths (UOCWs)?

% Change in UOCW Following Various Annual 40-Day Peak Flow Regimes

0 2000 4000 6000 8000 10000 12000 14000 16000
a0 T - : : :
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20 /
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Management Objective
Contribute to the survival of whooping cranes during migration.

Broad Uncertainty
Relationship between flow, maintaining suitable unobstructed channel width (UOCW), and whooping
crane use of the Associated Habitat Reach (AHR).

Extension Big Question
4. Can late summer releases of 5,000 — 8,000 cfs for 3 days remove <1-year-old vegetation in channels
with 650-foot wide UOCWSs?

AMP Management Action(s)
Flow management test —implement 5,000 — 8,000 cfs releases for three days during September and evaluate
change in UOCW annually.

Priority Management Hypothesis
VEG?2 — Flows of 8,000 cfs for three days in September will remove enough <1-year-old vegetation in
channels with 650-foot wide UOCWSs to maintain those widths.

Alternative Hypotheses
VEG2ai1 — Flows of 5,000 cfs for three days in September will remove enough <I-year-old vegetation in
channels with 650-foot wide UOCWSs to maintain those widths.

VEG2ai2 — Flows of 12,000 cfs for three or more days in September are needed to remove enough <I-year-
old vegetation in channels with 650-foot wide UOCWSs to maintain those widths.

Considerations

o Working assumption —the Program is currently meeting the management objective; it is hypothesized
that a fall SDHF may have an effect on vegetation scour and thus maintaining UOCW.

e Based on 2-D SedVeg model and Bankhead research, cottonwood seedlings can be uprooted (scoured)
when inundated by 2.5-2.7 feet of flow.

e X-Y graphs will be updated with results of final 2-D modeling efforts.
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427 How do we visualize this for the GC?
428 o Graph, table, or other idea
429 e Metrics — what, why, how

430
431 Sample X-Y Graph
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454 Sample Performance Indicators
455 o Target whooping crane habitat suitability — Maintain >650-foot wide UOCW and 1,100-foot unforested

456 widths on PRRIP properties which is based on Program habitat selection analyses. This metric is
457 calculated annually by the EDO based on data collected through implementation of the Program’s
458 geomorphology and vegetation monitoring protocol.
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Pallid Sturgeon (Big Questions #5-#7)

Management Objective
Avoid adverse impacts from Program actions on pallid sturgeon populations.

Broad Uncertainty
Relationship between Program water management actions and pallid sturgeon habitat availability in the
lower Platte River.

Extension Big Question
5. Are Program flow management actions detectable in the LPR?

AMP Management Action(s)
Research uncertainty — Implement an expanded stage change study in the lower Platte River below the
confluence with the Elkhorn River.

Priority Management Hypothesis
PS1 — Program flow management actions, including the diversion of flows in excess to targets, are
detectable in the lower Platte River below the mouth of the Elkhorn River.

Alternative Hypothesis
PS1aia — Program flow management actions are not detectable in the lower Platte River below the mouth
of the Elkhorn River.

Considerations

o Working assumption — getting Program agreement (GC decision) on this question will determine the
next steps in Program work related to pallid sturgeon. If PS1 is affirmed, the Program will develop
operational rules for Program water projects and water management actions and it will be up to the GC
to consider if/fhow to investigate Big Questions #6 and #7 and the associated priority management
hypotheses (see following pages). If PS1 is rejected, the management objective will be met and it will
be up to the GC to consider stopping further Program activity related to pallid sturgeon and dealing
with issues related to the “testing the assumption” language in the Final Program Document; for the
purposes of this hypothesis, “avoiding an adverse impact” means that Program water management
actions are not detectable in the lower Platte.

e PS1 aligns with Objective #2 for pallid research during the Extension, as identified in the GC Meeting
Summary — Pallid Workshop, September 13-14, 2017. Central questions:

o Do we need to improve our tools to understand Program effects?
o Are existing Program management actions having any effects?

e What does “detectable” mean? Needs defined for all pallid sturgeon questions and hypotheses.

o Data to be gathered and analyzed through implementation of expanded Stage Change Study or other
tool as identified by the AMWG/TAC/ISAC and approved by the GC; EDO to develop scope of work;
review and approval by AMWG, TAC, and ISAC; possible peer review of study scope; competitive
selection for contractor; results peer reviewed through Program peer review process.

e Focus on hydrology, hydraulics, and geomorphology; attempt to detect changes in stage relative to
expected Program water management actions — summer germination flow, fall SDHF, whooping crane
migration flows.
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504 e Interested in evaluating ability to detect Program flow management actions as a contribution to

505 increasing discharge in the lower Platte River during the April-May spawning window; serves as a
506 proxy for depth/velocity variability and channel width distribution.

