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Session Coordinator: Eli Asarian, Riverbend Sciences

This session will explore science across a range of topics relevant to river restoration
and conservation, including: sampling design, genetics, water management,
hydrologic effects of habitat restoration, and climate change effects on salmonids
and food webs. Habitats discussed will span from mountain meadows to coastal
streams and regulated mainstem rivers, and from the Pacific Northwest to
California's North Coast and Sierra Nevada.
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Global decline in biodiversity since 1370

WWF

MARINE 56%

| TERRESTRIAL 6%
OVERALL 73%

Freshwater drags the overall
biodiversity curve downwards

FRESHWATER 85%
1970 2022

Modified from Reid et al. 2018; Statistics from the WWF Living Planet Report (2024)




* Traditional methods are based on visual detections and counting,

which is not always standardized and is dependent on practical
and taxonomic expertise

* Often limited to assessments of adults, regularly of listed species

* Commonly occurs in summer




What is e DNA?

Short for |
environmental DNA o’"‘

'."‘

Refers to DNA that
can be extracted
from soil, air, or water

Can find DNA of
animals, plants, and
microorganisms

DNA=Deoxyribonucleic Acid



eDNA Barcoding: Single Species

Water > DNA — qPCR =P fluorescence of a

Extraction Using primer for target species single amphﬂed

gene that can be

/ quantified
e 8

Filtration

Fluorescence

Number of Cycles

A primer is a short stretch of DNA that targets unique
sequences of a gene

gPCR=quantitative PCR, real-time PCR, or quantitative
polymerase reaction=amplifies target DNA
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Trout eDNA was detected above efishing upper-
most fish in 31 streams (52%) by 50-250m
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eDNA Metabarcoding
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Multigene eDNA Metabarcoding
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Multigene eDNA metabarcoding has built in
redundancy because it uses multiple primers

Multigene eDNA

Electrofishing metabarcoding
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eDNA distinguishes species across taxon

b
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eDNA increases taxonomic resolution
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eDNA detects of sparsely distributed species
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eDNA identifies cryptic lineages
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Genetic diversity of Coastal
Cutthroat Trout greater in
coastal streams

Some rivers have private haplotypes,
including one coastal river and the
Umpqua River

Moderate diversity in Willamette and
Umpqua Rivers, but no shared
sequences

Lowest diversity in the Rogue River,
but shared sequences with coastal
streams and Willamette watershed

Weitemier et al. 2021,
Molecular Ecology



Does habitat diversity beget biological diversity?

eDNA Detections
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Prior to floodplain river restoration

_eDNA Detectiwons
Pre-res'toration, 2016

Wetted Area
Pre-restoration (2016): 41,144 m?

Flitcroft et al. 2022, Frontiers in Environmental Science



More species/taxon post-restoration

eDNA Detections
Post-restoration, 2020-21

e

Wetted Area
Pre-restoration (2016): 41,144 m?
Post-restoration (2020): 153,719 m?

Flitcroft et al. 2022, Frontiers in Environmental Science



Mean watershed
stand age (years)
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Higher richness in watersheds with older forests

Invertebrates Vertebrates
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What is the freshwater
biodiversity response to

fire?

Is there a change in
structure or composition?
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Fish and amphibian richness was unaffected by fire,
but there were changes in composition following fire
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Take home messages

* Freshwater biodiversity can be comprehensively inventoried
using multiple primer sets from a single sample

* There is a world of hidden biodiversity in freshwaters
including cryptic species complexes, distribution extensions,
and detection of rare, sparsely distributed, and overlooked

species

* eDNA information allows for a broad assessment of
freshwater biodiversity leading to data-driven prioritization of

taxa



Questions?

Contact information:
Brooke Penaluna, PhD

PNW Research Station
Brooke.penaluna@usda.gov




Sam Rizza — TRIB Research




TRIB Research

e Farming, community events, and
fisheries research nonprofit

e Conservation genomics
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The Fishes

e Natural hybridization between sympatric species

e Temporal and spatial isolation in spawning

® PhySIC8| CharaCte rIStICS Coastal Evolutionary Lineage

Coastal Cutthroat Trout
Oncorhynchus clarkii

Coastal Cutthroat Trout (oncoriiynchus ciarki)
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Coastal Cutthroat Trout Character(istics)
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Coho salmon

Ung/l " Coastal cutthroat trout 20019/l

A few drops in a
swimming pool

.
e
-

Chinook salmon

[

l
' E Sockeye salmon
Rainbow trout |

1
1 3000 ng/L
6PPD-quinone concentration

Coastal Cutthroat Trout Character(istics)

Confidence is high
Go it alone attitude

Sensitive

30000 ng/L

Adrop ina
bathtub



) ——

| Coastal Cutthroat Trout Character(istics)

e Confidence is high
e Go it alone attitude
e Sensitive

e Love of science

Sockeye salmon
Coho salmon Rainbow trout Chinook salmon
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Research Questions
1. How is hybridization manifested across the landscape?

a. Where are F1s (first-generation hybrids) detected?
b. How do barriers affect hybridization rates and hybrid types?
. Do hybridization rates vary geographically?
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Methods

Study area: Eel River, CA to Siletz River, OR
Night netting, seining, fishing, and outmigrant
traps

~1,500 samples from 88 locations

RADseq (sbf1) - 227 diagnostic SNPs




General Patterns of Hybridization

e Sneak-mating strategy by CCT males
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General Patterns of Hybridization

e Sneak-mating strategy by CCT males
e Limited hybridization

e Hotspots of increased hybridization

HELLO
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Research Questions
1. How is hybridization manifested across the landscape?

a. Where are F1s (first-generation hybrids) detected?

i

g e TSR



F1 Hybrid Detection Siletz
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Research Questions
1. How is hybridization manifested across the landscape?

b. How do barriers affect hybridization rates and hybrid types?

i

g e TSR



Hybridization and Barriers
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Hybridization and Barriers
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e Manmade barriers
e Historic stocking
“The Humboldt association will receive 150,000 cut-
throat trout from the United States Bureau of Fisheri¢
station in Yellowstone Park this summer.” (1924)
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Hybridization and Barriers
Rogue
e Manmade barriers
e Historic stocking

“The Humboldt association will receive 150,000 cut-
throat trout from the United States Bureau of Fisheri¢

station in Yellowstone Park this summer.” (1924)
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Hybridization and Barriers
Rogue

e Manmade barriers
e Historic stocking

“The Humboldt association will receive 150,000 cut-
throat trout from the United States Bureau of Fisheri¢

station in Yellowstone Park this summer.” (1924)

e Partial natural barrier
e Pure populations of CCT

Pacific
CA-S

Individual
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Research Questions
1. How is hybridization manifested across the landscape?

c. Do hybridization rates vary geographically?
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Geographical Gradient of Hybrids sietz- [l 32

Yaquina - 17

Alsea - 35

e Sampling bias
e Genomic incompatibilities
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Geographical Gradient of Hybrids Siletz - rsz
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Research Questions
1. How is hybridization manifested across the landscape?

ation rates change over time?
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Hybridization over time

e Three lower Klamath
tributaries
e Two years of screw trap data
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Hybridization over time

e Three lower Klamath
tributaries

e Two years of screw trap data

e Amount of hybridization

Klamath similar

Species class

Individual
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Conclusions

Limited hybridization but hot spots are
present

F1 hybrids tend to outmigrate
Manmade barriers perpetuate
hybridization AND isolate pure CCT
Geographical gradient of hybrids

Stay tuned for information on annual

variation
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o DemblerouEsy A Salmon Data Partnership

The salmon data conundrum..25+ years of Pacific salmon
data and products

e Where to find the data
® Where to house the data products

e Different types of products are stored in different places




@ SALMON

> 4 DATA DISCOVERY

A Salmon Data Partnership

Goal: Make salmon related products more findable, accessible, and
reusable

Develop a web-based tool to house salmon datasets, derived products, and documents across all ecosystems




SALMON

> 4 DATA DISCOVERY

Geographic and Ecological Scope

West Coast of North America waters with Pacific salmon
® Freshwater
e Nearshore/ Estuary
e Off-Shore Ocean

Watercolour illustrafion by Aimée van Drimmelen, Infographic by Fuse Consulting

¥ Puget laano
| 4~ Sound
Species/ Environmental indicators | P Washington
e prey/predator/competitor species ' i 1«” caus
. . g3 ives A [ —— i _— Oregon
® ecosystem indicators L e ey v

il » 4 o - b o > =4 M
® habitat metrics 5
«  aftract insects that salmon eat main stre:
+  stabilize the bas S
erosion and filt
«+ provide woody
fallen trees, to i

= STREAM

CHANNEL COMPLEXITY
ABUNDANT Good salmon streams have wood, rocks, pools,
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and riffles as well as clean gravel for spawning.
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=Y DATADISCOVERY A Salmon Data Partnership

Product Types and Users Documents

Data types: documents, data files, derived
data products, spatial data, GitHub links
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~ Spatial Layers

Contributors- Anyone!

