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Silent Signals: 
Assessing 

Freshwater 
Biodiversity with 

eDNA
Brooke Penaluna
Research Fish Biologist
H.J. Andrews Experimental Forest 
Lead Scientist 
PNW Research Station 
USDA Forest Service



Modified from Reid et al. 2018;



• 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 eDNA?

Short for 
environmental DNA

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
DNA 

Extraction
qPCR

    Using primer for target species
Water 

Filtration
fluorescence of a 
single amplified 
gene that can be 
quantified

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

qPCR=quantitative PCR, real-time PCR, or quantitative 
polymerase reaction=amplifies target DNA



electrofishing eDNA





Trout eDNA was detected above efishing upper-
most fish in 31 streams (52%) by 50-250m

Penaluna et al. 
2021, Ecosphere



eDNA Metabarcoding

12S
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Pothole Creek

Multigene eDNA metabarcoding has built in 
redundancy because it uses multiple primers



eDNA distinguishes species across taxon

Penaluna et al. 2023, J. of Biogeography

fish

amphibians

crayfishes
mammals

pathogens



eDNA increases taxonomic resolution

Penaluna et al. 2023, J. of Biogeography



Penaluna et al. 2023, J. of Biogeography

eDNA detects of sparsely distributed species



eDNA identifies cryptic lineages

Penaluna et al. 2023, J. of Biogeography



Genetic diversity of Coastal 
Cutthroat Trout greater in 
coastal streams

Weitemier et al. 2021, 
Molecular Ecology

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



Does habitat diversity beget biological diversity? 



Prior to floodplain river restoration

Flitcroft et al. 2022, Frontiers in Environmental Science



More species/taxon post-restoration

Flitcroft et al. 2022, Frontiers in Environmental Science



What is the relationship of 
freshwater biodiversity to 
watershed stand age? 

Penaluna et al. 2026, Biological Conservation



Higher richness in watersheds with older forests

Penaluna et al. 2026, Biological Conservation



What is the freshwater 
biodiversity response to 
fire? 

Is there a change in 
structure or composition? 



Fish and amphibian richness was unaffected by fire, 
but there were changes in composition following fire

Swartz et al. 2025; Hauck et al. under review



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



Contact information:
Brooke Penaluna, PhD
PNW Research Station
Brooke.penaluna@usda.gov

Questions?



Hybridization of Coastal Cutthroat Trout at 
the Southern Tip of Their Range

Sam Rizza – TRIB Research



TRIB Research

● Farming, community events, and 

fisheries research nonprofit

● Conservation genomics 



TRIB Research

● Farming, community events, and 

fisheries research nonprofit

● Conservation genomics 

● “Shadow organization”



The Fishes Oncorhynchus mykiss irideus

● Natural hybridization between sympatric species

● Temporal and spatial isolation in spawning

● Physical characteristics

Coastal Cutthroat Trout (Oncorhynchus clarki)

Steelhead/Rainbow trout (Oncorhynchus mykiss)



Photo credit: Vimal Golding

Coastal Cutthroat Trout Character(istics) 

● Confidence is high
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Photo credit: Vimal Golding

Coastal Cutthroat Trout Character(istics) 

● Confidence is high

● Go it alone attitude

● Sensitive

● Love of science



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

a. Where are F1s (first-generation hybrids) detected?
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d. Do hybridization rates change over time?



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



Oncorhynchus mykiss irideus

● Sneak-mating strategy by CCT males

Photo credit: Bob Pagliuco

General Patterns of Hybridization



Oncorhynchus mykiss irideus

Photo credit: Bob Pagliuco

● Sneak-mating strategy by CCT males

General Patterns of Hybridization



Oncorhynchus mykiss irideus

Photo credit: Bob Pagliuco

● Sneak-mating strategy by CCT males

● Limited hybridization

General Patterns of Hybridization



Oncorhynchus mykiss irideus

Photo credit: Bob Pagliuco

● Sneak-mating strategy by CCT males

● Limited hybridization

● Hotspots of increased hybridization

General Patterns of Hybridization



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?

c. Do hybridization rates vary geographically?

d. Do hybridization rates change over time?



F1 Hybrid Detection

● Outmigrant traps and 

estuary sites

● F1 hybrids tend to 

outmigrate

F1 or F2

Backcross to 
SH

Backcross to 
CCT

Adm
ixture proportion
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Hybridization and Barriers

● Manmade barriers

Adm
ixture proportion

Individual



Hybridization and Barriers

● Manmade barriers
● Historic stocking

“The Humboldt association will receive 150,000 cut-

throat trout from the United States Bureau of Fisheries 

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

● Manmade barriers
● Historic stocking

“The Humboldt association will receive 150,000 cut-

throat trout from the United States Bureau of Fisheries 

station in Yellowstone Park this summer.”  (1924)

● Partial natural barrier
● Pure populations of CCT

Adm
ixture proportion

Individual



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?

c. Do hybridization rates vary geographically?

d. Do hybridization rates change over time?