507 e Interested in discharge and relationship to July-August diurnal water temperature — effects of Program
508 water management actions on stage during this time period.

509 e If the only Program flow management action that is detectable is diverting water in excess of target
510 flows at a time (based on historical record) when central Platte flows are exceeding targets but lower
511 Platte flows are low at the same time, and if this diversion can be prevented in those circumstances by
512 operational rules for Program water projects, would this still constitute as the Program meeting the
513 management objective by “avoiding the adverse impact” of detectable flow management actions?

514

515  How do we visualize this for the GC?
516 e Graph, table, or other idea
517 e Metrics — what, why, how

518
519  Sample X-Y Graph
520
521
LPR Natural PS1
Flow Stage
524
525
526
T 527
ﬁ_.’/ Fan
)
=X 530
n 531
532
533
534
CPR Natural Flow Stage 535
o5 opm
537 Time (Months)
538
539

540  Performance Indicators

541  Stage — measurable changes in stage pre- and post-implementation of Program management actions.
542

543  Time — identify period of importance (i.e., spawning in April-May, foraging in July-August, etc.).
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Management Objective
Avoid adverse impacts from Program actions on pallid sturgeon populations.

Broad Uncertainty
Relationship between Program water management actions and pallid sturgeon habitat availability in the
lower Platte River.

Extension Big Question
6. Do Program flow management action influence pallid sturgeon spawning habitat in the LPR?

AMP Management Action(s)

Research uncertainty — Implement an in-depth research study in the lower Platte River below the confluence
with the Elkhorn River to define spawning habitat; determine when and how pallid sturgeon use that
spawning habitat; and relate spawning habitat availability to unfavorable hydrologic events.

Priority Management Hypotheses
PS2 — Program flow management actions are detectable in the lower Platte River below the mouth of the
Elkhorn River and have detectable effect the availability of habitat utilized by pallid sturgeon for spawning.

Alternative Hypotheses
PS2ai1 — Program flow management actions do not result in a detectable effect on key metrics of pallid
sturgeon spawning habitat in the lower Platte River, as defined by the Program.

PS2aiz — Program flow management actions provide a detectable contribution to the pallid sturgeon
spawning cue of diurnal water temperature during the April-May spawning window.

Considerations

e Working assumption — PS1 is affirmed and Program flow management actions are detectable in the
lower Platte River below the Elkhorn River confluence; for the purposes of this hypothesis, the “adverse
impact” to be avoided is a reduction in the availability of pallid sturgeon spawning habitat as defined
by the Program; possible related “adverse impact” to avoid — the potential for a “negative impact” on
the spawning cue of water temperature in April-May.

e PS2 aligns with Objective #1 for pallid research during the Extension, as identified in the GC Meeting
Summary — Pallid Workshop, September 13-14, 2017. Central questions:

o When, where, and how are pallids using specific physical habitat features?
o Define what constitutes habitat in the Platte.
o Define unfavorable hydrologic conditions for pallid sturgeon.

o Define pallid sturgeon spawning habitat in the lower Platte River — something more than “water and
sand”; need to complete this step in order to move forward; possible expert elicitation at the beginning
to assist the Program with specifying what spawning habitat is in the lower Platte River (similar process
to setting the minimum habitat criteria for terns/plover and whooping cranes).

e Once habitat is defined, next step is Program-organized research, attempt to do in partnership with
UNL, NGPC, USGS, others; explore the relationship between use of that habitat for spawning and the
spawning cue of diurnal water temperature; evaluate against an April-May spawning window.

o Consider correlations between air and water temperature, and discharge and diurnal water temperature’
possible connection to turbidity.
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How do we visualize this for the GC?
e Graph, table, or other idea
e Metrics — what, why, how

Sample X-Y Graph from EDO

High PS2
PS2ai1

Quantity/Quality of Pallid
o Sturgeon Spawning Habitat
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Time (Days to Months)

Performance Indicators
Spawning habitat?

Time (April-May)?
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Management Objective
Avoid adverse impacts from Program actions on pallid sturgeon populations.

Broad Uncertainty
Relationship between Program water management actions and pallid sturgeon habitat availability in the
lower Platte River.

Extension Big Question
7. Do Program flow management actions influence pallid sturgeon foraging habitat in the LPR?

AMP Management Action(s)

Research uncertainty — Implement an in-depth research study in the lower Platte River below the confluence
with the Elkhorn River to define foraging habitat; determine when and how pallid sturgeon use that foraging
habitat; and relate foraging habitat availability to unfavorable hydrologic events.

Priority Management Hypotheses
PS3 — Program flow management actions are detectable in the lower Platte River below the mouth of the
Elkhorn River and have a detectable effect the availability of habitat utilized by pallid sturgeon for foraging.