User - Anyone!

Data Sets

=
.
‘ , GitHub Code
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Freshwater Riverscape
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D t D . Salmon travel through multiple ecosystems during different stages of their life. Explore
atla ISCOvVeE ry the variety of ways data from diverse ecosystems contribute to salmon recovery efforts.

Browse pre-filtered data,
relating to reports, published
| documents and more
= i h_ce trends of Pacific
Ecological Concemns = : ' B AR Salmon Spotlight

*
Redistribution of Salmon

populations in NE Pacific Salmon Technical Recovery
Ocean Teams (TRT) documents = = Spatial Data
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Intrinsic Potential - Puget Sound (steelhead)

Last updated 12/1/2025 @ View

& Downloads (5) Report this data

About Dataset

Published Date

Buit using 1:100k, MHD Hydrography We developed a reach level infrinsic potential (IF) analysis for appication to steslhead spawning reaches for

aszessing habitat quality currently and hi

y occupied portions of the Puget Sound steelhead DFS. This approach enabled us to formulate a Version

baseline parspective from which we could assess contemporary changes to productivity. Utlizing established relafionships between habitat type, stream 1

lly adapted Geographic Information Syste

structure, landscape processes, and spawning use, we built 3 lo ased model. The GIS was used for the

Access and Use
MNon-sensitive Data

development, presentation, management and modeling of spatially referenced data. Geomonphological characteri
of gradient and width and these classes were given IP scores that reflect ralati

cs were assigned to unique categories
teelhead spawning preferences based on observed densities within those

Spatial Data

habitat characteristics. Additionally, we identified natural stream blockages and scored reaches above waterfalls, cascades, and DEM calculated gradients

Download
with zero spawning potential.

+ Download
Contacts

Ecosystem: Freshwater Riverscape
¥ ! Damon Holzer

Project: PETRT

Date Ranges: 9/25/2025 - 9/25/2025
Content Type: Spatia Tags

ol i 1 1 H 1 H Species: Steslhead = Salish Sea

Intrinsic Potential - Interior Columbia Basin (steelhead, stream-type Chinook) pecies: Siesires o steshesd Salish Ses
ESU/MPS: Steelhead Salmon {Puget Sound) Data Collection [iat 2 Time Series Intrinsic potential IP
Built using 1:100k, MNHD Hydrography - We developed a reach level infrinsic potential {IP) analysis for application to stream-type Chinook : ' Frequency: Sound summer-run
and steelhead spawning reaches to assess habitat quality within currentty and historically occupied portions . . . Population: - gieeihead (Puget Sound) - Baker River, a Seasan: Not Appiicable winter-run spatial
Steslhead (Puget Sound nyon Creek; '
Tags: ICTRT. stesthead, habitat, snake river, chinook, Interor Ciolumbia Basin, Intrinsic potential, spavwn . . . Steelnead (Puget Sound) - Deer Greelc Fishery Management
View more

9 @ (140) & (10 Version: 3 Published: 2025

Type: Spatial

Intrinsic Potential - Puget Sound (steelhead)

Built using 1:100k, MNHD Hydrography Ve developed a reach lewvel infrinsic potential {IP) analysis for application to steelhead spawning
reaches for assessing habitat quality within currently and historically occupied portions of the Puget Sound ste . . .

Tags: steehhead, Salish Sea, Intrinsic potential, summer-nm, winter-run, spatial, IF, Puget Sound

9 @ (51) X 5 Type: Spatial Version: 1 Published: 2025

More Information

Download and Versions

EOURCE TYRE

File

DEECRIPTION

UPLOAD DATE L

2072025

= Expand All
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D t D . Salmon travel through multiple ecosystems during different stages of their life. Explore
datla ISCOvVe ry the variety of ways data from diverse ecosystems contribute to salmon recovery efforts.

Ecological Concems : Sal O BN P Salmon Spotlight

& = ——
L >

Redistribution of Salmon
populations in NE Pacific Salmon Technical Recovery

Ocean Teams (TRT) documents = Spatial Data
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LINKING DATA WITH DOCUMENTS

Biological Viability Assessment Update for Pacific Salmon and Steelhead
P == Listed Under Ih& Endamamd Species Act: Pacific Northwest (Jan 2022)
o8 Agency Repon, mx el i D54 o] e
. G Toge Wanid Rapod 30T catiily deddsd mm onG Bkl DR Wil Fly SAMELTEST CRirY Report
Lpilan ] @ & ) Typ#: Docurmant Wersien: 1 Publahed: 2053
What goes into a Salmon
Viability report?
. Chinook Salmon Populations
.-l.- 1 aaerut 4 homsnd wubwenty of CF e MRt gl 1gR ] g x
ThgE i, Ohrnm, OGS el By Dty B S pat I a I La ye rS
] @ & Type: Spatial Varshon: 1 Publahed: 2071
S Salmon Population Summary 2022 Viability Report dataset
_ T e iy Mlipazd s
Abundance Data
ia Q @5 X Typs: Tabuiar Version; 1 Pyublshed; 272
o BN
l ' _ Salmon Viability Github
gai Bourd 5 | — gy
AR ' GitHub Code
NE i T 202 LY - Al P (=, ikl O el 7 Lms g
J | . l - -] @ &0 Typ#: Decument vafaion: 1 Published: 2022

PopulaBon




SALMON

> 4 DATA DISCOVERY

Ways to Search - Filters

Filters Reset

Population -

Ecosystem #

F.
|
%,

Off-Shore Ccean ()
EstuargMearshore Dosan (5)

Freshwater Riverscape (300

Filter Options |

Chinook {Snake River Fall Run) -
Snake River Lower Mainstam (1)

Mot Applicable (2)

Chinook {Deschutes River SurnmenFall
rum) - Deschutes Fall (0)

Chinaok {Mid-Columbiz River Spring-
Run) - Upper Deschutes Spring (0)

Species -~
Chinook {Mid-Columbia River Spring-
Run}) - American Spring ()
,:' Fitter Crptions ':| Show 1055 more
Chinook {30)
Stesthead (19) Time Period ~
Coho (14)
Sackeye (2) To: [ 1800 ]
Chum {11}
Show 2 more From: [ 2029 ]
) Update Reset
ESWDPS -~
Ir"- - "al Fishery Management Areas ~
Chincok Salmon (Sacramento River P 5
winfer-run ESU) (2) I\_‘- Filter Cptions ‘_;'
Chincok Salmon [(Upper Columiia . -
River ESL) (12) Columbia River Basin ()
Coha Salmon (Central Calfomia Coast Puget Sound {2)
ESL {2 Pacific Coast ()
Sockeye Salmon (Snake River) () Snake River (2)
Steslhead {Southern Califonia Coast Willamette River (3)
DPS) (1)
Show 4 more

Show 49 more
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More Ways to Search

Advanced Search Homa

Location




© Callfomia Chinook Bl
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Search: California

Oregon Coast and Southern Oregon & Northern California Chinook ESUs;
Population, Run-Type, Use, and Catchment Attributes Used for ESU
Listing Assessment

* This dafasol s a key bial tnol developed o support tha Cnegon Coast and Southem Dragon & Modham:
1 evaluating populkalion siructure, listing poential, and

\ s Chink: ssimen, Bkogeesl e b, s, populsion, e, s, spele, O, SONG, b, G-

- @ @z FAL Typa: Epatial varcion: 1 Pubiiched: 2026

STEELHEAD OF THE SOUTH-CENTRAL/SOUTHERN CALIFORMIA
COAST: POPULATION CHARACTERIZATION FOR RECOVERY PLANNING
Bouih Canirall Southem Calfomia Siecdhaad Populabion idenification Docysmeni MOSS-TRHSMFE-SWFEC-354

luge: et Hssvery Taem, §op 1D, Caliloeni, Souh CanbnsdSoulieen A Dosnd, sbesifssss

9 @ 1) & Typa: Documen vercion: 1 Publiched: 2005

VIABILITY CRITERIA FOR STEELHEAD OF THE 30UTH-CENTRAL AND
SOUTHERN CALIFORMIA COAST
Tachnical Resmseny Taam Toch Mema MO THMENMFS-SWFEC-4IT

luga: TH], shsiieesd, Califomis, South CenbrslSockheen CA Cosed,. echniosl Hsorary s

9 @ & Ty Documin Version: 1 Pubiliched: Z007

West Coast of North America Shoreline

This shapefie comtains the mangod fashires of the host vailabie shorsines s 2005, The soules vany, bl
penarally range bebaten 1:24k b 100K fmostof the WE of fia US and Canads oo chiser b 24k Soma island
Nasmeies Farve Dovisn otrifedesd, At . .

lwg: Abrabod, Heags, Srilioh Cobumbis, Cslilonims, Carscis, cosslive, Meoa, Cregon, shonsiins, LS4, Veodd ..

