Can we restore ecological processes and
recover salmon populations below a dam?
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Outline

History of changes in the Trinity River
Restoration strategy
Monitoring, evaluation and adaptive management

mplementation challenges

—uture uncertainties



Hoopa, Yurok,
and Wintu tribes
depended on
Trinity River
salmon




Trinity River Geography & Plumbing
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Snowpack from the Trinity Alps very

Important to hydrology
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Ken Lertzman was here
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Trinity Dam

Looking downstream
from Lewiston Dam




The First 40 Miles

Below the Dam
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Peak Discharge/ Yr (cfs

Changes in Peak Flows

Pre-1961 (at Dam) = ¢ = Post-1961 (at Dam)
Pre-1961 (62 mi below) = = =Post-1961 (62 mi below)
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Changes in Moderate Peak Flows

Pre-1961 (at Dam) = ® =Post-1961 (at Dam)
Pre-1961 (62 mi below) = = =Post-1961 (62 mi below)

Peak Discharge / Yr (cfs)
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Flow and Life History Timing

BLACK COTTONWOOD

NARROWLEAF WILLOW

FALL-RUN CHINOOK SALMON

N\

Flow at Lewiston (cfs)

OCTOBER  NOVEMBER = DECEMBER = JANUARY  FEBRUARY =~ MARCH  APRIL MAY  JUNE JULY  AUGUST  SEPTEMBE

Yes, the flow really was
this low! Except for
storm safety releases



Pre-dam channel
or_lo

Frequently moblle
cobble bars

Sparse vegetation on

bars and floodplains
dredged for gold



Post-dam channel
morphology

Thlok riparian berms have
armored previously mobile bars
and have simplified channel
morphology 40 miles
downstream of Lewiston Dam




Fry rearing habitat Fry .rearing habitat
Pre-dam at low flows at high flows

channel
morphology
and
salmonid
habitat

Salmonid fry require
clean exposed cobble gravel
channel margins with low
water velocity



Impacts of modified channel morphology
on salmonid habitat

Riparian berms

: '—b )'/;'
. _‘;.;:s,; Sand deposits

/ along channel margins



Effects on Salmon

Fall-run chinook
* Pre-dam: 19,000 to 75,000 spawners
 Post-dam: 4,000 to 15,000

« Hatchery created, now 80% of in-river spawning
are hatchery origin fish

Spring-run chinook, coho, steelhead
« Similar declines, coho a listed species



2000 Record of Decision: culmination of
two Congressional actions, 16 years of
study, and many lawsuits

« Sets the policy for restoring the Trinity River

— Specifies total volumes in each of 5 Water Year types (369,000 ac-ft to
815,000 ac-ft)

— Allows flexibility in future scheduling within fixed annual volume (appx
48% of historical volume); recreate a river half the size

— Guideline for annual flow schedules based upon best available science
— Mechanical rehabilitation of the channel

— Coarse and fine sediment management

— Establishes new adaptive management organization and process



RRP Program Goal & Strategy {simplified}

Program Goal

Restore and sustain natural production of anadromous fish populations
downstream of Lewiston Dam to pre-dam levels,

to facilitate dependent tribal, commercial, and sport fisheries’ full participatior
In the benefits of restoration via enhanced harvest opportunities.

Program Strategy

Restore the processes that produce a healthy alluvial river ecosystem,
Implementing management actions in a science-based adaptive
management program.