Alternative Hypotheses
PS3ain — Program flow management actions do not result in a detectable effect on key metrics of pallid
sturgeon foraging habitat in the lower Platte River.

PS3aiz — Program flow management actions provide a detectable contribution to the pallid sturgeon
foraging habitat metric of connectivity with channel-margin habitat during the LPR low flow period of
July-August.

Considerations

¢ Working assumption — PS1 is affirmed and Program flow management actions are detectable in the
lower Platte River below the Elkhorn River confluence; for the purposes of this hypothesis, the “adverse
impact” to be avoided is a reduction in the availability of pallid sturgeon foraging habitat as defined by
the Program; possible related “adverse impact” to avoid — the potential for a “negative impact” on
channel-margin habitat connectivity in July-August.

e PS3aligns with Objective #1 for pallid research during the Extension, as identified in the GC Meeting
Summary — Pallid Workshop, September 13-14, 2017. Central questions:

o When, where, and how are pallids using specific physical habitat features?
o Define what constitutes habitat in the Platte.
o Define unfavorable hydrologic conditions for pallid sturgeon.

o Define pallid sturgeon foraging habitat in the lower Platte River — something more than “water and
sand”; need to complete this step in order to move forward; possible expert elicitation at the beginning
to assist the Program with specifying what foraging habitat is in the lower Platte River (similar process
to setting the minimum habitat criteria for terns/plover and whooping cranes).

e Once habitat is defined, next step is Program-organized research, attempt to do in partnership with
UNL, NGPC, USGS, others; explore the relationship between use of that habitat for foraging and
channel-margin habitat connectivity; evaluate against the July-August low flow period.
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How do we visualize this for the GC?
e Graph, table, or other idea
e Metrics — what, why, how

Sample X-Y Graph
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Sturgeon Foraging Habitat
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Time (Days to Months)

Sample Performance Indicators
Spawning habitat?

Time (July-August)?

BQ5 — flow detection, use current question

Refine to capture Loup down

Focus on flow management actions that are likely to be on the table — spring WC flow, summer germination
flows, fall SDHF, fall WC flow; any other target flow diversion or addition

BQ6 — spawning adults, use current question

BQ7 —embryos, larval juveniles: If, June-July AHR flow maintenance levels of 1,200-2,400 CFS proposed
for whooping crane veg control (WC BQ #3) are detectable as an increase in the LPR in some water years,
then, do these Program induced increases in flow in the LPR have an effect on dispersal of age-0 pallids
(likely this would occur in late May early June largely depending on LPR water temperature)?

H1: Program induced increases in LPR flows during late May early June maintain habitat connectivity in
the LPR and reduce isolation /stranding of age-0 pallids (likely benefit)

H2: Program induced increases in LPR flows during late May early June reduces retention (increases
dispersal rate) of age-0 pallids (free-embryos and early feeding Larvae) in the LPR increasing the rate of
transport to the MOR (possible adverse impact)

BQ8 — juveniles and non-reproductive adults, foraging, use current question
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2D HYDRODYNAMIC MODELING SUMMARY

OVERVIEW

In 2017, PRRIP discontinued field-based monitoring initiated remote sensing-based geomorphology and
vegetation monitoring in the Associated Habitat Reach (AHR). In 2019, as part of the reach-wide
monitoring effort, the EDO developed a series of six 2D hydrodynamic models spanning the entire AHR
to evaluate channel conditions and subsequent target species habitat over time. The main purpose of
the models is to predict depth, velocity and corresponding inundation area across a range of in-channel
(non-flood) flows to finer level than previous efforts could reliably produce. The six models span all
active channels of the AHR and begin and end at bridge crossings where the river is largely consolidated
to a single channel and all boundaries except Chapman have permanent stage gages. This model was
designed to serve as reporting tool but provides seamless data with relatively good accuracy to make
informed decisions and provide boundary conditions for finer scale studies.

MODELING ASSUMPTIONS AND PERFORMANCE

Each computational mesh is comprised of triangular elements with a node spacing of approximately 20
feet. The topography source is from PRRIP fall 2018 bathymetric LiDAR which will be updated every
year. Model boundary conditions are used directly from stream gage measurements and rating curves
and will be updated as necessary. Each model was calibrated using a single in-channel Manning’s N-
value to a measured stage and discharge during fall migration season and validated against a differing
stages and discharges during the spring migration season. Preliminary results are now complete for 100
cfs to 4,000 cfs in 100 cfs increments and 5,000 cfs. Predicted stage elevations for the main channel are
within £0.1 feet and side channels are within £0.17 ft of measured stage between the Lexington and
Chapman bridges.

