Life-cycle Modeling to Inform Conservation, Restoration,
and Recovery Planning

A Concurrent Session at the 34th Annual Salmonid Restoration Conference held
in Fortuna, CA from April 6-9, 2016.



Session Overview

n S eSSi on C o ordinat ors: Life-cycle modeling can inform and provide context
at landscape scales to address salmon and steelhead
11 conservation and restoration decisions. Having an
m Thomas Williams, NMFS g

appropriately designed and spatially relevant life-

Southwest Fisheries Science cycle model provides a tool to evaluate impacts or

options of various conservation, restoration, and

Center recovery decisions including habitat loss or
. modification, discharge, water temperature, etc. This
m Brian Cluer, NMFS West session will feature presentations that will illustrate

how life-cycle models can provide context and
understanding of impacts resulting from actions or
modifications on ecological processes beyond site-
specific or life-stage specific evaluations.

Coast Region



Presentations

(Slide 4) The Right Side Channel, at the Right Time: Using Life-cycle Analysis and
Interdisciplinary Design to Build Resilient Side-channels on the Clackamas River
John Esler, Portland General Electric

(Slide 53) Coho Life History Modeling in Coastal Northern California
Gabe Scheer, Humboldt State University

(Slide 80) Illuminating Population Consequences of Disparate Survival and Behavior
between Hatchery- and Wild-origin Chinook salmon: the Role of Salmon Life-cycle
Models

Michael Beakes, Ph.D., NMFS Southwest Fisheries Science Center

(Slide 122) Synergistic Benefits: Coupling Salmon Life-Cycle Monitoring and Population
Models in Context
Joshua Strange, Stillwater Sciences

(Slide 171) The Black Box for Salmon Survival: Changing Perspectives on Marine
Survival and Implications for Life-cycle Models
Cyril Michel, Ph.D., UCSC/NMFS-SWFSC

(Slide 225) Incorporating Life-history Diversity into Estimates of Skagit River Chinook
Salmon Production
Corey Phillis, Ph.D., NOAA Fisheries contractor—Ocean Associates, Inc.







The Reluctant Side
Channel
Developer

e Relicensing PGE’s
Clackamas River project

Need to mitigate for Temp

Life cycle modeling

Side channel site selection

Milo Mclver State Park side
channel project






"I have been on all the rivers and tributaries of the Columbia from the
Cascades to Priest’s Rapids, to which the Chinook salmon go ... and | do not
hesitate to say that the Clackamas River, with its clear, cold water, its rapids,
and its long, shallow gravel beds, is the most natural and favorite region for

salmon spawning.”
Commissioner Barin (U.S. Bureau of Fisheries- 1877)









CLACKAMAS HYDROELECTRIC PROJECT (130 MW)

Clackamas Hydro Features: PGE Clackamas Hydro Project
e 3 Dam Complex River Miles 22.3 —31.7

e Low Head Dams (85-145') /

* “Run of River” Projects

Anadromous Fish Species:
Spring Chinook
Coho
Winter Steelhead

Pacific Lamprey
Fall Chinook
Summer Steelhead
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Clackamas License

e Fish protection and enhancement
e Downstream passage 97%
* Improved upstream passage
 Improved diversion flows
Terrestrial resource and vegetation
management
* Native plant re-vegetation
* |nvasive plant treatment
* Recreation Management
WQ Manhagement
e Blue Green Algae
e Total Dissolved Gas
e Temperature
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Clackamas Subbasin

(Willamette Basin TMDL)

TMDL defines the amount of a pollutant that can be
present without causing water quality criteria to be
exceeded.
The most sensitive beneficial uses to temperature in the
Clackamas Subbasin are:

e Salmonid spawning and rearing
Willamette Basin TMDL required a temperature
management plan from PGE as part of the WQ
certification for the Clackamas River Project.
CE-Qual-W2 modeled impact from PGE operations <2 F



* 30 miles of riparian revegetation to enhance stream shade and

lower water temperatures
e Stream reaches with less than 70% riparian cover

e Landowner outreach, invasive species removal, native plantings
and maintenance
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e 250,335 plants

* 16.53 miles

e 92 tax lots

* Longest site: 2.61 miles
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Channelize Faraday Lake

e Construct a 109-foot-wide channel through Faraday Lake.