Testing Program Hypotheses
DIRECT

Trinity River Restoration Program Conceptual Model

INDIRECT

Possible future actions:

Hatchery ) Harvest

Primary Actions: Habitat

) Klamath

Valued
ecosystem
components

System
response
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Mainstem
fish
populations

Riparian
vegetation

Reptiles &
amphibians

Birds &
other
wildlife

Channel
complexity

River &
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habitat

Vegetative
cover

Temperature

Bed
scour &
redeposition

Riparian
vegetation
succession

Alternate
bar
formation

Side
channel
formation

Management

Schedule
ROD flow
regime

Rehabilitate

Augment
gravel

Reduce
tributary fine
sediment

Manage fringe
& riparian
vegetation

Other
important
factors

Climate &
ocean
conditions

Geology &
watershed

Dams

Trinity &
Lewiston

hatchery
operation

Current
hatchery
operations

i Change in-river !

and ocean
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Current
harvest
rules

Klamath ;
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Current
Klamath
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Variable Annual Flow Schedule

Water year  Frequency of Peak Release
type occurrence  Volume (AF) (cfs)
Critically dry (12%) 369,000 1,500
Dry (28%) 453,000 4,500
Normal (20%) 647,000 6,000
Wet (28%) 701,000 8,500
Extremely wet (12%) 815,000 11,000

Average volume post-dam but before Record of
Decision was only 369,000 AF



‘Geomorphic

ROD Flows
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| Surface scour of gravel bars/gravel transport 8,500 cfs

Surface mobility of gravel bars

Discharge (cfs)

Surface mobility of pool tails

Inundation of gravel bars

1-Mar 1-Apr 1-May
Day of water year




Restoration Tools:
Mechanical Channel Bank Restoration




Bank
Rehabilitation
Sites
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Area R-2
Post-construction
September 12, 2005
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- Winter storm flows
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flow across floodplain
to area R-4
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flow = 14,000 cfs




Area R-2
Post winter storm flows
January 6, 200€

high flow channels cut
_ behind berm to area R4

‘appxiate =
flow = 5,200 cfs
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- Area R4 =
Winter storm flows
December 28, 2005

1

flow across floodplain
from area R-2

b 2

P ‘ approximate
3 flow = 14,000 cfs



Interdisciplinary learning at Rehab Sites

* First few sites designed by geomorphologists

T

rees are the enemy — trap fine sediment)

 Fish biologists then got involved in dialogue

¢

‘rees provide cover for juvenile salmon)

Area R-2
Post-construction
September 12, 2005




UTILIZATION OF LARGE WOOD FOR COVER & COMPLEXITY




Channel rehabilitation

10,000

Rearing habitat assessment

N ey

REVIS|1:2000, E‘ifq.—r

Total habitat

2,000 - Post
6,000 - Pre
e REvisit
4,000
0 ' ' L)
0 500 1000 1500 2000 2500
Q (cfs)

TRRP Overview

CAMNet 2014 Rendezvous
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Design improvements = More suitable fry
and smolt habitat per length of river

5
o Fry: suitable depth, velocity, and cover
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Learning to restore vegetation in upland
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Just flows = Solar-powered drip irrigation




0t .JM -

L

Short Té"rm

¢ 3 years
~ 100,000 yd?




Restoration Tools:
Watershed Sediment Source Control

Photo Courtesy of Trinity Historical Society

— Reduce fine sediment delivery
— Encourage coarse sediment delivery
— Reduce delivery of oversize material

1800 S 3
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What are the attributes of dynamic alluvial
rivers?

1) Spatially complex morphology and habitat

2) Variable flow and temperature regime

3) Frequent mobilization of gravel bed

4)  Periodic scour and redeposition of gravel bed
5) Balanced sediment budget (fine and coarse)
6) Periodic channel migration

7)  Frequently inundated floodplain

8) Infrequent very large floods to re-organize channel and riparian
vegetation

9) Self-sustaining and diverse riparian vegetation
10) River often connected with adjacent water table



General geomorphic restoration objectives

« Restore inter-annual flow variability

« Restore intra-annual flow variability

* Mobilize bed surface particles every 1-2 years
« Scour/redeposit bar surfaces every 4-8 years
* Reduce fine sediment supply

« Balance and route coarse sediment

« Restore alternate bar morphology, floodplains, and
dynamic riparian vegetation

 Different objectives for each water year
« Evolution over time in these objectives as Program learns



Restoration Tools
Adaptive EnernmentaI % o
Assessment and I\/Ianagek’nent w




/- Study = Restoration Objectives \ /
« Alternative management actions
* Explicit Conceptual Models
» Testable hypotheses
» Performance Measures

\. Subsystem linkages

Design management expt.