9 (54 FY-1] Typec Spalial Verslom: 1 Fubliched: 2025

A FRAMEWORHK FOR ASSESSING THE VIABILITY OF THREATENED AND
ENDANGERED SALMON AND STEELHEAD IN THE NORTH-CEMTRAL
CALIFORNIA COA ST RECOVERY DOMAIN

TRT ahility Document Tor the Morh Ceniral Calfomia Coast

Tugs: THI, Ui, Morih- Cenbrsl Cslif omis Coss), lechres] Hsoosry T

9 @) & Typa: Documenl warcian: 1 Publiched: e

AN ANALY 515 OF HISTORICAL POPULATION STRUCTURE FOR

- EVDLUTIONARILY SIGHIFICANT UNITS OF CHINOOK SALMON, COHO

SALMOMN, AND STEELHEAD IN THE NORTH-CENTRAL CALIFORNLA
COAST RECOVERY DOMAIN

TRT Cocurrant, Hiskorical popukabion sinactioe for the Mo Cenrial A Cosst recowveny' domain

Tgg: Ttz Hismzsvsry T, Mot Cinired CA Cossl, pogadslion sirociurs, TH1

9 @ i & Typa: Dacumén wercian: 1 Publiched: 25

.. Data for northern California Current salmon stoplight table

Raw data for notherm Calfornia Curnent salmon sioplighi iabla.

- logs: brerats, opiohl et ovesn, Feicelon, cadlons, Semon Sogichl

9 @ j45) X 2 Type: Tabular arcian: 2 Publiched: 2124

FRAMEWORK FOR ASSESSING VIABILITY OF THREATENDED COHO
SALMON IN THE 50UTHERN OREGON { HORTHERN CALIFORMIA

W COAST EVOLUTIONARILY SIGNIFICANT UNIT

TRT ‘ability Documant Tor SOMNC o

Tz DL, wiatainty, Cofoani, Orepgon, bectwiond Moy b, SONC Coha

-] @ & Typa: Docmen wercian: 1 Pubiliched: 2

HISTORICAL POPULATION STRUCTURE OF COHO SALMON IN THE
SOUTHERN OREGON/MORTHERN CALIFORNIA COASTS

EVOLUTIONARILY SIGHIFICANT UNIT
TRT Cowurmant SOMC Coho Population Struclue

Tz SONL Cobo, Tectwicsl Heoowsry e, popaislion sircchm, TH]

9 & X o Typa: Document Vergion: 1 Publichsd: 2006

-
| Filter Options |
-

Ecosystem @ A

Y
_I iter Options _./,I
Off-Shore Ocean (3)
Estuary/Mearshore Ocean (1)
Freshwater Riverscape (8)
Species © ~
\

Chinook (5)

Steelhead (4)

Coho (B)

Sockeye (1)

Chum (1)

Pink (0)

Coastal Cutthroat Trout (0)

Show fewer

ESUWDPS © A
f/ Filter Options \u
\ W,

Coho Salmon (Central California Coast
ESU) (1)

Steelhead (Southern California Coast
DPS) (2)

Chinook Salmon (Cenftral California

Show 49 more
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ADVANCED SEARCH ECOSYSTEMS v

Data Upload - Create Login

Sign up
First Name
l l My Datasets
Last Name
| |
rgency l Home
Email

katie_barnas@noaa.gov
l l O, Search Add New Dataset
Password

[ ........... ]

Confirm Password

| |

Already have an account? Login

This site is protected by reCAPTCHA and the Google Privacy Policy and
Terms of Service apply.
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Content Description

Ecteysliam S| Erowpslsam

Data Upload - Content
Description i

A
Progact: Hapwonis:
Conbont Tymac Lt Epecins Ssbur] Spaasen
Dabas Ranga: T R [m] v O Y (] ESLIDPS: Sabacd EEIINS
R of Vs =] Poprilation: Sbact | 'opuisliin

Dria Colarthon Frapency: Pood 1 T S = E Piod S i

Fishiry Managesmant Sma
Sl bpahwary arastpean ! Anads

Diatrsel wsaad in Reponis m

L (=2 ] LAST UPTATLD: 4 YIRS XH COHTALT WAMES

— P o

Hoiies:
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Roles

Contacts

LONTHET MAME L TIML.E AETMCY SLTHRG

Collaborators Add Collaborator

Katie Barnas
_ Owner
katie.barnas@noaa.gov = NMFS - NOAA
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Citations

We are committed to ensuring proper attribution for all dataset contributors. When uploading data, please include comprehensive acknowledgment of all organizations, institutions, and

U p I Oa d - tnibal entities whose data informed or contributed to these records.
C I ta t I O n Dataset Name: Data Type: Tabular v

Min Date: mm/dd/yyyy o Max Date: mm/dd/yyyy (m|

Contact Organization: Dataset DOI:

Location of dataset Document DOI:

{URL):
ggfﬁrence or application Version-
Data Collectors: Access Date: mm/dd/yyyy (m|
Data User(s): Year Published: Select Year v

Citation Notes:
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Upload / Connect Data
Upload / Connect Data

Source Type:
SOURCCTTFC DLSCRPTOM DATA ML OHMEC TiCW MDA LITATHON PLOADDATT (=i = Ry 4

File

® Files
® Location

File/Link Description:

Dataset Coverage Areas

Click Vel Comvmariags S Ly Slart O W N Sxsveig e con [ o

#~

Lt B rrmag powdecin Lo o rechanioene, cleE drewei or theas U isaare

If submitting more than one file, please bundle them into a ZIP archive
for uploading. Total file size for uploads should not exceed 2GB.

+ o
= o File
] "
Download the template for metadata (click here)
Metadata
Citation File

Covarage Arzas (0

Cancel
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Data Sensitivity

© Non-sensitive data [

Some Sensitivity T

Sensitive Data IR

* | have obtained permission from all parties who contributed to compiling this data and am authorized
to share it publicly. | have reviewed the data and verify it contains no unauthorized personal
information, condidential matenal, or sensitive content requiring protection. | understand this data will
be publicly accessible, may be downloaded and used by others, and cannot be guaranteed complete
removal once published. | take responsibility for the data's accuracy, compliance with applicable

regulations, and confirmation that its sharing does not violate any agreements or rights.
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Benefits of contributing to SDDT

Public Access to Research Results: All federal data and data products
funded by taxpayer dollars must be freely available

Data Principles:

15’44

Findable Accessible IntErnpﬂraET-n- EE.IIEEIJIE.

hed T, N
WYY W and X AXdai ViV X ]

Collective  Authority Responsibility Ethics
Benefit to Control




SMFC & NOAA TEAM

Monica Diaz, Nancy Leonard, Gabe Smit,
Greg Wilke, Greg Williams, Mari Williams,

SALMON DATA DISCOVERY TOOL

Katie Barnas, Damon Holzer, Mary Hunsicker,
Chris Jordan, Michelle Rub, Dawn URycki, Eric Ward

PROBLEM

Data are scattered among many sites and platforms

¢ Disconnected from the reports and publications they support
« Difficult to find, stored in numerous locations, and often inaccessible
¢ Not documented in a way that allows for easy reuse

SCOPE

Geographic: West Coast of North
America waters with Pacific salmon

Environmental indicators:
prey/predator/competitor species,
ecosystem, habitat

Data types: documents, data files,
derived data products, spatial data,

GitHub links

Contributor: any data collectors and
interested collaborators

User: Anyone!