Geographical Gradient of Hybrids

N



Geographical Gradient of Hybrids

● Sampling bias

N



Geographical Gradient of Hybrids

● Sampling bias
● Genomic incompatibilities

N



N

Geographical Gradient of Hybrids

● Sampling bias
● Genomic incompatibilities
● Differential survival of hybrids



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?

c. Do hybridization rates vary geographically?

d. Do hybridization rates change over time?



Hybridization over time 

● Three lower Klamath 
tributaries

● Two years of screw trap data
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Hybridization over time 

● Three lower Klamath 
tributaries

● Two years of screw trap data
● Amount of hybridization 

similar
● Annual difference in hybrid 

type
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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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The Salmon Data 
Discovery Tool
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Data
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The salmon data conundrum..25+ years of Pacific salmon 
data and products

● Where to find the data 
● Where to house the data products 
● Different types of products are stored in different places

Sal
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 

Sal
A Salmon Data Partnership



Sal
A Salmon Data Partnership

Geographic and Ecological Scope
West Coast of North America waters with Pacific salmon
● Freshwater
● Nearshore/ Estuary
● Off-Shore Ocean

Species/ Environmental indicators
● prey/predator/competitor species
● ecosystem indicators
● habitat metrics



Sal
A Salmon Data Partnership

Product Types and Users

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

Contributors- Anyone!

User - Anyone! 

Documents

Data Sets

Spatial Layers

GitHub Code



Sal
A Salmon Data Partnership



Sal
A Salmon Data Partnership

Browse pre-filtered data, 
relating to reports, published 
documents and more



Sal
A Salmon Data Partnership



Sal
A Salmon Data Partnership



Sal
A Salmon Data Partnership

LINKING DATA WITH DOCUMENTS

Report

Abundance Data

Spatial Layers

GitHub Code



Sal
A Salmon Data Partnership

Ways to Search - Filters 



Sal
A Salmon Data Partnership

More Ways to Search

Location



Sal
A Salmon Data Partnership

Search: California



Sal
A Salmon Data Partnership

Data Upload - Create Login



Sal
A Salmon Data Partnership

Data Upload - Content 
Description



Sal
A Salmon Data Partnership

Roles



Sal
A Salmon Data Partnership

Data 
Upload -
Citation



Sal
A Salmon Data Partnership

● Files
● Location



Sal
A Salmon Data Partnership



Sal
A Salmon Data Partnership

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:



SALMON DATA DISCOVERY TOOL
Making Salmon Science Accessible—One Repository, Infinite Insights

LINKING DATA WITH DOCUMENTS
Advanced Search
Search options include  
keyword search bar, 
sidebar filters for refining
results, and file type 
selection to help
users efficiently find 
relevant data

Location Explorer
The Location Explorer enables 
geographic 
data exploration by assigning 
spatial areas 
to data and documents. Datasets 
can appear 
at multiple map locations, 
facilitating 
comprehensive spatial searches.

DATA SEARCH OPTIONS

• Data contributors can edit their content at any time, and those edits are tracked and publicly visible
• Multiple versions of data can be uploaded under the same title (e.g., time series or yearly water quality)
• Multiple collaborators can be invited to edit a dataset  
• File uploads are limited to 2GB to ensure reasonable download times

• Only non-sensitive data can be submitted
• Contributors must have permissions from all partners, and are responsible for data accuracy and ethical data standards
• Submissions require complete data documentation and proper citation to promote transparency and reusability
• Users can report errors or issues with any published dataset

Data
Management

Quality Control

email: SDDT@psmfc.org

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

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! 

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

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

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

PSMFC & NOAA TEAM
Monica Diaz, Nancy Leonard, Gabe Smit, 
Greg Wilke, Greg Williams, Mari Williams,

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

Report

Abundance Data

Spatial Layers

GitHub Code



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

A Salmon Data Partnership

https://sddt.psmfc.org/


The Importance of Flow Variation for 
Regulated Rivers

Seth W. Naman



Bridging Gaps

Between science 
and implementation



Is 15 minutes Instantaneous?