* The channelization separates a cooler, faster moving channel of
water from the slower moving portion of the lake

e Reduces the residence time and decreasing the amount of
warming to the water as it passes through the lake.

e Lake drawdown of two feet implemented July 1 — September
30" to channel the flows entering the reservoir.
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Channelize Faraday Lake



Gravel Augmentation

* Introduce coarse sediment to the river below our dam
e Up to 24,000 yd3® annually subject to revision
e Material mobilizes from shore line in high-flow events

e Reverses channel changes caused by coarsening of bed load
material

e But also could have value in reducing peak summer river

temperatures
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Gravel Augmentation

Temp Surface flow

Dampened temperature

Hyporheic flow

Time
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Gravel Augmentation

Proposed location: right bank
bedrock shelf, approx. 850 ft
downstream of River Mill Dam

McBain
S& Trush -
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Freshwater

Life Cycle Model

e Cramer Fish Sciences (CFS) developed a freshwater life-
cycle model to predict the impacts of thermal effects of
PGE facilities on salmonids in the lower Clackamas River.

e The model was used to determine differences in
salmonid production in the lower Clackamas River
under various temperature regimes.

e Temperature affects production via two mechanisms;

e areduction in habitat suitability (summer rearing)
 and growth affecting winter survival.
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Freshwater

Life Cycle Model

The model predicted a 13-15% reduction in juvenile
production within the project area. (.1-.5% basin)
Absolute losses in salmonid smolt production ranged
from 3,100 to 4,200 annually.

Model examined the mitigation value of increasing side
channel habitat based on Phil Roni’s work on the
Klamath.

Side channels have been found to be resistant to
warming through a buffering effect that occurs from
groundwater via intra-gravel seepage.



Why Side Channels?

e The density of juvenile salmonids in the
summer in PGE’s first constructed side channel
averaged 0.220 fish/m?.

e The relative density in a one mile segment of
the mainstem Clackamas near the channel was
0.003 fish/m?.

* Young salmon were found to be actively rearing
in floodplain habitat, and achieving high growth
rates due to the high levels of available prey.
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Geomorphic Site

Evaluation

e Gradient, Substrate

e Large Wood Cover
Opportunity

e Access, Ownership

e Relative excavation
volumes

* Priority for Chinook
and Steelhead
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VORTEX |

e “A Biodegradable
Festival of Life”

e Summer 1970 in
Milo Mclver Park

e 105,000 folks over
the last weekend of
August.




25

VORTEX |

 Held to prevent
violent protests
during an American
Legion convention.

e Richard Nixon
cancelled his
Portland visit
because of Vortex |




26

VORTEX |

e Governor McCall
recounted: “

* |t remains the only
state-sponsored rock
festival in United
States history




Please be careful: No RBVIESVEVY:
trespassing. Project Goals

Develop habitats for

juvenile Steelhead &
habitat near Milo Mclver Park. Chinook

We’re working to enhance salmon

Year round flows
Encourage hyporheic

Heavy equipment is Iin use — please

flows

Large woody debris
and boulder cover

Minimize excavation
volumes

20-year lifespan
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Milo Mclver
Project Area

e Pre-1996 Flood
e Post-1996 Flood
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Hydraulic modeling was used
as a tool to design proposed
channel.

Matched life cycle model
limiting factors for

target species (from Cramer -
e.g. riffle/pool habitat)

Milo Mclver
Project Area
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Primary design concerns are
high flow stability and low flow
habitat conditions.