Data
Management

Quality Control

SALMON

DATA DISCOVERY

Explore Salmon Data

o Searc

Key Ecosystems

EstusfyiNearshore Ocean

stages or thelr fe. Expiore the variety of ways data

® Data contributors can edit their content at any time, and those edits are tracked and publicly visible
e Multiple versions of data can be uploaded under the same title (e.g., time series or yearly water quality)

e Multiple collaborators can be invited to edit a dataset

o File uploads are limited to 2GB to ensure reasonable download times

¢ Only non-sensitive data can be submitted

e Contributors must have permissions from all partners, and are responsible for data accuracy and ethical data standards
e Submissions require complete data documentation and proper citation to promote transparency and reusability

e Users can report errors or issues with any published dataset

& NoAA

SOLUTION

Develop a web-based tool for datasets, derived products and documents across all ecosystems

o Accepts all Pacific salmon related data, including environmental and biological indicators
e Accommodates most file types including reports, spatial and tabular data, and GitHub links
e Allows full downloadable access with complete citation information

LINKING DATA WITH DOCUMENTS DATA SEARCH OPTIONS

Advanced Search

Advanced Search

Search options include
keyword search bar,
sidebar filters for refining
results, and file type

i b ey iy ‘ B selection to help

Snlegim s e ) - ' users efficiently find
relevant data

Location Explorer
The Location Explorer enables
geographic
e | ——— ~ data exploration by assigning
: ; spatial areas
to data and documents. Datasets
» can appear
5 A\ 4 | GitHub Code at multiple map locations,
) facilitating
comprehensive spatial searches.

email: SDDT@psmfc.org

website: https://sddt.psmfc.org/
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Questions?

https://sddt.psmfc.orqg/
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Flow (CFS)

The Importance of Flow Variation for

Reqgulated Rivers
SethW. Naman

— 15 min — Daily mean — Monthly mean
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The Natural Flow Regime

A paradigm for river conservation and restoration

N. LeRoy Poff, J. David Allan, Mark B. Bain, James R. Karr, Karen L. Prestegaard,
Brian D. Richter, Richard E. Sparks, and Julie C. Stromberg

umans have long been fasci-
nated by the dynamism of
free-flowing waters. Yet we

have expended great effort to tame
rivers for transportation, water sup-
ply, flood control, agriculture, and
power generation. It is now recog-
nized that harnessing of streams and
rivers comes at great cost: Many

rivers no longer support socially val-
ued native species or sustain healt!
ecosystems that provide imporra’
goods and services (Naiman et {
1995, NRC 1992).

N. LeRoy Poff is an assistant profess|
in the Department of Biology, Colora
State University, Fort Collins, CO 8035
1878 and formerly senior scientist
Trout Unlimited, Arlington, VA 22205

The ecological integrity
of river ecosystems
depends on their natural
dynamic character

The extensive ecological degrada-

J. David Allan is a professor at the Schojiia

of Natural Resources & Environmes
University of Michigan, Ann Arbor,
48109-1115. Mark B. Bain is a resear|
scientist and associate professor at 1

ing. However, current management
approaches often fail to recognize
the fundamental scientific principle
that the integrity of flowing water
systems depends largely on their natu-
ral dynamic character; as a result,
these methods frequently prevent suc-
cessful river conservation or restora-
tion. Streamflow quantity and tim-
ing are critical components of water
supplv. water aualitv. and the eco-

Bridging Gaps

43%> A nnual
Salmonid Restoration Conference
Bridging the Gaps in Restoration

APRIL 28 - MAY I, 2026 REDDING, CA

Between science
and implementation



Is 15 minutes Instantaneous?

= USGS

science for a changing world

Water Services Web Services Test Tool Documentation Blog

Documentation and Documentation and Help > Instantaneous Values Service
Help

¥ Instantaneous

Values Service Instantaneous Values

FAQs This service lets you acquire near real-time water data from thousands of sites managed or monitored by the

USGS across the country. Readings are usually made every 15 minutes and transmitted hourly.
Service Details

» Daily Values Service Intantaneous Values Frequently Asked Questions
Questions that are most often asked that do not fall in any specific service topic.
> Site Service

N o _ Instantaneous Values Service Details
Statistics Service You can use this service to retrieve recent and historical values for streamflow as well as data for other regular
time-series parameters served by the USGS.

» Groundwater Levels
Service

General Questions



Ins piration
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Richardson
Wikipedia

Commons



First described by Lewis
Fry Richardson and then
by Benoit Mandelbrot

As measurement length
decreases, measure
distance increases

Coastlines have fractal-
like properties,
especially rocky
coastlines

Fractal dimensions
(between 1 and 2) can
be used to categorize
coastal geomorphic
processes

Coastline Paradox
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Langit of coact
]

100000

50000
1

Length = 17,820 km

Scale = 100 km Seale = 50 km

Blakemore 2018 and Wikipedia

Scale = 100 m
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As the ruler
get smal ler,
the coast line
(in theory)
gets exponential ly
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I dm infinity.
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Coas

* Has not been
disproven

 But authors have
shown there are
practical limits

* E.g. water molecule
Size and minimum
measurement
iIncrement

ine Paradox

| Joumnal of Coastal Research

| (1] | o | (RO | Coconut Creek, Florida Month (KK}

The Coastline Paradox: A New Perspective
Gerard McNamara® and Guilherme Vieira da Silva

Coastal and Marine Research Center

Griffith University

Gold Coast, QLD 4215, Australia

28 !!!.'.‘.'! Y
MLEE

www JCRonline.org

www cerf-jcr.org

ABSTRACT

MeNamara, (5. and Vieira da Silva, ., 0000. The coastline paradox: A new perspective. Journal of Coastal Research,
00(0), 000—000. Coconut Creek (Florida), ISSN 0749-0208.

The coastline paradox, which suggests that coastlines have indefinite lengths, is a widespread and misleading concept
that has endured in scientific iterature for over 50 years. This paper argues that the length of a coastline is real and
finite. The measurement of coastlines allows for the gquantification of coastline dynamics and engineering responses to
these changes. The real difficulties in measuring sometimes complex coastal shapes have taken the appearance of an
unreal impossibility. The paradox is resolved using three methods. The first examines definitions used to establish the
features to which “coastline” refers. The second applies these definitions to the measurement of real coastlines. Finally, a
geometrical analysis is carried out to resolve the paradox mathematically. The purpose of this paper is to help resolve the
paradox and reduce confusion surrounding the topic, which will be of direct use for coastal communities and planners to
assess and respond to coastline changes and sea-level rise.

ADDITIONAL INDEX WORDS: Coastal, geamorphology, fractals.

INTRODUCTION

The formulation of the concept now referred to as the
“coastline paradox™ was outlined in Mandelbrot’s (1967 ) paper
“How long iz the coast of Britain.” In this paper, Mandelbrot
referred to and built on observations made by Richardson
(1961) concerning differing Spanish and Portuguese estimates
of the length of their shared border and their coastlines. Using
the coastline of Great Britain as a case study, Mandelbrot
(1967, p. 636) claimed more generally that, “Geographical
curves are so involved in their detail that their lengths are
often infinite or, rather, undefinable.”

Although Mandelbrot sometimes questioned whether this
abstract mathematical concept applied to real coastlines
(Mandelbrot, 1967), much of the citing literature highlights
only the idea of immeasurability and not the potential
mizalignment with measuring real coastlines. Concepts such
as scaling, fractals, and self-similarity are commonly refer-
enced in mapping and geosciences, where they have found

e 1 1Y 4 msam T L]

A typical example of distortion in the analysis of geographical
data by the paradox concept is found in Galloway and Bahr's
(1979) paper titled “What s thelength of the Anstralian coast.”
This work correctly notes that an increase in the measuring
resolution results in a longer coastline length measurement.
The paper then concludes, in reference to Mandelbrot’s work,
that “the study has demonstrated once again that coast length
is indeterminate” (Galloway and Bahr, 1979, p. 3).