Inspiration

Lewis Fry 
Richardson

Wikipedia 
C ommons

Benoit Mandelbrot



Coastline Paradox

• First described by Lewis 
Fry Richardson and then 
by Benoit Mandelbrot

• As measurement length 
decreases,  measured 
distance increases

• C oastlines have fractal-
like properties,  
especially rocky 
coastlines

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

Blakemore 2018 and Wikipedia



Coastline Paradox

• Has not been 
disproven

• But authors have 
shown there are 
practical limits

• E.g. water molecule 
size and minimum 
measurement 
increment



McNamara and Vieira da Silva 2023

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

SRASB 2019, 
wet



Some Terms

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚

�𝑞𝑞𝑎𝑎

1. Richardson-Baker Flashiness 
Index (RBI)

2. Baseflow Index (BFI;  low flow 
ratio)

3. Synchronicity (C OR)

RBI and BFI are dimensionless



Gannon et al.  2022

• High 
flashiness-
desert 
southwest RBI ~ 
1.5

• Moderately 
flashy-N. CA 
RBI ~0.15

• Low flashiness-
intermountain 
west,  Midwest 
RBI~ 0.01



Relationship Between RBI and BFI

• Groundwater 
dominated 
streams are less 
flashy than rain 
or rain-snow mix 
dominated 
streams 

Mayer and Naman 2011



Relationship Between RBI and BFI

Jeongho et al 2018

• Strong negative 
relationship

• As BFI 
increases, RBI 
decreases



Baker et al 2004

RBI at multiple timescales
Pathlength Ratio

• Streams with smaller basins are more flashy than larger 
ones, so time measurement interval matters more



RBI at multiple timescales
Salmon River at Somes Bar Example

2021, critically dry 2019, wet



RBI at multiple timescales
Salmon River at Somes Bar Example

Year Water Year Type RBI 15 min RBI daily Ratio (15 min RBI/daily RBI)

2017 Extremely Wet 0.961 0.189 5.08
2018 C ritically Dry 0.758 0.153 4.95
2019 Wet 0.997 0.181 5.51
2020 C ritically Dry 0.629 0.148 4.25
2021 C ritically Dry 0.564 0.150 3.76



Storage Reservoirs Increase BFI, decrease 
RBI

Som and Naman 2026



Som and Naman 2026

• 65% decrease in RBI 
using daily flows. 

• More like 90% with 15 
minute data

TRAL 1912-2003
Black line is  Trinity Dam



Why Does RBI matter as  a metric for regulated 
rivers?

https://tpcovino.github.io/Git_home/hydrology/6_geomorph/6_geomorph.html

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

few

Petersen, 
2026



• 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?

Are we underestimating alteration caused by 
dams?



Synchronicity
(as measured by correlation)



Synchronicity

Berghuijs  et al 2019



Synchronicity

• The same is  true 
in C alifornia



Synchronicity

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

• Dams disrupt 
this



Sturrock et al 2020

• “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

Why Does Synchronicity matter?



Buxton 2021

Why Does Synchronicity matter?



Indicators of Hydrologic Alteration (IHA)

Range of Variability Approach (RVA) 

Degree of Alteration (DOA)



Baker et al 2004

• 32 metrics 
commonly used to 
assess flow 
alteration by dams

• Significant trends 
were present more 
often in RBI than in 
any of the IHA 
parameters for 100 
selected streams

What are the Indicators of Hydrologic 
Alteration (IHA)?



Indicators of Hydrologic Alteration (IHA)

• Problem: 
Intercorrelation of IHA 
metrics 



Indicators of Hydrologic Alteration (IHA)

• Problem: equal 
weighting of 
metrics

• Authors have 
recommended 
weighting of IHA 
metrics



Range of Variability Approach (RVA) 

• RVA targets at 25th and 
75th percentiles:  
management goal is  to 
maintain max 1-day 
flood within range 50% 
of years 

• Does RVA imply that 
river flow outside of the 
25th and 75th percentiles 
are bad?

• RVA is  not written this  
way, but does it 
contribute to us 
managing to the 
median?

Richter et al 1998



Degree of Alteration (DOA)

No 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

Ne is  the expected number of
post impacted years for which the value of indicator 
falls  within the targeted range

Xue et al 2017

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



Does Using 32 indicators, most based on 
monthly or annual values, many of them 

intercorrelated, calculating the number of 
years they are within the RVA, squaring that 

result, summing them, and dividing by 32 tell 
how dams alter rivers? 



Hundreds of metrics 
have been developed 



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



• Most current methods to quantify 
alterations underestimate river 
alteration

• Reliance on daily and monthly data 
contribute to this

• Aggregating indicators into secondary 
and tertiary indicators conceals  
important results

• Using percentiles and/or RVA assumes 
linearity in processes and/or ignores 
the importance of the years or flows 
that lie outside the percentiles 

C onclusion
s



Rain and rain-snowmelt mix rivers have an 
infinite number of annual flow patterns



• If flow 
restoration 
does not 
restore all 
flow patterns, 
important 
ecological 
processes will 
suffer



• Our flow 
recommendations 
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 
like to group them 
into



So What?