Because of calibration, model
could predict water surfaces
for discharges where we didn't
have surveyed observations
(like 2015 super low flows)

Milo Mclver
Project Area




e For groundwater channel, Milo Mclver
gallery channel desigh was Project Area
based on our estimate of
deliverable water.

e These were derived from
groundwater pump tests
and available slope.

e Groundwater channel
utilization, as expected,
dominated by age 1+ Coho.
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Pump Test

] o ol e

Initial Water Surface Elev. = 1638.2 ft
Purnp Test #1
stable ws elev = 1637.7 ft
drawdown = 0.5ft
volume = 32 gal
ave fill time = 16.0 sec
Furnp Q1= 2.0 gal's
= 120.0  galfrmin
= 0.27 cfs
Fit Infiltration g = 0.27 cfs
Fit Irfiltration Length = 211t
o/t = 0.01 | cfe/ft

pit infilteation

= 5.7 gpm/ft  for perf pipe design

18| Conceptual gallery = 200 ft TESTRIT

19| Q= 2.5 ofs for conveyance design

0
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22 |Gallery

23]

24| Perf Pipe Design

25| min gfft = 5.7 gpmAt

|

27 |From sediment characteristics: 4% of GSD < 1 mm

28| assume D10 of aguifer sediment = 1 mm

29| = 0.039in

30| slot size = 01 in A B E F G

31| 1 |Circular Pipe Flow

32 |Slotted PYC well screen (Cetainteed) 2 Diameter (ft_in) 133 15 oD = in

33 16" SDR2ZE with Certa-Lok, 0.100" slot width 3 Slope 000154 thickness = in

34 pipe dia = 18 in 4 Manning's M 001z D=

E:l 5 Depth theta A T Q Y

36 | Design Q 6 0.07 0.90 0.03 0.60 0.50 0.02 0.59

7] glots open area = 1331 sqrint 7 013 1.29 0.07 0.86 0.60 0.07 0.92

38| blockage factor = 50% [} 0.20 159 013 1.06 0.9 0.16 1.19

9| flow rating = 20.6 gpmft > 57 ok 9 027 1.5 0.20 .24 1.07 0.28 142

40 gallery length = 200 10 033 2.09 0.7 1.40 115 0.44 1.62

Eill g= M26.1 gpm 11 0.40 232 035 165 122 .63 1.79

42 =| 247585 |gps 12 047 253 D44 169 197 0.85 194

43 = 9.2 cfs per lateral |(check that pipe cay3 EE] 574 052 163 T 1.08 7.08

44 < 279 ok 14 060 254 061 106 133 134 2.20

45 nurnber of laterals = 1 15 067 314 070 208 1.33 1.61 231

5| total @ = 3.2 2= 16 073 334 079 273 133 1.89 2.40

47 17 0a0 350 0ar 236 131 2.16 247
18 067 3.75 0.96 250 127 244 2.53
19 093 3.96 104 264 122 2.70 2.58
20 1.00 219 112 273 115 2.94 2.61
21 1.07 443 1.20 295 1.07 3.15 2.63
p7] 113 P 126 313 085 332 2.62
pE] 120 5100 132 EER] 0.80 343 2.59
24 127 538 137 353 053 3.46 2.52
25 133 5.28 1.40 113 0.00 3.22 2.31]Full
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Takle 1. LPIII Peak Discharge Estdmates

Flow Event | Discharge (cfs)
Low flow 701

0% exg 823

l-yvear 7405

Z-year 27,619

S-vear 41,309

10-year 50,232

23-vear 61,213

H-year 69,144

100-vear

Discharge (cfs) | Water Surface Elev. at Inlet

River Discharge (cfs) South Side Channel Mobile sediment size
Discharge (cfs) (in)
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NEW YORK DISTRICT

e Hoosic River Restoration
e Section 1135
e Developed designs

e 2D hydraulic model
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Perennial Channel

Upper

Upper half was a flood
channel exhibiting
evidence of recent
scouring flows

Large inlet logjam
constructed to preserve
the grade of 1,900 ft

channel

Upper section re-
graded with riffles and
pools
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Perennial Channel
Lower

e Lower half deep pool
habitat and scoured
mudstone.

Channel narrowed at
top from 80 to 30 feet

to reduce open water
temperature effects.

Large logs buried in
channel margin
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Groundwater
Channel

e Historic high flow
flood channel

e Constructed using
slotted PVC pipes to

capture hyporheic
flow that is moving
through gravel bars.
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Groundwater
Channel

* These pipes were
buried at a depth
and angle to convey
flows into the open

channel.