Using Quine's terminology, the coastline paradox can be seen
as a “falsidical paradox,” that 18, one that appears false and is
false (Quine, 1966). It appears counterintuitive that an object,
onee it becomes part of a coastline, should lose its capacity to be
measured. General concepts of immeasurability from the
realms of physics, due to the uncertainty principle or relativity,
can be factored into measurements when relevant, such as the
time-dilation corrections used in satellite positioning (Lucchesi
et al., 2019). As such, the challenges involved in the
measurement of all objects as revealed by fundamental



How Can the Coastline Paradox and Fractals Help
Us Understand Hydrologic Alteration by Dams?
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3.

Some Terms

. Richardson-Baker Flashiness D
Index (RBI) o
Baseflow Index (BFI; low flow min
ratio) da
Synchronicity (COR) , n(Xxy) - X)Xy

VI - 2 - (O 2]

RBl and BFl are dimensionless



* High
flashiness-
desert
southwest RBI ~
1.5

* Moderately
flashy-N. CA
RBI ~0.15

* Low flashiness-
intermountain
west, Midwest
RBI~0.01
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Relationship Between RBl and BFI

 Groundwater
dominated
streams are less
flashy than rain
Or rain-sNoOw mix
dominated
streams

Discharge (mm/day)

10 4

&

-

_’AFL ————— Little R (surface-dominated r:m]- """'-:;‘-n -
— —— Salmon R (surface-dominated snowmalt)
McCloud R (groundwater)

Det Dwoc Fab Apr Jun Aug Oet

Mean Annual Mean Annual
River USGS Gage No Elev (m) Pcp (emiyr) Discharge (cmiyr)
Little R, OR (14318000) B0 156 B9
Salmon R, CA (11522500) 1300 141 83
McCloud R, CA (11367500) 1500 143 BT

Mayer and Naman 2011



Relationship Between RBl and BFI
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* Strong negative

relationship -

e As BFI
increases, RBI
decreases
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RBI at multiple timescales
Pathlength Ratio

TABLE 3. Effects of Using Hourly Rather Than Daily Flows on Magnitude of Annual Path Lengths for Stations of
Varying Drainage Areas in Northwestern Ohio. Stations are arranged in order of increasing drainage area.

Pathlength Pathlength
Drainage Based on Daily Based on Pathlength
Area Average Flows Hourly Flows Ratio

Stream (km?2) (106 m?) (106 m3) (hourly/daily)
Unnamed Tributary to Lozt Creck 10.96 3.3 11.4 3.44
Rock Creek 89.6 19.4 34.6 1.78
Honey Creek 386 48.8 68.4 1.40
Sandusky River 3,240 208.2 337.8 1.14
Maumee River 16,480 a80.7 1,660.9 1.69
Streams with smaller basins are more flashy than larger Baker et al 2004

ones, so time measurementinterval matters more
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RBI at multiple timescales

Salmon River at Somes Bar Example

— 15 min — Daily mean — Monthly mean — 15 min — Daily mean — Monthly mean
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RBI at multiple timescales

Salmon River at Somes Bar Example

— 15 min — Daily mean — Monthly mean

Year |Water Year Type | RBI 15 min | RBldaily |Ratio usminrsidaiyrss
2017 |Extremely Wet 0.961 0.189 5.08
2018 |Critically Dry 0.758 0.153 4.95
2019 |[Wet 0.997 0.181 5.51
2020 |Critically Dry 0.629 0.148 4.25
2021 |Critically Dry 0.564 0.150 3.76




Storage Reservoirs Increase BFI, decrease

RBI

E:.:’l: éﬂm‘aﬂeriﬂ:’fs of Potential Source Gages and Target Gage (TRAL)

Characteristic TRABCC TRALpre TRALpost SRASB SFTRBLH ICNEDC RCNRL
Gage No. 11523200 11525500 11525500 11522500 11528700 11525670 11525530
Drainage Area (km?) 386 1862 1862 1945 1979 87 38
Elevation (m) 773 358 358 147 233 518 359
POR 1958—present 1912-1960 196 1—present 1912—present 1966—present 2005—present 2003 —present
Distance from TRAL (km) 44 0 0 76.42 21.21 12.02 2.74
REI 0.188 0.166 0.059 .' 0.166 0.591 0.006 0.009
BFI 0.081 0.069 0.462 1‘ 0.089 0.040 0.056 0.026
Mean Q (m” s~ 114 46.5 17.9 50.2 36.7 0.9 1.0
CV 1.35 1.18 0.98 1.14 l.64 1.35 1.36
Adv Pred Yes NA Yes Yes Yes No No

Note. Gage acronyms include Trinity River at Lewiston, CA (TRAL), before dam construction (TRAL,,, ), after dam construction (TRAL,,;;). Trinity River above
Coffee Creek (TRABCC), Salmon River at Somes Bar (SRASB), South Fork Trinity River Below Hyampom (SFTRBLH), Indian Creek near Douglas City
(ICNRDC), and Rush Creek near Lewiston (RCNRL). Other acroynms include period of record (POR ), Richardson-Baker flashiness index (RBI), and basetflow

index (BFI).
Som and Naman 2026



TRAL 1912-2003

Black line is Trinity Dam
0.20-
65% decrease in RBI
using daily flows. - 0.15
More like 90% with 15 & "
minute data 0.10-
“| Wﬂ
0.05- MN“W%L |
V \

1095 1950 1075 2000 2075

Som and Naman 2026



Why Does RBI matter as a metric for requlated

rivers?
1800 g5 R:El P i z = $ :§:49: 3=
1600 RE BRI L: 2 % ¥ § = = ;5;5 E;‘
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RO M PR M R R
Flow (CFS) https://tpcovino.github.io/Git_home/hydrology/6_geomorph/6_geomorph.html
Petersen,
2026

Floodplain inundation, entrainment of organic material, sediment
transport, nutrient uptake, and ecosystem metabolism, to name a
few



Are we underestimatingalteration caused by

dams?

* We begin many
calculations of
“Alteration” at
daily or more
frequently monthly
timescales

* How much has
that alone altered
our assessment of
alteration by
dams?
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Synchronicity

(as measured by correlation)



Synchronicity

When rivers flood, surrounding rivers
often flood at the same time

6 July 1997 + 7 days
station without flood
» station with flood
e Artibai River
¥ Jaworzyna River
O

demarcation of the

flood synch. scale
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70 km, flood synchrony
scale for Artibai River

352 km, flood synchrony
scale for Jaworzyna River
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b
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radius [km]

Flood synchrony scale is maximum radius around an individual river gauge within which at
least half of the other river gauges also record flooding almost simultaneously
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Synchronicity

RADAR Weather Forecast Office i
Sacramento, CA H :
Wed 3:54AM Issued Nov 05, 2025 5:01 AM PST
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* The same is true
in California
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Synchronicity

* Unimpaired
river basins in
close
geographic
proximity are
often highly
synchronous

 Dams disrupt
this

A 1960, Normal B 1958-1960
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Why Does Synchronicity matter?

“Even marginal increases
in [fry] survival would
have significantly boosted
recruitment.”

“On the Stanislaus River,
these cues are now largely
artificial and often
decoupled from the
unimpaired hydrograph”

Lack of synchronicity can
contribute to a weakened
portfolio effect
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Why Does Synchronicity matter?

Buxton 2021



Indicators of Hydrologic Alteration (IHA)

Range of Variability Approach (RVA)

Degree of Alteration (DOA)



What are the Indicators of H

Alteration (IHA)?

* 32 metrics
commonly used to
assess flow
alteration by dams

* Significant trends
were present more
oftenin RBI thanin
any of the IHA
parameters for 100
selected streams

ydrologic

Baker et al 2004

BAKER, RICHARDS, LOFTUS, AND KRAMER

TABLE 7. Coefficients of Variation and Occurrence of Trends in THA Indices, Coefficient of
Variation in Daily flows (CVID)) and R-B Index in 100 Randomly Selected Streams.