* Identify expected outcomes (in detail)
* Monitoring Plan

* AM Protocol

« Data management (Online Data Portal
- ODP)

” N

Design

1 *Annual adjustments } ‘

* Longer term assessments

~

* Do planned analyses
* Expected results?
* If not, why not?

* Follow Implementation Plan
* Annual fine tuning

* Follow Monitoring Plan
» Add data to Online Data Portal




AEAM Example: Coarse Sediment Transport
on Trinity River during WET water year

« Define quantitative/measurable goals and objectives
* Document baseline conditions

« Develop testable hypotheses

« Develop management action and predict response

* Implement and monitor action

 Re-evaluate objectives and hypotheses; improve
management action

« Conduct external peer review



WET water year hydrograph and geomorphic
objectives / thresholds

Discharge (cfs)

14,000
13,000
12,000
11,000
10,000
9,000
8,000
7,000
6.000 +
5,000 +
:
4,000 +
:
3,000
2,000

1,000

Inundation of gravel bars

............

Objectives for WET
year:

 Transport coarse
sediment at rate equal
to tributary input on
yearly basis

*Route coarse sediment
to downstream reaches

*Prevent further long-
term aggradation at
tributary deltas

*Scour exposed gravel
bar surfaces

1-Mar
Day of water year




Example of a Coarse Sediment
Ma agement Target Rush Creek Delta

Rush Creek delivers
coarse sediment to
= Trinity River; reduced
flow regime caused
coarse sediment to

| accumulate

% Aggradation occurs at
s . | delta, backwater occurs
| upstream of delta

»8 Hypothesis:
&% Downstream
k| distribution of coarse
¢ sediment will create
By and maintain salmonid
W4 habitat quantity and
S quality




Sediment Budget — Dynamic Equilibrium

ivsl o BUDGET

= A Storage

Goal: Input — Output + A Storage = 0

(Measurable? At equilibrium over what time frame?)



Daily average discharge (cfs)

Uncertainty: How long to maintain
geomorphic flows in a WET water year?

We know MAGNITUDE (8,500 cfs); need to know DURATION to transport
coarse sediment delivered by Rush Creek and maintain equilibrium

12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

. Geomorphic component of flow
schedule

Oct-1
Nov-1
Dec-2
Jan-2
Feb-2
Mar-4
Apr-4 -
May-5
Jun-5
Jul-6
Aug-6
Sep-6




Measure coarse sediment delivery: survey Rush Ck
delta after tributary flow season (late May)
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BEDLOAD DISCHARGE (yd3/day

10,000

1,000

100

10

1,000

10,000
DISCHARGE (cfs)

Hypothesis and
Prediction:
Sediment
transport

measurements

and models

Sediment transport
model predicts that
8,500 cfs transports
2,300 yd? of coarse
sediment per day;
Therefore, we can
estimate that it
requires 4.3 days to
transport 10,000 yd?




Implement experimental management action:
Release 8,500 cfs from May 17-21 (5 days)

Recommended streamflow release from Lewiston Dam (cfs)

1000 A

500 H

0 T T
5/1/01 5/8/01 5/15/01 5/22/01 5/29/01

Date of WET water year



Monitor coarse sediment transport to
calibrate predictive models




Monitor delta topography to see if 10,000 yd?3 is
transported downstream from delta to maintain equilibrium

Survey with cross
sections or total
station after flow
release: we measure
that 15,000 yd?3 is
transported by 5-day
release of 8,500 cfs
(5,000 yd® more
than needed). Use
3.3 day release
Instead of 5 day.