 The mature riparian
habitat along 700
ft. open channel
will provide a
recruitment source
and provide shade




o Establish baseline
conditions of the

habitat at Mclver Site

e Provide repeatable

protocol for future

monitoring efforts
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Groundwater Channel

e 700 feet (0.13 mi) long

e Pools = 63% riffles = 28.5%
Glides = remaining 8.5%

* Six pools total

e Maximum pool depth was 3.3 feet
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Groundwater Channel

* Overstory:

—33% large trees (DBH 21-31.9 in)
—67% small trees (DBH of 9 —20.9 in)
e Understory:

—89% shrub/seedlings (DBH 1-4.9 in.
—11% grasses and forbs

* LWD:

—43 total number of pieces added

—Rate of 346/mile (large and med)
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Groundwater Channel

* Flows

—Lowest (8/12/2015)
less than 3 cfs.

* Gravel

—Upstream pebble
count D50 =53 mm
(very coarse gravel)

—Downstream D50 =13
mm (medium-sized
gravel)
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Perennial Channel

e 1900 feet (0.36 mi) long

e Pools = 71%; Riffles = 11% , Glides = 7%,
One marsh =11%

 Eight pools total

e Maximum pool depth = 7 feet

45

Habitat Perennial
Unit Type Channel (m?)
Pool 4107.6
Riffle 617.0
Glide 417.8
Marsh 640.9
Total 5783.3




Perennial Channel

e Qverstory:
— 73% small tree
— 20% large tree

— 7% sapling/pole size class

e Understory:
— 53% shrub/seedling
— 33% sapling/pole

— 7% grasses (7% no vegetation)

e LWD:
— 133 pieces added

— Rate of 372/mile (large and medium)
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Perennial Channel

e Upstream pebble count D50 =126
mm (small cobble)

e Downstream D50 = 83 mm (small
cobble)

* Flow in the perennial channel was
approximately 15 cfs (08/12/2015)

e For comparison — December 2015
floods, approx. 4000 cfs in channel

a7



[ Year lpae | Discharge(cfs) Nearest Recurrence Interval
2014 Dec. 21, 2014 23,100* <Q2 (Q2 =27,670)

2015 Dec. 8, 2015 32,000* >Q2 (Q2 = 27,670)




Temperatures

e Perennial Channel:
—Summer and Fall: daily temperature fluctuations
—lowest temperatures in early morning

—As vegetation grows, likely see cooler channel temperatures

e Groundwater Channel:
—less daily fluctuation
—Summer: cooler than perennial channel during the daytime

—Winter: channel generally warmer than perennial channel
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Temperatures

PR Milo Mclver @ Location of Hobo Data Loggers
Data Logger Locations Side Channel Outlines




Temperatures
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Gabe Scheer
Humboldt State University



Northern California Life Cycle Monitoring Stations

/
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Freshwater Creek Life Cycle Monitoring Station

Area: 92 km?2 Anadromous habitat: 14.5 km
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Freshwater Creek Life Cycle Monitoring Station

/

Permanent weir located near upper extent of tidally influenced habitat
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Freshwater Creek Life Cycle Monitoring Station

Antennas located throughout the basin and in wood creek marsh in the
stream estuary ecotone
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Parr

Spawning Adults

OW Freshwater

Smolts

Adults
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Parr

Spawning Adults

OW Freshwater

Early Emigrants

Smolts

Adults
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OW Freshwater

Early Emigrants

Parr
Fry Parr
Parr
Fry

Spawning Adults

2yr FW
Residents

2yr FW
Residents

Smolts

Early Ocean

Adults
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Parr

Spawning Adults

OW Freshwater

Early Emigrants

Smolts

Adults




62

Early Emigrants

Missed by spring migrant trapping

Early emigrants account for 2-29%
of fall tagged fish (2010-2015)

Many rear in the estuary and
associated tidally influenced habitat



1. Build a sta"’*es structurethp quletmh-maodel for
Freshwater Cre% CA \-.h. \ W L e

g >’ - A \
2. Quantify early emlgratlon confrlmgj;lon to population--
dynamics - LA " _

..

3. ldentify |imiting _stag,es ik T
o 3
~ - ‘* \ .