Number of Stations From Set of

100 With Trends Significant
Average at Indicated p Values
THA Parameter Coofficient of Percent
Group, CVD, IHA Individual Variation for 27 With
and R-B Index Parameters Annual Values p < 0LO5 0.05<p <01 p=0l
THA-Magnitude of Monthly Water (October, Mean 1.0809 & 4 10
Conditions November, Mean 0.9492 3 2 B
Dacember, Mean 0.7684 2 2 4
January, Mean 0.6898 o T 16
February, Mean 0.665T & i 13
March, Mean 0.6123 13 26 a9
April, Mean 0.5733 10 4 14
May, Mean 0.7358 3 [ 4
June, Mean 0.8356 2 10 3z
July, Mean 0.9970 4 4 ]
August, Mean 1.1256 3 B 11
September, Mean 12816 T 5 12
[HA-Magnitude and Duration of 1-Day Minimum 0.7265 16 [ 22
Annual Extreme Water Conditions 3-Day Minimum 0.7034 16 9 25
T-Day Minimum 0.6684 18 12 30
30-Day Minimum 0.6631 15 11 26
80-Day Minimum 0.7687 i a9 15
1-Day Maximum 0.4859 B 5 10
3-Day Maximum 0.4607 6 2 ]
T-Day Maximum 0.4353 & 5 11
30-Day Maximum 0.3932 12 3 15
90-Day Maximum 0.3646 T B 16
Number of Zero Days 0.5604 1 4 ]
Bazeflow 0.5923 17 16 33
[HA-Timing of Annual Extreme Date of Minimum 0.1654 & 13 21
Conditions Date of Maximum 0.2062 1 2 3
IHA-Frequency and Duration of Low Pulze Count 0.5373 14 4 18
High and Low Pulzes Low Pulze Duration 0.7237 a [ 15
High Pulse Count 0.7946 i} 2 2
High Pulse Duration 0.7946 i} 2 2
IHA-Rate and Frequency of Water Rize Rate 0.4371 & 4 12
Condition Changes Fall Rato -0.3998 & 4 12
Number of Reverzsals 0.1099 21 4 25
CvD 0.2499 12 6 18
R-B Index 0.19382 33 9 42




Indicators of Hydrologic Alteration (IHA

110 J. D. OLDEN AND N. L. POFF
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RIVER RESEARCH AND APPLICATIONS — .
River Res. Applic. 19: 101-121 (2003) % -
Published online 13 January 2003 in Wiley InterScience l"\i PI- 10 T2
(www.interscience.wiley.com). DOL: 10.1002/rra. 700 b _ H
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REDUNDANCY AND THE CHOICE OF HYDROLOGIC INDICES FOR ; T, T2
CHARACTERIZING STREAMFLOW REGIMES -8 D, 15
JULIAN D. OLDEN* and N. L. POFF T1
Department of Biology, Colorado State University, Fort Collins, CO 80523-1878, USA -
. D,19
ABSTRACT F,l R.3
The utility of hydrologic indices for describing various aspects of streamflow regimes has resulted in their increase R.4
application in riverine research. Consequently, researchers are now confronted with the task of having to choose among *
large number of competing hydrologic indices to reduce computational effort and variable redundancy prior to statistic
analyses, while still adequately representing the major facets of the flow regime. The present study addresses this concel I-'I 1
by providing a comprehensive review of 171 currently available hydrologic indices (including the commonly use i R_‘S
Indicators of Hydrologic Alteration) using long-term flow records from 420 sites from across the continental USA. W
highlight patterns of redundancy among these hydrologic indices and provide a number of statistically and ecological
based recommendations for the selection of a reduced set of indices that can simultaneously (1) explain a domina
proportion of statistical variation in the complete set of hydrologic indices and (2) minimize multicollinearity while st
adequately representing recognized, critical attributes of the flow regime. In addition, we examine the transferability «
-1.0

hydrologic indices across ‘stream types” by identifying indices that consistently explain dominant patterns of varianc
across streams in varying climatic and geologic environments. Together, our results provide a framework from whic
researchers can identify hydrologic indices that adequately characterize flow regimes in a non-redundant manner.

combination with ecological knowledge, this framework can guide researchers in the parsimonious selection of hydrolog PCI (390%]
indices for future hydroecological studies. Copyright © 2003 John Wiley & Sons, Ltd.

KEY WORDS: hydrology: dams; alteration: variability; indicators



Indicators of Hydrologic Alteration (IHA

Problem: equal
weightingo
metrics

Authors have
recommended
weighting of IHA
metrics

Hydrol. Earth Syst. Sci., 24, 40914107, 2020
https://doi.org/10.5194/hess-24-4091-2020

@ Author(s) 2020, This work is distributed under
the Creative Commons Attribution 4.0 License.

Hydrology and
Earth System
Sciences

Development of a revised method for indicators of hydrologic
alteration for analyzing the cumulative impacts of cascading

reservoirs on flow regime
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Abstract. The impacts of reservoirs, especially multiple
reservoirs, on the flow regimes and ecosystems of rivers have
received increasing attention. The most widely used metrics
to quantify the characteristics of flow regime alterations are
the indicators of hydrologic alteration (IHAs) which include
33 parameters. Due to the difference in the degree of alter-
ation and the intercorrelation among IHA parameters, the
conventional method of evaluating IHA parameters that as-
signs the same weight to each indicator is obviously inad-
emuate. A revised THA method is nronosed by atilizine the

have a positive response to the flood peak process caused by
manual regulation.

1 Introduction

Free-flowing rivers (FFRs) support diverse, complex and dy-
namic ecosystems globally, providing important societal and
economic services (Grill et al.. 2019). Humans have ex-



Range of Variability Approach (RVA)

* RVAtargets at 25" and
75% percentiles:
management goal is to
maintain max 1-da
flood within range 50%
of years

* Does RVA imply that
river flow outside of the
25% and 75t percentiles
are bad?

 RVA is not written this
way, but does it
contribute to us
managing to the
median?
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:
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L
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Richter et al 1998



Degree of Alteration (DOA)

N, is the observed number of post-impacted years for
which the value of the indicator falls within the RVA
target range, from 25th percentile to 75th percentile

N, is the expected number of
postimpacted years for which the value of indicator

falls within the targeted range

An overall degree of hydrological alteration for all 32 indicators
is calculated by

N

T N
N, — N,

x 100%

.
i

it

o

-_
]

L
[~

Xue etal 2017



Does Using 32 indicators, most based on
monthly or annual values, many of them
intercorrelated, calculatingthe number of
years they are within the RVA, squaringthat
result, summingthem, and dividing by 32 tell
how dams alter rivers?

[<=32 2
D= Ef ]Df
2

fhd



Hundreds of metrics
have been developed
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In an ideal world, a few overall indicators of hydrologic alteration would adequately describe the degree
of hydrologic alteration caused by various forms of river regulation. Currently over 170 hydrologic indi-
cators have been developed o describe different components of flow regimes, including the widely used
Indicators of Hydrologic Alteration (IHA) that characterize the impact of river regulation on flow regimes
in environmental flow studies. Many of these IHA indicators are intercorrelated, resulting in considerable
information redundancy, which could lead to ineffective environmental flow management decisions. The
objective of this research is to develop a small set of independent and representative hydrologic indica-
tors that can best characterize hydrologic alteration caused by reservoirs and other forms of river regu-
lation. Two sets of pre- and post-dam streamflow records are used: (1) based on artificial simulations of a
wide range of reservoir release rules and (2) streamflow records for 189 gaging stations throughout the
United States. Principal component analysis was used to address the intercorrelation among the HA
parameters. Results revealed that the recently introduced metrics termed ecodeficit and ecosurplus
can provide a good overall representation of the degree of alteration of a streamflow time series. Across
both datasets, 32 individual IHA statistics and several potential generalized indices, three indices based
on the ecodeficit and ecosurplus explained the most variability associated with the ensemble of 32 [HA
statistics.

@ 2009 Elsevier BV. All rights reserved.

SUMMARY

1. The flow regime is a primary determinant of the structure and function of aquatic and
riparian ecosystems for streams and rivers. Hydrologic alteration has impaired riverine
ecosystems on a global scale, and the pace and intensity of human development greatly



Why aren’t synchronicity (COR) or RBl amongthem?
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Most current methods to ql$a ntify
alterations underestimate river
alteration

Reliance on daily and monthly data
contribute to this
Aggregatingindicators into secondary
and tertiary indicators conceals
important results

Using percentiles and/or RVAassumes
linearity in processes and/or ignores
the importance of the years or flows
that lie outside the percentiles
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Rain and rain-snowmelt mix rivers have an
infinite number of annual flow patterns
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* Ourflow
recommendations 100
for dam releases
restoration of the
natural flow regime
itself (to the extent
possible), not the
statistical properties
underlying
unimpaired flows or
the components we -
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So What?
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So what can we do differently?

Why aren’t synchronicity (COR) or RBI among them?