PRELIMINARY RESULTS

Main channel results have been extracted for the AHR and Cottonwood Ranch (CWR) to illustrate the
utility of 2D modeling in flow scenario planning to translate flow to quantifiable habitat, scour potential,
flow splits, etc. Results shown below are limited to a 4,000 cfs maximum inundation area due to
processing methodology which explains the sharp uptick in the graphs at 5,000 cfs. Widths were limited
to the main channel from Overton to Chapman and side channels were not included as they generally
provide little habitat value for whooping cranes.

As a reference, 650 feet has been found to be a highly suitable maximum unvegetated width (MUCW)
for whooping cranes. Two potential flow-related management strategies the Program could undertake
to maintain existing unvegetated channel widths for whooping cranes would be to inundate the channel
during the germination season to prevent vegetation establishment and another would be to remove
the <1-year old vegetation by scouring it in the fall. A total unvegetated channel (TUCW) width of 650
feet would be inundated by 3,500 cfs of flow throughout the AHR and by 2,000 cfs of flow within the
main channel at Cottonwood Ranch which has been managed for wide unvegetated widths for
whooping cranes (Figure 1). Similarly, 80% of the main channel area would be inundated by a flow of
600 cfs throughout the AHR and 750 cfs at Cottonwood Ranch (Figure 2). We also looked at flows
necessary to scour <1-year old cottonwood seedlings in the fall by a 5,000 cfs short duration high flow
release. We found a fall SDHF would have the potential of scouring vegetation from approximately 21%
of the main channel throughout the AHR and only 9% of the main channel at Cottonwood Ranch.
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Figure 1. Total unvegetated width of the main channel inundated by various levels of discharge for the
Associated Habitat Reach (top) and a managed river channel at Cottonwood Ranch (bottom).
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Figure 2. Cumulative inundated channel area of the main channel inundated by various levels of
discharge for the Associated Habitat Reach (top) and a managed river channel at Cottonwood Ranch
(bottom).
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Figure 2. Cumulative channel area of the main channel inundated by >2.6 feet at various levels of

discharge for the Associated Habitat Reach (top) and a managed river channel at Cottonwood Ranch
(bottom).





FLOW EXPERIMENT SCENARIO TOOL
SCENARIO OVERVIEW

The flow experiment scenario tool seeks to evaluate how much water would be available to test four
potential Program flow management actions including a spring whooping crane release, a germination
season flow release, a fall short duration flow release (SDHF), and a fall whooping crane season release
and were based on past hydrology. Two time periods were selected for the scenario runs: 1998 — 2007
and 2008 — 2018. The first time period represents a shift from wetter conditions in the late 1990s to
dry/drought conditions in the early and mid-2000s. The second period represents a shift from dry initial
conditions in 2008 to wetter/variable conditions, 2010 — 2018. The scenario tool uses average daily flows
in the Platte River at Grand Island along with historic natural inflows into Lake McConaughy to simulate
environmental account (EA) accruals and releases.

All of the water for the releases originates in the Lake McConaughy EA. We set the EA to begin with a
volume of 100,000 AF in 1998 and 2008. Losses were subtracted from the releases based on the historic
real time hydrologic condition. During wet periods, losses were assumed to be 15%, during normal
periods losses were assumed to be 25%, and during dry periods losses were assumed to be 35%.

A key assumption made in the scenario tool is that there was sufficient capacity in the North Platte River
and NPPD Keystone/Sutherland canal system to convey the needed water from the EA to Grand Island.
This may not hold true for the fall SDHF release until the North Platte choke point capacity is increased.
This also may not hold true for the summer germination season release when Grand Island flow is very
low and the North Platte River and NPPD system are running water for irrigation needs.

The scenario tool does not account for evaporative losses from EA water in Lake McConaughy. These
losses are typically on the order of 1% of the EA volume per month and can be incorporated in future
versions of the tool.

RELEASE PERIODS
Four flow release periods were considered:

e A spring whooping crane release from March 6 to April 20 with a flow target of 1,500 cfs,

e A 30-day summer vegetation germination season release from 15 June through 14 July with a flow
target of 2,000 cfs

e A 5-day fall short duration high flow (SDHF) release from 15 September through 19 September

e Afall whooping crane release from 15 October to 20 November.

The scenario tool can be modified to evaluate other flow releases or combination of flow releases moving
forward.

RELEASE LOGIC
The scenario tool uses the following logic to determine when a release should be made:

e The summer germination season release was the first priority. If there was enough water in the
EA for a full release, a summer release would be made.





e One fall SDHF release was made during each time period. The SDHF release was made as soon as
enough water was available in the EA and was not made during a year that a summer germination
season release was made.

e Fall and spring whooping crane releases were made only if there was extra water available in
addition to what was needed for the upcoming summer germination release. If there wasn’t
enough water for a summer germination release, no whooping crane release would be made.

e To determine if fall and spring whooping crane releases could be made, the volume of water
needed for the upcoming summer germination season release was estimated based on the real
time hydrologic condition and median flow volumes during wet, normal, or dry conditions.