Sediment man ageme Nt Sediment transport monitoring

OTRGVC .

—
N
(=]
8

* TRLG

Coarse Sediment Load, tons

=" ®

 Water Year Type ROD Volumes Renewed Volumes

(yd® / year) (yd® /year)
Extremely Wet 31,000-67,000 5000
Wet 10,000-18,000 3000
Normal 1,800-2,200 1670
Dry 150-250 670
Critically Dry 0 0

2 TDRP Nuantiow

 much less gravel required in wet and very wet years than in ROD, but
 more gravel required in dry years.



Learning from AM experiments is a function of
what the practitioner can and cannot control

Under AM practitioners control

N
( _ )
Spatial / temporal Level precision/ |
contrast in mgmt. : ; e aes
9 Investment in 7 Natural variability

ti .
(ea;: |c;:1°sw) monitoring \._ (added noise)
s | }/

N\ o

Ability to distinguish alternative hypotheses w AM
experiments

Y
Value of information for decisions




Monitoring Challenges

Evaluation design: how will you analyze the
data to answer the question of interest?

Sampling design: where and when will you
sample?

Monitoring protocol: what will you measure at
those places and times, and how?

Prioritization: What should you do first? What's
required level of reliability for each component?



Using a conceptual model to allocate effort
DIRECT INDIRECT

Trinity River Restoration Program Conceptual Model Possible future actions:

Hatchery ) Harvest ) Klamath

Primary Actions: Habitat

M aif?ssgem Riparian

populations vegetation

Birds &
other
wildlife

Reptiles &
amphibians

Valued
ecosystem
components

River &
substrate
habitat

Channel

Vegetative
complexity

Temperature
cover

System
response

Bed Riparian
scour &
redeposition

Alternate Side
vegetation bar channel
succession formation formation

o
gc:
o0
o8
W o
RS
s

Schedule

Reduce
ROD flow

Rehabilitate Augment Manage fringe : Change in-river

Management

regime

channel

gravel

tributary fine
sediment

& riparian
vegetation

Other
important
factors

Climate &
ocean
conditions

Geology &
watershed
form

Trinity &
Lewiston
Dams

hatchery
operation

Current
hatchery
operations

and ocean
harvestrules

Current
harvest
rules

Klamath ;
management

Current
Klamath
management




{J Objectives Hierarchy
I_I_I—I

a )\ 2 )
Major Objective 1 Major Objective 2 [ Major Objective 3}
N\ J o J
e I ™ s I )
Objective 1.1 PM2 [ Objective 3.1 J { Objective 3.2 J
N J \\ )
o PM3.1a
Objective 1.1.1 } PM3.1b J PM3.2 J
PM1.1.1 J
Objective 1.1.2 J PM = Performance
measures and associated
assessments

PM1.1.2a
PM 1.1.2b




Trinity Objectives Hierarchy (2014)

Means Objective 1: Means Objective 2; Means Objective 3:
Increase/Enhance Juvenile Restore Fluvial/Physical Restore More Proper
Salmonid Rearing Habitat Processes Riparian Function

: : . g : : Riparian Riparian
Rearing Habitat | Rearing Habitat Fluvial Process Fluvial Process : . : ;
Metric 1 Metric 2 Metric 1 Metric 2 F“”°t'°;‘ el F””°"°§ Mgt

Consideration 1 Consideration 2 Lotz Consideration 4

i.e. proximity to tributaries, | _
( vguey wﬂgﬁgumbn} (i.e. other wildlife habitat)

(l.e. spawning) (i.e. adult holding)

Consideration 5 Consideration 6
(.e. recreation (1.e. Infrastructure
enhancement) protection)

Consideration 7 Consideration 8
(i.e. cost-benefit ) (1.e.landownership)




Prioritization of limited resources
For each group of links / hypotheses, assess:

N Is evaluating links / hypotheses critical to either long term
— evaluation of TRRP effectiveness, or annual fine tuning of
management decisions (directly or via a model)?