Use synchronicity and
RBI to analyze
alteration and quide
future flow restoration
recommendations




So what can we do differently?

A Method to Implement Natural Flow

Regimes for Regulated Rivers
Nicholas A. Som and Seth W. Naman

43 Annual
N Salmonid Restoration Conference
Bridging the Gaps in Restoration

APRIL 28 - MAY I, 2026 REDDING, CA




Thank Youl!

* Kyle De Juilio (Yurok Tribe)
* Nick Som (USGS)
* Eric Petersen (BOR/TRRP)




Questions?

Bridging Gaps

43** Annual
Salmonid Restoration Conference
Bridging the Gaps in Restoration

APRIL 28 - MAY 1, 2026 REDDING, CA
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Between theory and implementation



Restoration Project

Hydrologic Benefits of Meadow
Restoration

2

= S

Alecia W eisman, Sam Diaz2, Kyle McN eil’
Sarah Yarnell®

South Yuba River Citizens League', Verdantas?, UC
Davis Center for W atershed Sciences3 _

alecia@ yubariver.org
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Human use as early as the late 1800’s has
ipacted Van Norden Meadow

-

sﬂm MIT VALLEY NORDEN CALLF.

Aerial Photo from 1952 showing reservoir extent, Extensive grazing from 1800's through 1970
railroad and road systems. 5



urrent Use

Meadow on USFS land, recreational
Cross Country ski trails.
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Road and Culvert impacts: concentrated flow




onifer Encroachment & Invasive Species
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I'xtensive P Project Monitoring
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I'’xpected Benelits of Restoration

Increase spring and summer inundation
Increase groundwater recharge
Attenuate peak flows

Delay Spring recession period

Improve water quality

Increase wet meadow vegetation
Increase Carbon storage

Improve habitat for avian species
Decrease conifer encroachment
Reduce invasive Reed Canary Grass

Photo Credit — Kyle McNeil - SYRCL
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Design Process

Elevation (ft)

7151.8
£889.7
68427
6805.0
6785.1
6769.6
6761.0

6717.7
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Collaborative Stakeholder Team and Public

Input Informed Restoration Designs

W ashoe Tribe

Tahoe N ational Forest

Truckee Donner Land Trust
Sugar Bowl and Royal Gorge
Soda Springs

UC Davis

University of N evada-Reno

Point Blue Conservation Science
Verdantas (cbec ecoengneering)
South Yuba River Citizens League

15



Simulated Inundation Extents at 87 cfs (15% exceedance probability)

Royal Gorge Ski Trails

Existing Conditions Inundation Extents - 28MAY2020 O 0 125 O 25 0 5 IVIiIes

Proposed Design Inundation Extents - 28MAY 2020 \ | | | \ | | | |




- Existing Condition — Lytton Creek — Lytton West
Future Condition —— Lytton Overflow === South Yuba River




Restoration Features
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2022 - Phase 1 - Restoration

Actions

Remove/degrade Relic Dam Berm

Fill 2.75 miles of South Yuba and Lytton Creek
Channels

Install BDAs and PALS in Castle Creek, Lytton
Creek and Swales

%orgplete road improvements on Cross Meadow
oa

-Remove existing bridge
-Replace with longer, higher bridge

Remove encroaching conifers and invasive reed
canary grass

Revegetate areas disturbed in implementation
process

20



Degrading Relic Dam Berm

21



Iilling Incised Stream Channels

Transect 2D

50 Year
2013
2014
2015
2017
2018
2019

= 2020

- 2021

- 2022

Depth (cm)
o
<

0 10 20
Transect distance (m)
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Beaver Dam Analogs and Post Assisted Log
Structures

24



Road Improvements

Revegetation
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@ Monitoring Wells

® Monitoring Wells with
Level Loggers

Groundwater

28
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Water

Groundwater recharge

Is groundwater staying closer to the surface later into the year?
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—~ 2067 1
= 2066+
5 20651
o

2064
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Groundwater recharge: Levelogger data

Van Norden Meadow: 07/31/2013 - 10/15/2025
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2024

2026

— CO03
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Van Norden M
@® Stream Gage

~_ Primary
Streamlines

Project Boundary

eadow Stream Gages
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Van Norden WY's 20-25 Hydrographs | YRAM (Inlet) & YRBD (Outlet)
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Van Norden WY's 2020-2025 Hydrographs | YRAM (Inlet) & YRBD (Outlet)

- YRAM —— YRBD

Before restoration
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i .
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2021 2021 2021
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600+
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Van Norden WYs 2020-2025 Hydrographs | YRAM (Inlet) & YRBD (Outlet)
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Van Norden Meadow | Spring Recession 2020-2025
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Take Aways

* |s groundwater staying closer to the surface later into the year?

Yes — especially in center of floodplain. The effect of restoration on the meadow
edae is less pronounced and influenced more by water year and forest ET.

* |s flow attenuation enhanced as a result of restoration?

Yes — but the floodplain has a max capacity. W hether the meadow can attenuate
flows depends on previous years saturation and rate and type of precipitation.

* Is the spring recession period delayed as a result of restoration?

Unclear — Seems to be driven by rate of snowmelt and restoration. More data and
more in-depth analysis needed

36
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Simulatingtelemetry studies that estimate
component mortality rates of imperiled

juvenile salmonids

Elizabeth M. Greenheck!,
Matt L. Peterson?, Tyler J. Pilger?, Matea A. Djokic?, T. Reid Nelson'

1George Mason University, Department of Environmental Science and Policy, Fairfax, VA
2FISHBIO, Chico, CA



Juvenile Mortality

* Survival of fishes during early life stages is critical for adult
recruitment
* mortality is highest duringthis time
 intrinsic and extrinsic factors affect juvenile survival

* |Important to quantify for sustainable fisheries
* imperiled species (e.g., salmonids)
* improve managementactions (e.g., restocking, restoration
actions)



How do we study juvenile mortality?

* Previous studies have estimated survival and single-source

mortality

* Novel telemetry tags can detect predation events (PDATs)

 Multistate mark-recapture models (MSMRs)+PDATs canaidin
quantifyingcomponent mortality

 Component estimates can aid in more targeted management
* e.g., assessingrestoration actions



Multistate mark-recapture models (MSMRs)
Utility of MSMRs

e expansion of CJS models
« more than two states
e flexible
* informative
 however, increased data
requirements?

Utility of simulations

* allow for development of clear
analysis plan

e wuseful in understanding
requirements for desired model
precision

Riordan et al. 2015




Objectives

1. Demonstrate the utility of multistate mark-recapture models
(MSMRs) using simulations
» states are fates (survival, predation mortality, unknown
mortality)
» calibrated spatially (fate per reach)

. . 4 + accnocec hahitatiicao AnnAd
2. Simulating multistate models the T N RS 22 A

survival of emigrating salmonids e
e states are state-fate (survival

restored area, etc.) s
* calibrated temporally (fate pe™&as




Objective 1

1. Demonstrate the utility of multistate mark-recapture models
(MSMRs) using simulations

* low vs high detection probabilities g —> =
* passive-only vs active tracking
- three- and four-states -l —> w

* addition of model covariates
* biological (length)

* environmental (temperature)
* varyingsample size (all models)

Focus on CCV salmonid populations
* can be applied to other salmonid populations and species



Obj 1: SimulatingMSMRs

Telemetry-based study designs

* Scenario A: low detection probability (p)
(passive-only; p =0.65)
* survival (S), predation mortality (P),

unknown mortality (M)

* Scenario B: high detection probability
(active & passive, p=0.90)
e S, M,P

 Scenario C: Scenario B + covariates with
high p (p=0.90)
+ M,P

* Scenario D: high detection probability
(p =0.90), added model state
« S, M, Pf, Pa




Scenarios

Obj 1: SimulatingMSMRs

Telemetry-based study designs
* Scenario A: low detection probability (p)
(passive-only; p =0.65)
* survival (S), predation mortality (P),
unknown mortality (M)

* Scenario D: high detection probability

(p =0.90), added model state
e S, M, Pf, Pa




Legend ii Avian Predation Scenarios

Dead Fish (’.\\ Acoustic Receiver
" ¢ I <= Alive Fish \_/ &Range
J L] S r u C u re OW <-?_-/<\\,<( Fish Predation ga;;cr)]gA:tenna

 columns =“reaches” o B o 2,
« rows =number of tagged individuals |l
* n=>50,100, 150, 500, 1000