SCENARIO RESULTS

Time period one: Wet to dry conditions, 1998 to 2007

This period began with wet conditions (see Figure 1 for daily flows in the Platte River at Grand Island and
Table 1 for specific release volumes) for the first three years. Several releases could have been made from
1998-2000 and most flow targets would have been met. A fall SDHF release could have been made in
1998. In 2001, conditions became slightly drier and there wasn’t enough EA water to meet the fall 2001
whooping crane release target and still have water left for the 2002 summer germination release. In 2002,
dry conditions set in with very low summer flows and there was not enough water in the EA for a full
summer germination release. A partial release could have been made during the fall 2002 and spring
2003 whooping crane migration seasons, leaving enough water in the EA for a full summer germination
season release in the summer of 2003. River flows remained very low in 2003 and 2004 causing the EA to
hold all of its water until the spring of 2005, when a partial fall whooping crane release could have been
made, followed by a full summer germination season release during the summer of 2005. There wasn’t
enough water for a summer germination season release in the summer of 2006. A partial fall whooping
crane release could have been made in 2006, followed by a full spring 2007 whooping crane release, a full
summer 2007 germination release, and a nearly full fall 2007 whooping crane release as river conditions
became wetter.

Summary:

e During wet years, practically all the specified flow targets could have been met.

e During dry years, the summer germination season release would have consumed most if not all
of the available EA water and could only be implemented every other year.

e Little to no water would have been available for dry-year spring and fall whooping crane season
releases to accrue enough water for summer releases.

e During normal years a full summer germination season release typically would have been possible
in addition to a full or partial spring and/or fall whooping crane release.





6,000

5,000

4,000

3,000

Discharge, cfs

2,000

1,000

Figure 1. Grand Island daily flow and potential flow releases for the 1998-2007 time period.
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Figure 2. Lake McConaughy EA volume and potential cumulative release volumes for the 1998-2007 time
period.





Table 1. Potential EA volume and potential releases 1998-2007

EA Volume, | EA water EA release, Unmet release
Year Release Period AF needed, AF AF volume, AF

1998 | 1 | Spring whooping crane 112,490 99 132 -
1998 | 2 | Summer germination 122,898 6,639 7,810 -
1998 | 3 | Fall SDHF 115,088 35,107 46,810 -
1998 | 4 | Fall whooping crane 133,740 - - -
1999 | 1 | Spring whooping crane 162,488 1,924 2,565 -
1999 | 2 | Summer germination 170,462 - - -
1999 | 3 | Fall SDHF 170,462 14,936 - -
1999 | 4 | Fall whooping crane 200,000 - - -
2000 | 1 | Spring whooping crane 200,000 - - -
2000 | 2 | Summer germination 200,000 38,186 50,914 -
2000 | 3 | Fall SDHF 149,086 45,419 - -
2000 | 4 | Fall whooping crane 200,000 24,764 33,018 -
2001 | 1 | Spring whooping crane 199,773 3,967 5,289 -
2001 | 2 | Summer germination 200,000 77,552 103,402 0
2001 | 3 | Fall SDHF 96,598 39,308 - -
2001 | 4 | Fall whooping crane 163,388 61,706 79,767 1,880
2002 | 1 | Spring whooping crane 116,076 38,269 - 38,269
2002 | 2 | Summer germination 125,402 109,630 - 109,630
2002 | 3 | Fall SDHF 125,402 45,608 - -
2002 | 4 | Fall whooping crane 175,594 88,963 41,097 62,249
2003 | 1 | Spring whooping crane 157,560 81,667 24,320 65,859
2003 | 2 | Summer germination 142,157 95,363 142,157 2,961
2003 | 3 | Fall SDHF - 49,587 - -
2003 | 4 | Fall whooping crane 50,212 108,061 - 108,061
2004 | 1 | Spring whooping crane 72,529 91,029 - 91,029
2004 | 2 | Summer germination 80,517 118,187 - 118,187
2004 | 3 | Fall SDHF 80,517 49,587 - -
2004 | 4 | Fall whooping crane 131,312 91,615 - 91,615
2005 | 1 | Spring whooping crane 154,958 72,591 68,197 21,443
2005 | 2 | Summer germination 94,857 56,102 74,803 0
2005 | 3 | Fall SDHF 20,053 48,916 - -
2005 | 4 | Fall whooping crane 70,813 89,462 - 89,462
2006 | 1 | Spring whooping crane 95,390 70,445 8,677 63,937
2006 | 2 | Summer germination 95,098 115,110 - 115,110
2006 | 3 | Fall SDHF 95,098 48,100 - -
2006 | 4 | Fall whooping crane 145,354 77,929 10,085 71,373
2007 | 1 | Spring whooping crane 158,180 23,911 31,881 -
2007 | 2 | Summer germination 134,250 24,389 32,518 0
2007 | 3 | Fall SDHF 101,731 46,064 - -
2007 | 4 | Fall whooping crane 165,365 59,861 77,281 1,900