4. Quantlfy _propulatlon response to alternative restoration
scenarlos e

/V ‘J g
Sio 7 ., ”

.
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Basic Model Framework

Modified Leslie matrix design

Parameterized to reach-scale
resolution

6 reaches and estuary included

Beverton-holt functions
* Used to model parameters
associated with:
» Habitat capacity
e Productivity (survival)

N
(1) NS+1 = 1 > 1
+ N
Ps—s+1 Cs+1
(2) Ps—ss+1 — J“_ps—>s+l,r
r
(3) Csss+1 = | | Cs—s+1,r

64
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Parameterizing The Model

Cormack-Jolly-Sebert modeling using
Program Mark and standard statistical
methods

Parameterized with CDFW data:
e Overwinter survival
» Early emigration parameters
e Marine survival
e Carrying capacity
e Spring/Summer survival
» Fecundity +(Shapilov and Taft 1954)

Literature values used for stages with
iIncomplete/missing data:
» Egg survival (Moring and Lantz, 1975)

<?)))><



CJS Modeling Results

Overwinter Survival:

>

Model Notation3 Delta QAICc  Model No. Deviance
AlCc  Weight Likelihood Parameters

o RT*t* L)p(t) 0 0.57782 1 7 1550.521
o (RT*t+L)p(t) 0.878 0.37236 0.6444 8 1549.372
o (R*t*L)p(t) 4.975 0.04802 0.0831 15 1539.174
o(R*t*L)p(R*t) 11.542 0.0018  0.0031 22 1531.269
o (t)p(t) 46.122 O 0 5 1600.689
o (RT*t* L)p(t) 47.246 0 0 6 1599.792
o (RT*t)p(t) 49.123 0 0 6 1601.669
o (t)p(R*t) 51.979 0 0 14 1588.23
o (R*t)p(t) 55479 O 0 14 1591.731
o(R*t)p(R*t) 65.094 O 0 22 1584.822

3Model Notation includes survival (¢), and recapture (p) including time (t), Reach Type
(RT), Reach (R), and Fork Length (L) effect.



CJS Modeling Results

Probability of early emigration:
» Location
* Length (to a lesser extent)
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The Code Slide

cor.matrix <- matri x(0, nrow=6, ncol =6)
for(i in 1:6)({
for(ii in 1:6)({
nod <- cor.test(ow 1[,i],ow 1[,ii])
i f(nmod$p. value < 0.1){
cor.matrix[i,ii] <- nod$esti mate}
1}

names <- c("BHH',"LMS","MVB", "UMS","CLO', "SFO")
rownanes(cor.matri x) <- paste(nanes)
col names(cor. matri x) <- paste(nanes)

cor.matrix
corrnk <- cor.matrix# correlation matrix

eig <- eigen(corrnx) #get them eigens
W<- eig$vectors # Makes matrix of eigen Vectors: W
D <- eig$values # Makes matri x of eigen Values: D
D12 <- sqrt(abs(matrix(diag(D),nrow=np))) # D12 is a
matri x of the square root of the eigen values on
di agonal, the rest of the elenents are zero

Cl2 <- WHUDL129%% (W # Cenerates the square root of
correlation matrix corrnx

results <- matrix(NA nrow=t max, ncol =np)
col nanes(resul ts) <- paste(nanes)

for( tt in 1:tmax){

rates

nornmval s <- matri x(rnorn(np))
random st andard nornal val ues

corrnorns <- Cl2% %ornval s #make them nornms into
correl ated norns

bhh. vr <-
bet aval (vrneans[ 1], vrvars[ 1], nornf x(corrnorns[1]))
#converts each nornmal into the beta equivalent via the
Cumul tive distribution val ue

| ms. vr <-
bet aval (vrneans[ 2], vrvar s[ 2], nor nf x(corrnorns[2]))