So what can we do differently?

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



So what can we do differently?



Thank You!

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



Bridging Gaps

Between theory and implementation

Questions?



Van Norden Meadow 
Restoration Project 

Hydrologic Benefits of Meadow
Restoration

Alecia W eisman1, Sam Diaz2, Kyle McNeil1
Sarah Yarnell3

South Yuba River Citizens League1, Verdantas2, UC 
Davis Center for W atershed Sciences3

alecia@ yubariver.org

mailto:alecia@yubariver.org


Outline

• Historic and Landscape Context
• Assessment and Monitoring 
• Design Approach
• Implementation Actions
• O utcomes and Results

2



3



4
Eyster 2018



Human use as early as the late 1800’s has 
impacted Van Norden Meadow

5

Aerial Photo from 1952 showing reservoir extent, 
railroad and road systems.

Extensive grazing from 1800’s through 1970



Current Use

Meadow on USFS land, recreational use in both summer and winter with easement held by Royal Gorge for 
Cross Country ski trails.

6



Outline

• Historic and Landscape Context
• Assessment and Monitoring 
• Design Approach
• Implementation Actions
• O utcomes and Results

7



Severe Incision in the South Yuba, Lytton and 
Castle Creeks

8



Road and Culvert impacts: concentrated flow

9



Conifer Encroachment & Invasive Species

10



Extensive Pre and Post Project Monitoring

11



Expected Benefits of Restoration

12

• 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



Outline

• Historic and Landscape Context
• Assessment and Monitoring 
• Design Approach
• Implementation Actions
• O utcomes and Results

13



Design Process

14



Collaborative Stakeholder Team and Public 
Input Informed Restoration Designs 

• W ashoe Tribe 
• Tahoe National Forest
• Truckee Donner Land Trust
• Sugar Bowl and Royal Gorge
• Soda Springs
• UC Davis
• University of Nevada-Reno
• Point Blue Conservation Science 
• Verdantas (cbec ecoengineering)
• South Yuba River Citizens League

15



16

Floodplain Connection at low flows



17



Restoration Features

18

• Relic dam removal
• Full channel fill
• Intermittent fill
• Tree removal and thinning
• Reed canary grass removal
• BDAs
• Expanded bridge
• Level-graded road
• W ood and willow roughness features
• Revegetation



Outline

• Historic and Landscape Context
• Assessment and Monitoring 
• Design Approach
• Implementation Actions
• O utcomes and Results

19



2022 - Phase 1 - Restoration 
Actions 

20

• 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
• Complete road improvements on Cross Meadow 

Road
   -Remove existing bridge
   -Replace with longer, higher bridge
• Remove encroaching conifers and invasive reed 

canary grass
• Revegetate areas disturbed in implementation 

process



Degrading Relic Dam Berm

21



Filling Incised Stream Channels
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Beaver Dam Analogs and Post Assisted Log 
Structures
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Road Improvements

25

Revegetation



Outline

• Historic and Landscape Context
• Assessment and Monitoring 
• Design Approach
• Implementation Actions
• O utcomes and Results

26



Groundwater
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Groundwater recharge
Is groundwater staying closer to the surface later into the year?

29



Groundwater recharge: Levelogger data 
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Streamflow
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Streamflow
Is flow attenuation enhanced as a result of restoration?
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Before restoration

After restoration
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Before restoration

After restoration



Streamflow

35

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



Take Aways

• Is groundwater staying closer to the surface later into the year?
 Yes – especially in center of floodplain. The effect of restoration on the meadow 
edge is less pronounced and influenced more by water year and forest ET.

• Is 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



Thank You to our Funders
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Juvenile Mortality
• Survival of fishes during early life stages is  critical for adult 

recruitment
• mortality is  highest during this  time
• intrinsic and extrinsic factors affect juvenile survival

• Important to quantify for sustainable fisheries
• imperiled species (e.g.,  salmonids)
• improve management actions (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 can aid in 

quantifying component mortality
• C omponent estimates can aid in more targeted management

• e.g.,  assessing restoration actions



Multistate mark-recapture models (MSMRs)
Utility of MSMRs
• expansion of CJS models
• more than two states
• flexible
• informative

• however, increased data 
requirements?