Time period two: Normal and wet conditions, 2008-2018

This period began with average/normal conditions in 2008 and 2009 (see Figure 3 for daily flows in the
Platte River at Grand Island and Table 2 for specific release volumes). The initial volume of 100,000 AF in
the EA and additional gains throughout the year in 2008 would have allowed for a spring whooping crane
release, a summer germination release, and a fall SDHF release. High summer flows in 2008 coincided
with the summer germination season release resulting in only 16,600 AF of EA water that would have
been needed to meet the specified flow target. Enough water remained in the EA that a partial spring
2009 whooping crane release and a full summer germination and fall whooping crane release could have
been made. 2010 saw a shift to wetter conditions resulting in much less EA water needed to meet
specified flow targets. Full spring and fall whooping crane releases could have been made as well as a fall
SDHF. Flows at Grand Island remained above the summer germination season target and no additional
releases were needed in 2010. 2011 was a very wet year, with flows above the specified spring, summer,
and fall targets and no releases were needed. The EA reached maximum capacity by the end of 2011.
2012 saw significantly less flow than 2011, but the 200,000 AF in the EA would have allowed for a full
spring whooping crane release and a full summer germination season release. There wouldn’t have been
enough water left in the EA to make a fall 2012 release and there would only have been enough for a
partial spring 2013 whooping crane release. The entire EA would have been emptied to make a full
summer 2013 germination season release. A shift to average and wet conditions starting in 2014 which
would have allowed for all the specified flow targets to be met from summer 2014 through 2018. High
summer flows in both 2015 and 2016 resulted in no need for a summer germination season release and
the EA volume maxed out by the end of 2016. The EA volume remained above 100,000 AF from the fall
of 2014 through the remainder of the scenario period, ending just shy of 200,000 AF in 2018.

Summary: This period of wet and normal years would have allowed for:

e A summer germination season release every year (even in the dry conditions of 2012).
e Afull spring and/or fall whooping crane release in most wet years.
e Afull to partial spring and fall whooping crane release in normal years.

The EA volume would have remained above 100,000 AF for much of the time period and would have
maxed out at 200,000 AF twice (2011 & 2016) during the wettest years.
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Figure 3. Grand Island daily flow and potential flow releases for the 2008-2018 time period.
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Figure 4. Lake McConaughy EA volume and potential cumulative release volumes for the 2008-2018 time
period.





Table 2. Potential EA volume and potential releases 1998-2007

EA Volume, | EA water EA release, Unmet release
Year Release Period AF needed, AF AF volume, AF

2008 | 1 | Spring whooping crane 111,233 44,003 25,812 24,645
2008 | 2 | Summer germination 93,645 14,102 16,591 -
2008 | 3 | Fall SDHF 77,054 46,812 62,416 0
2008 | 4 | Fall whooping crane 79,089 11,599 - 11,599
2009 | 1 | Spring whooping crane 105,402 57,402 18,385 43,613
2009 | 2 | Summer germination 96,068 46,151 60,477 793
2009 | 3 | Fall SDHF 35,591 43,551 - -
2009 | 4 | Fall whooping crane 101,066 6,996 8,230 -
2010 | 1 | Spring whooping crane 120,345 8,212 10,949 -
2010 | 2 | Summer germination 120,828 - - -
2010 | 3 | Fall SDHF 120,828 31,636 - -
2010 | 4 | Fall whooping crane 186,512 3,235 3,806 -
2011 | 1 | Spring whooping crane 200,000 = = =
2011 | 2 | Summer germination 200,000 - - -
2011 | 3 | Fall SDHF 200,000 3,412 - -
2011 | 4 | Fall whooping crane 200,000 - - -
2012 | 1 | Spring whooping crane 200,000 5,211 6,947 -
2012 | 2 | Summer germination 198,218 96,886 149,056 0
2012 | 3 | Fall SDHF 49,163 47,377 - -
2012 | 4 | Fall whooping crane 114,638 92,520 - 92,520
2013 | 1 | Spring whooping crane 142,489 44,180 7,803 39,108
2013 | 2 | Summer germination 143,841 97,216 143,841 3,719
2013 | 3 | Fall SDHF - 49,295 - -
2013 | 4 | Fall whooping crane 65,244 23,486 - 23,486
2014 | 1 | Spring whooping crane 93,245 20,844 7,542 15,187
2014 | 2 | Summer germination 94,109 17,599 23,466 0
2014 | 3 | Fall SDHF 70,643 41,534 - -
2014 | 4 | Fall whooping crane 138,260 58,134 68,392 0
2015 | 1 | Spring whooping crane 104,387 4,126 5,501 -
2015 | 2 | Summer germination 109,219 - - -
2015 | 3 | Fall SDHF 109,219 33,937 - -
2015 | 4 | Fall whooping crane 175,497 774 910 -
2016 | 1 | Spring whooping crane 200,000 1,111 1,481 -
2016 | 2 | Summer germination 200,000 - - -
2016 | 3 | Fall SDHF 200,000 28,879 - -
2016 | 4 | Fall whooping crane 200,000 6,897 8,114 -
2017 | 1 | Spring whooping crane 200,000 - - -
2017 | 2 | Summer germination 200,000 33,665 39,606 0
2017 | 3 | Fall SDHF 160,394 41,790 - -
2017 | 4 | Fall whooping crane 200,000 50,543 67,390 0