Il v

N | Can hypotheses be feasibly tested, or key links / model inputs
feasibly measured with indicated Performance Measures?
Ll
M Medium to High Priority
Low

priority




Data Quality Objectives

. What are critical annual management decisions,
effectiveness evaluation gquestions/hypotheses?

. What are key inputs to these decisions and
evaluation methods to be used?

. What is tolerance of error in decisions and
evaluations, desired detectable effect sizes?

. What are implied precision requirements in inputs?

. What are alternative designs (sampling & response)
that could meet these precision requirements?

. Optimize design and cost both within and across all
components; examine tradeoffs across monitoring
objectives (e.g. precision, cost, error rates)



Annual AM decisions involve evaluations
both within and across domains




Adaptive Management evaluation of Trinity ecosystem components

Does evidence suggest revising component’s objectives? If yes, do so.

l

Is component moving towards defined objectives?

Yes

l

Continue current

y

Evidence for changing
actions?

|

Uncertain

l

Wait and/or Improve

actions Methods
v , v
Yes Uncertain

i

Recommend changed
actions. Consider
effects on other TRRP
components.

i

Consider what'’s limiting
progress

l

Improve evidence.
Consider effects on
evaluations of other
TRRP components.




B. Whole system level (inter-disciplinary evaluation)

B1. Examine rationales for all proposed changes in actions

1

B2. Is each proposed action change:
1) consistent with TRRP strategy (and not confound its evaluation)?
2) supportive of other components (won’t undermine them)?

3) addressing factors most limiting fish production in short term (1-2 yrs)?

4) addressing factors most limiting fish production in long term (10 yrs)?

1

B3. Score proposed actions vs 4 criteria & assess tradeoffs

Converge to action plan for next year
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How long do you need to monitor?

 How long will it take to demonstrate overall effects of restoration
program on each subsystem?
« Can you in the meantime test hypotheses / models relating to

restoration tactics = inform annual management decisions?

Smolts

Post-treatment

Pre-treatment

Spawners

Trinity
Sm
R/S
Sm
/ Sp‘
0) Time (years 20



Recent trends in Trinity R natural fall
Chinook smolts and spawners

° 4,000,000
E 3,500,000 { « Smolts are the most
2 3000000 I } important performance
§ 2°000% [ measure of Program actions.
E 2,000,000 { 4
8 1,500,000 \]_:I
& 1000000 Smolts « Also the hardest (and most
Hilaa expensive) to measure.
3 0
2006 2007 2008 2009 2010
Year (March through August) ]
Fall Chinook spawners
Figure 1. Abundance of naturally produced juvenile Chinook Salmer |~
March through August, 2007-2010. Error bars represent 95% confic 60000 T
50000 -
E 40000 -
Spawners have strongest £ 30000 |
connection to overall goal =00
(increased harvest) but can :j> NAaASEERAEE AR "o S
vary_lO-foId with ocean G R
survival, so hard to see Year

trends.




Where and when should you sample?

Trinity River Program Area



Sampling Framework

Assessment

v

YES " Established

Sample

Census

protocol?

YES

v

Census

Census
feasible?

GRTS
sample

appropriate?

GRTS panel
design

Refer to Appendix G

el /

< Experiment/

process

v v

Alternative

sample design >

I

Inference to
entire system

Infere_nce to
alternative scale




Trinity River Program Area



Protocol 1 - GRTS selected sampling (50 sites)



Protocol 2 - GRTS selected sampling (25 sites - green)
overlapped with Protocol 1 sites



Protocol 3 - GRTS selected sampling (15 sites - black)
overlapped with Protocol 1 & 2 sites