Utility of s imulations
• allow for development of clear 

analysis  plan
• useful 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)

2. Simulating multistate models that assess habitat use and 
survival of emigrating salmonids that use restoration areas
• states are state-fate (survival in main-stem, survival in 

restored area, etc.)
• calibrated temporally (fate per day)

?Reach 1 Reach 2 Reach 3 Reach 3

Fish1 1 3 1 1

Fish2 1 2 2 2

Fish3 1 3 3 3



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

• low vs high detection probabilities
• passive-only vs active tracking

• three- and four-states
• addition of model covariates

• biological (length)
• environmental (temperature)

• varying sample size (all models)

Focus on C CV salmonid populations
• can be applied to other salmonid populations and species



Obj 1: Simulating MSMRs
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)
• 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 



Obj 1: Simulating MSMRs
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)
• adding high P scenario

• Scenario C : Scenario B + covariates with 
high p (p=0.90)
• adding low p scenario

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



Obj 1: CH structure + flow
• columns = “reaches”
• rows = number of tagged individuals

• n = 50, 100, 150, 500, 1000

True estimates
+

number of tagged individuals

Simulated capture history

MSMR

Simulated estimates



Obj 1: Overall ests
• increasing tagging effort 

may be more effective 
than increasing detection 
probability 

• M estimate improved with 
added state

C os t-benefit of increas ed 
fis h tagging vs  increas ed 
receiver effort

Plot:  Median estimate distribution for all 
reaches; black line = true estimate

50     100    150    500   1000 50     100    150    500   1000

50     100    150    500   1000

A = low det prob, 3-state
B = high det prob, 3-state
D = high det prob, 4-state



Obj 1: Overall MRE
MRE = (Simulated Estimate - True Estimate)       

 True Estimate

• MRE decreases as tagging 
effort increases

• MRE for M with added 
state wider spread under 
low tagging effort
• despite smaller spread 

for median estimates

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

50     100    150    500   1000 50     100    150    500   1000

50     100    150    500   1000

A = low det prob, 3-state
B = high det prob, 3-state
D = high det prob, 4-state



Obj 1: Overall CV
CV = sdestimate

meanestimate
 

• CV decreases as tagging 
effort increases

• S has lower CV  (< 20)
• unobserved state (M) has 

highest CV, especially 
with added state

Plot:  C oefficient of variation across all 
scenarios for all reaches 50     100    150    500   1000

50     100    150    500   100050     100    150    500   1000

A = low det prob, 3-state
B = high det prob, 3-state
D = high det prob, 4-state



Obj 1:  R-specific ests

Plot:  Reach-specific median estimate 
distributions

• reach-specific median 
estimates wider error under 
low tagging effort
• R2 – high P
• R4 – high M

• especially when the estimates 
are low
• apparent with added state

Increas ing tagging effort is  
important if reach-s pecific  
es timates  are needed

A = low det prob, 3-state
B = high det prob, 3-state
D = high det prob, 4-state



Obj 1: Covariates
• median estimates matched 

true relationship
• error decreased as tagging 

effort increased
• higher tagging effort 

required (n≥500)

Plot:  True covariate relationship (black, dashed line) and 
predicted median relationship (line = q50, area = q2.5 and 
q97.5) across all tagging efforts.



Objectives
2. Simulating multistate models that assess habitat use and survival 
of emigrating salmonids that use restoration areas

• main-stem versus restored
• survival benefits  of using restored area

• survival in main-stem for non-restoration versus restoration fish
• component mortality of main-stem versus restoration

• fish predation



Obj 2: Simulating MSMRs
Telemetry-based study designs

Scenario A: main-stem versus restored
• State transitions monitored:

• 1  1 main stem survival
• 1  2 transition to restoration area
• 1  3  main stem emigration (survival)
• 1  4  main stem mortality 
• 2  2 restoration survival
• 2  3 restoration emigration (survival)
• 2  4 restoration mortality 

Parameters
• 20 days monitored

• 5-10 days 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 using restored 

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



Obj 2: Simulating MSMRs
Telemetry-based study designs
• Scenario A: main-stem versus restored
• Scenario B: survival benefits  of using restored 

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

• Scenario C : component mortality of main-stem 
versus restoration
• B + fish predation versus other mortality



Obj 2: CH structure + flow
• columns = “days”
• rows = number of individuals

• n = 50, 100, 150, 500

True estimates / Parameters
+

number of tagged individuals

Simulated capture history

MSMR

Simulated estimates



Implications/Future directions
• Realistic study design scenarios and 

model code 
• C an be used by resource managers when 

designing projects
• Increase the likelihood of achieving 

desired precision while considering costs 
• tag versus receiver effort trade-off
• manual tracking effort 

considerations
• Informed data collection 

Future directions:
• finish Objective 2 – focus on restored areas
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