PERCENT EXCEEDANCE RESULTS (FOR REFERENCE):

The following figures show the volumetric flow requirements for the four releases over a range of
conditions at Grand Island. The figures indicate how much water would be needed in addition to the flow
at Grand Island for each of the exceedances shown. The flow was increased by the assumed routing losses
with losses low in wet years and higher in dry years (see the spreadsheet for the breakdown of the losses).

The 50% exceedance indicates the median volume required for a given release.

250,000

200,000

150,000

100,000

50,000

Volumetric water requirement, AF

95% 90% 85% 80% 75% 70% 65% 60% 55% 50% 45% 40% 35% 30% 25% 20% 15% 10% 5%
% Exceedance

B Summer Vegetation Innundation release: June 15 to July 12

Figure 5. Volumetric requirements for the specified 2,000-cfs summer vegetation germination release
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Figure 6. Volumetric requirements for a 5-day, 5,000-cfs fall short duration high flow release
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Figure 7. Volumetric requirements for the specified fall whooping crane release of 1,500 cfs, 15 October
— 20 November.
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Figure 8. Volumetric requirements for the specified spring whooping crane release of 1,500 cfs, 6 March
— 20 April.





Tool Description: Unvegetated Channel Width Decision Tree Model

The Program has developed past models of unvegetated channel width to predict channel
width suitability for whooping crane roosting. Farnsworth et al. (2018) was primarily used
predict channel widening/narrowing and to predict total unvegetated channel width (TUCW) and
maximum obstructed channel width (MUCW). These models were adequate for describing
flow/channel width relationships in the Associated Habitat Reach (AHR) prior to 2016. After the
2015 high flow event, however, channel widths in 2016-2018 were remarkably similar to 2015
in the absence of the high flows experienced in 2015. Predictions from the Farnsworth et al.
(2018) underestimated channel widths in 2016-2018, suggesting flow/channel width
relationships may have been altered following the 2015 widening event and that different flow
mechanism may be important for channel width maintenance.

Due to system-wide channel conditions becoming and remaining suitable for whooping
cranes from 2015-2018, an important uncertainty to consider during the First Increment
Extension is how to maintain these wide unvegetated channel widths with flow. To support
investigations into channel maintenance flows, an unvegetated channel width decision tree model
was developed to identify how flows relate to the creation and maintenance of unvegetated
channel widths. This model directly utilizes annual flow data and change in unvegetated channel
width relationships, along with physical channel maintenance activities, to predict unvegetated
channel widths over multiple years from a specified starting year.

The decision tree model assumes germination season flows and fall flows are the most
important seasonal flows to sustain suitable unobstructed channel widths for whooping cranes.
We incorporated simple linear regression relationships of annual change in main channel total
unvegetated channel width (ATUCW-Main) and average 1 June — 15 July flows, as well as 14-
day, 1 September — 15 October mean peak flows, to predict ATUCW-Main resulting from each
seasonal flow using data from 1998-2018. Flow components, along with disking and reach-wide
herbicide application, were inputted into the decision tree model as variables to adjust TUCW-
Main within years. Disking was transect specific, but herbicide was considered at a reach-wide
level that began in 2008 and has continued to present. Channel width constraints were also
inputted to set physical channel extremes at any given transect. Maximum TUCW-Main was
constrained to the main channel total channel width (TCW-Main), while the minimum TUCW-
Main was constrained to 300 ft unless TCW-Main was less than 300ft, in which case the TCW-
Main was considered minimum. Each transect was evaluated within a year to produce an end-of-
year TUCW-Main width to be utilized in the subsequent year. For example, observed channel
widths in 2012 were used as a starting point to predict changes in TUCW-Main from 2013-2018
(Figure 1). Following the high flow event of 2015, the decision tree model more accurately
predicts the maintenance of wide unvegetated channel widths observed throughout the AHR than
the Farnsworth et al. (2018) model.