Single protocol
Single protocol

Single protocol

s 171ple protocol

. Triple protocol
Single protocol ppep

Double
protocol

Yy Double
protocol

(s

Triple protocol



Paint A

Point A

200m reach

Trinity River Program Study Area

Foint B

4

Point B

river river
channel channel
width width

200m reach

GRTS point for monitoring site
Protocol 1 — Fish habitat mapping (SEHM)
Protocol 2 — Riparian bird point count
Protocol 3 — Riparian vegetation transect



Feasibility of AM Experiments

~ 50 _
0 Global
& climate
% 40 — change
Q
£ TRINITY AM EXPTS. Large
‘g} 30 River
° Water- Basins
= 20 sheds
@ Salmon
4 Stream .. Pop’ns
> 10 Reaches /
G Forest
S Stands /
= |  Farm
1
= | Plots |
I b
easy difficult impossible

How easy to replicate treatment / controls?



30 Scales of Trinity AM Experiments?
o 25
0
(D)
0
@
% 20 — Adult
S - Salmon
Z Y prod’n Smolt
= 15— prod’n prod’n S
$ ystem-
+ wide
g Channel Itirtles habitat
v 10 Rehab
& Sediment  Sites
g = & Riparian Frogs
= margin
£
5 1-
= | |
easy challenging difficult

How easy to replicate treatment / controls?



Implementation Challenges

* Buying back houses; replacing bridges

o




Implementation Challenges

History of development means low level of trust between
Hoopa and Bureau of Reclamation, inertia in monitoring

Multiple agencies, disciplines, objectives

Cheap mechanical restoration in many places vs. fancier
restoration in a few places (resolved — cheap doesn’t work)

Predicting design evolution (beyond current tools)

Public use vs. restoration actions (e.g., trout pools filling up
with added gravel)

Staging implementation to learn more vs. going quickly to
have greater impact (adaptive management tradeoff)

Differing visions (Physical scientists vs Biologists; Tribes vs
Bureau of Reclamation)

Klamath temperature problems forcing fall flows in Trinity

Climate change likely to reduce snow pack by 80% by 2050
(happening sooner? 2014 snowpack 80% below normal)



Questions???
Check out trrp.net

THANKS TO: Scott McBain, John Bair, Andreas Krause Darcy Pickard,
Marc Porter, Katherine Wleckowskl Ernie Clarke mndrowskl
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EXTRA SLIDES

B sky

Sunny side of pyramid

~ Shady side of pyramid




Organizational
Structure &
Implementation
Challenges

Secretary of the
Interior

Trinity Management Council

Trinity Adaptive

Management Working
Group

Adaptive Environmental
Assessment and Management
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Program Goal

Objective #4

\4

Increase/sustain natural escapement

\4

Improve wildlife

to pre-dam levels; allow harvest Objective #5 populations/use along Trinity Objective #7
v
Increase/sustain smolt
production from Trinity
' ' '
Increase/sustain Increase/sustain Objective #3 Restore and protect
smolt survival from smolt production wildlife habitat
NF to Wietchpec above NF
i l l
Wietchpec temperature Increase/sustain habitat quality and quantity above NF Objective #2
objectives
\ 4 \4 v l
Increase/sustain Reduce fine Temperature Increase
fry spawning and sediment storage objectiyes at Douglas mainste_m
rearing habitat in mainstem City and NF complexity Objective #6
v
Reduce fine sediment » | Restore/sustain/ maintain Increase/sustain
contribution from tributaries alluvial features > | rparian ve.getafuon
extent, diversity

Integrated Assessment

Plan, 2009

Objective #1

\4

Bed mobility, scour,
coarse sediment budget,
channel migration, etc.

Prevent
riparian
encroachment




What scales of measurement?

(courtesy of Greg Pasternack)
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' Widths) (10_ Channel Wldths)_ _ Widths) _
Provide higher quality Prowde_greate_r quantity Provide a me_chan_|§m
habitat for existing of habitat to increase for self-sustainability
) population size of the river system
populations
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