SELEE Radio Tag

True estimates
+
number of tagged individuals

' Scenario

Simulated capture history

\

MSMR

* Reach 6

Simulated estimates

Model

MSMR
Low detection

MSMR
High detection

MSMR

High detection,
covariates (e.g.,

fork length)

MSMR
High detection

Reach 1

Reach 2

State Transitions &
Mortality Sources

R R

s T
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Scenario A Scenario B Scenario D

Obj 1: Overall ests °* ,
* increasingtagging effort o
may be more effective o4
than increasing detection [ <
probability N
M estimate improved with [
added state g 04 -

Cost-benefit of increased
fish taggingvs increased
receiver effort

ed

[ejo}

A =low det prob, 3-state
: : L e B =high det prob, 3-state
Plot: Median estimate distribution for all D = high det prob, 4-state

reaches; black line =true estimate Number of tagged individuals

[elV) TUU 10U JUU 1UUU




Obj 1: Overall MRE

MRE =(Simulated Estimate - True Estimate)

True Estimate

* MRE decreases as tagging
effortincreases
MRE for M with added

state wider spread under

low tagging effort

e despite smaller spread
for median estimates

Plot: Mean relative error across all scenarios
for all reaches;: MRE =0 is no error

Scenario A Scenario B
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Scenario A Scenario B Scenario D

Obj 1: Overall CV

CV = Sdestimate 51

mMeaNestimate 40
« CVdecreases as tagging [}
effortincreases _

e S haslowerCV (<20)

N
o

—
o

N
o

e unobserved state (M) has
highest CV, especially
with added state

Coefficient of Variation

—_
(6)]
L

—
o
1

(6)]
1

50 100 150 500 1000
30-

A =low det prob, 3-state 20-

B =high det prob, 3-state

Plot: Coefficient of variation across all D = high det prob, 4-state h

scenarios for all reaches Number of tagged individuals ~~



Obj 1: R-specific ests

* reach-specific median
estimates wider error under
low tagging effort
* R2-highP
* R4-highM
especially when the estimates
are low
 apparent with added state

Increasing tagging effort is
important if reach-specific
estimates are needed

Plot: Reach-specific median estimate
distributions
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Obj 1: Covariates

* median estimates matched
true relationship
* error decreased as tagging
effortincreased
* higher tagging effort A
required (n=500)

o
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Plot: True covariate relationship (black, dashed line) and
predicted median relationship (line =950, area =g2.5 and
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Objectives

2. Simulating multistate models that assess habitat use and survival

of emigratingsalmonids that use restoration areas
* main-stem versus restored
* survival benefits of usingrestored area
e survival in main-stem for non-restoration versus restoration fish
* component mortality of main-stem versus restoration
« fish predation



Model Scenario A

Obj 2: SimulatingMSMRs

Telemetry-based study designs STATES

1 = Alive (main-stem)
2 = Alive (restoration area)

Scenario A: main-stem versus restored 3 = Emigration
- , 4 = Mortality (all sources)

. State transitions monitored:

. 1 =2 1 main stem survival

. 1 = 2 transition to restoration area

. 1 = 3 main stem emigration (survival)

* 124 mainstem mortality

. 2 = 2 restoration survival

« 2 -2 3restoration emigration (survival)

2 -2 4restoration mortality

Parameters
20 days monitored
* 5-10days in main-stem
. 10-20 days in restoration area
. 10, 30, and 50% of fish transition to restored area
. 10, 30, and 50% of fish die in main-stem
. 10, 20, and 40% of fish die in restored area




Obj 2: Simulating MSMRs

Telemetry-based study designs

Scenario A: main-stem versus restored
Scenario B: survival benefits of usingrestored

area
* A +40days monitored (10-40 days in restoration area)

Model Scenario B
[T [T2 [ 79 [Tio[T20[Tag

STATES

1 = Alive (main-stem)

2 = Alive (restoration area)

3 = Alive (restoration fish back
in main stem)

4 = Emigration

5 = Mortality (all sources)

STATE TRANSITIONS




Obj 2: Simulating MSMRs

Telemetry-based study designs

Scenario A: main-stem versus restored
Scenario B: survival benefits of usingrestored

drea
* A +40days monitored (10-40 days in restoration area)
Scenario C: component mortality of main-stem

versus restoration
B +fish predation versus other mortality

Model Scenario C

[T [T2[To[Ti0[T20[Ta0 <mling
- St
b

£
STATES v
1 = Alive (main-stem) -
2 = Alive (restoration area) 4

3 = Alive (restoration fish back

in main stem)

4 = Emigration

5 = Fish predation mortality / _2 19

6 = Unknown mortality
' I -2 8
t=2-9

STATE TRANSITIONS,
o (e

i =20




Obj 2: CH structure +flow

* columns =“days”

e rows =number of individuals

* n=50,100, 150, 500

True estimates / Parameters
+
number of tagged individuals

\

Simulated capture history

\

MSMR

\

Simulated estimates

Model Scenario A

3 = Emigration
4 = Mortality (all sources)

STATE TRANSITIONS ,’I v =2-19

1->2=E_to_R «
[ =2-9
& &Z
I =2-9
1
\
\
S XS
\ =2-19 =P
\
.
.

Model Scenario B

ve (restoration fish back
n stem)
4 = Emigration
5 = Mortality (all sources)
’

STATE TRANSITIONS

Model Scenario C

e (main-stem)
Alive (restoration area)
= Alive (restoration fish back
in main stem)
= Emigration
= Fish predation mortality

.
’,
= Unknown mortality //
1 =2-8
b MSR i = t=2-9
.MS 1
) <::l-<§
\ =2-19 =
\
\
\
N
.

[RINP

4
5
6
S
1
1
1
1
2
2
2
3
3
3




Appendix S1

Model Scenario 1: Low detection probablility (only passive acoustic telemetry array);

[ ] [ ] [} [
Implications/Future directions
three-state and three-observation multistate mark-recapture model (MSMR)

* Realistic study design scenarios and

This code constructs the simulated capture histories and provides model code for a three-observation, three-state
multistate mark-recapture model. Researchers interested in simulating data should modify the below code to fit their

| I . O e C O e research needs starting at Section 1: Creating the simulation data. Researchers that have already collected empirical
data and are looking to analyze it should load their capture histories and modify the model code from Section 2:
Three-observation three-state capture-recapture model.

[ C a n be u S e d by re S O u rC e m a n a ge rS W h e n The capture history (CH) consists of reaches (columns) and individuals (rows), with each column indilra.t-il;gitzh‘zrlfzﬁg

(state) of a fish by the end of a reach (see Figure 1). The CH consists of 7 columns, including the relea
all fish are assumed alive (column 1) and reaches R1-R6 (columns 2 — 7) that represent river st es separated by
receiver gates (see Figure 1).

| . . .
e S I g n I n g p ro J e C tS T! simulations vary the number of individuals (rows) within the study to illustrate the effects of increasing sample

size on model estimates, relative error, and the coe nt of variation. In this example code, we will run models
across five sample sizes: 50, 100, 150, 500, and 1000 individuals.

* Increase the likelihood of achieving .

#
17 # periods)
18 n.reach <- 6
n

L] L] L] L] L] L]
desired precision while considering costs e P P ——
# Defining our number of individuals to be modeled
P H ind_sims <- c(50, 100, 150, 500, 1000) # our individual scenarios
a g Ve rS u S re C e IVe r e O r ra e_ O nind_sims <- as.numeric(length(ind_sims)) # the number of individual scenarios
L]
« manual tracking effort Sting up o st o
ideratio
C O n S I e ra I n S transition probabilities from each reach to the next. These transition probabilities produce the true
state of each fish, with all fish known alive at release (R1). The total number of elements in reach-specific estimates
Py I n f O r m e d d a t a C O I I e C ti O n (P, M, etc.) need to equal n.reach in length; the data setup check code will identify any misma

# Defining our number of model states
.states <- 3

Defining our estimates for predation mortality (P)

Here, P is 0 in the first reach (it cannot actually be zero in

L] L]
F u tu re d I re C tl O n S ° the model code), reach 2 has high P, P is moderate in reaches 3
Y and 5, and low in reaches 4 and 6.

<- c(le-05, 0.26, 0.05, 0.02, 0.05, 0.02) # instantaneous P, sum = 0.4

* finish Objective 2 —focus on restored areas e s e e
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