In addition to the aforementioned components, the inherent modeling flexibility of the
decision tree model provides the capability to modify and explore other flow scenarios, flow-
channel width relationships, to introduce other components important to ATUCW-M, and to
modify assumptions.
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Figure 1. Predicted average main channel total unvegetated channel width (TUCW-Main)
compared to observed average annual measurements of TUCW-Main at Associated Habitat
Reach river transects (n= 435) using the unvegetated channel width decision tree model.
Predictions start in 2013 and extend through 2018; error bars represent 95% confidence intervals.
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Interior Least Tern and Piping Plover Predator Control Memo

Itis believed avian and terrestrial predators have keyed in on off-channel nesting sites as they have
aged and that current piping plover productivity levels are insufficient for maintaining a long-term
population along the central Platte River (Figure 1). Program predator monitoring data indicates
mammalian predators are the most prevalent predator within the nesting sites during the night
while avian predators are the most prevalent predator during the day. As such, ongoing predation
management efforts will focus on implementing a combination of management actions in a manner
that will, at a minimum, sustain current populations of the terns and plover and ideally improve
productivity and increase the central Platte River populations of these species.
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Figure 1. 3-year running average fledge ratios for interior least terns (left) and piping plovers
(right) nesting on off-channel sites within the AHR, 2007-2019.

Beginning in 2020, we propose to maintain current levels of terrestrial predator trapping at all off-
channel nesting sites while implementing combinations of avian trapping and nocturnal predator
deterrents (strobe lights) to determine the efficacy of these methods for increasing productivity at
each of the off-channel nesting areas (Table 1). The experiment will continue through 2027 at
which time data will be evaluated to determine the efficacy of avian predator trapping and strobe
lights at reducing predation on off-channel nesting areas.

Table 1. Experimental design for predator trapping and installation of strobe lights at off-channel
nesting sites within the AHR. The design for year 1 is shown below and treatments will be rotated
annually so that all sites (except Leaman) will be exposed to 4 replicates of the various
combinations of avian trapping, strobe lights, and control during this study. Leaman will not be
treated with avian trapping and will have strobe lights installed every other year due to the presence
of a bald eagle nest near the site.

Site Name Avian Predator Trapping Strobe Lights
Lexington Sandpit No Yes
Dyer Yes Yes
Cottonwood Ranch Yes No
Blue Hole Yes Yes
Johnson Pit No No
Broadfoot South Yes No
Newark West No Yes
Newark East No No
Leaman No Yes






Power Analysis

The Program conducted a statistical power analysis to determine the duration and extent of avian
predator management necessary to observe an increase in piping plover productivity (fledglings
per nest) on off-channel sites in the Associated Habitat Reach. Piping plover productivity data
from 2012-2019 was utilized to develop a statistical power curve based on study duration in years.
Off-channel nest data from 2012-2016 (n = 170 nests) represented high productivity assumed to
when avian management occurs during the beginning of the First Increment Extension. Off-
channel sites (n = 9 sites) were assigned 1 of 3 treatments: 1) strobe lights, 2) avian trapping, 3)
strobe lights and avian trapping. Off-channel data from 2017-2019 (n = 147) represented lower
productivity assumed to occur in the absence of avian management and were not assigned any
avian treatments (treatment 4 or control).

We modeled fledglings per nest with a generalized linear mixed effects model using R-package
Ime4 where fledglings per nest was assumed to have a Poisson distribution. Avian management
treatments of strobe lights and avian trapping were included as fixed effect categorical variables
and year was included as a random effect. We assumed 0.75 fledglings per nest resulted with no
avian management treatment, whereas strobe lights or avian trapping would increase productivity
to 1.06 fledglings per nest and 1.50 when sites had strobe lights and avian trapping present. Our
power analysis result estimated adequate statistical power was achievable with a study duration of
>9 years during the First Increment Extension (Figure 2). When accounting for year and site as
random variables, we determined power would not be adequate to determine if avian management
would increase productivity at off-channel sites in the Associated Habitat reach during the First
Increment Extension.
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Figure 2. Power analysis results for avian management assuming 0.75 fledglings/nest for no
management, 1.06 fledglings/nest for strobe lights or avian trapping, and 1.50 fledglings/nest
when both strobe lights and avian trapping were applied.