# Loop for each years vita

#makes a set of

68

i f(Nt[5]>10){

total.ad <- round(Nt[5]) #this is the tota
nunber of adults returning to spawn

fems <- sum(rbinom(total.ad,1,0.5)) # This is the
total nunber of those that are fenale

if(fems<l){fens<-1} # This is just so the code
doesn't break down if by statistical anomaly there are no
femal es

f.lengths <- rnorn(fens, 66. 90909, 5. 933774)
#normal |y distributed | engths of all the feral es

egg. counts <- sapply(f.lengths,|.egg) #applying
the length to egg function to the Iength of each female

f <- sum(egg.counts)/fens #getting the average
egg count for the cohort

scour <- sun(rbinon(fens,1,0.85))/fens #
calculating the redd nortality rate due to scour
(ni ckel son and | awson 1998)

i f(scour==0){scour<-0. 85}

fempct <- fens/total.ad #percentage of the
adults that are fenale

Fert <- f*fem pct*scour

el se{Fert <- f*0.5*.85}

#fertility rate

M <- matrix(data=c(0, o, o, 0, Fert,
Y1, 0, 0, 0, 0,
0, Y2n, 0, 0, 0,
0, Yze, 0, 0, 0,
0, 0, Y3n, Y3e, O

)



Sensitivity Analysis

0.05

e
o
=

0.03

0.02

Relative effect of vital rate on A

0.01

egg surv emerg-fall winter - winter - EE's %EE ocean Surv fecundity
upstream
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Sensitivity Analysis

0.05

e
o
=

0.03

0.02

Relative effect of vital rate on A

0.01

egg surv emerg-fall winter - winter - EE's %EE ocean Surv fecundity
upstream

Minimal relative effect of EE parameters on population growth
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Simulation Analysis: Population Trajectory and
Extinction Probability

Metrics:
* Quasi-Extinction= 20 > Spawners for 3 consecutive years
Average spawner escapement over the last 10 years of simulation
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Early Emigrant Model
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Slow water - Survival Relationship

and Restoration Scenarios

A/ é
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Reach Scale OW Survival Sensitivities

0.073 0.069

0.057 0.062 0.057

0.021

Variation in A Explained
COLLLO00O
cooocoooocoo’

OFRPNWAOIUIONOOOR

S bhh
S Ims
S ums
Sclo
S sfo

S mms

Correlated Vital Rates

0.089

S ow



Probability of Extinction 50 Years

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0.00
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Simulated Restoration Scenarios

0.1306

0.0803

No Restoration Conc. MMS

0.0976

Estuary
Rest=+P

0.1168

Estuary
Rest=+C

0.0796

Estuary
Rest=+P+C
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Conclusions:

Early emigrant life history.is important for"

population viability- -~ v

Restoration scenarios produce similar
results regardless of where they are
located

Early emigrant parameters represent

minimums:

» Stream estuary ecotone provides
productive habitatfor smolt emigrants
on their way to the ocean
Estuary restoration efforts provide
additional off channel refugia during
winter high flows ~ e —.

Further study of coho usage of SEE needed

to improve parameter estimates

(+productivity? +capacity? Overwinter

survival?)
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Questions?



llluminating Population Consequences of Disparate Survival
& Behavior Between Hatchery & Wild Chinook Salmon:

The Role of Salmon Life-Cycle Models

Michael Beakes?l:?

Coauthors: William H. Satterthwaite!, Colleen M. Petrik?,
Eric Danner!, & Steve Lindley?

34th Annual Salmon Restoration Conference
April 6-9, 2016

INOAA Southwest Fisheries Science Center
2Cramer Fish Sciences
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Salmon Integrate Across Riverscapes

81



Salmon Have Complex Lives




“4Hs” of Salmon Population Decline

INn the Pacific Northwest




We Invest Millions To Restore Salmon

“...$550 million for fiscal years 2016-2017. That annual spending has

risen from about $330 million during the 2007-2009 time frame.”
- The Columbia Basin Fish & Wildlife News Bulletin
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California Salmon Live In A Radically

Transformed World

We need better tools to examine how
salmon interact with this environment.



Building Models For Salmon In The

California Central Valley

Principal Goals:

 Model that captures key spatial and
temporal aspects of salmon life cycle.

 Assess how the hydrology, habitat,
harvest, & hatcheries impact salmon.

.
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Adult Abundance & Environment Predicts

10N

Product

1N

Alev

Reproduction

)

1
1
1
1
I
1
1
1
1
1
1
I
.
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Habitat & Density Drive Fry

Rearing, Dispersal, & Survival

Freshwater Fry

Dispersal & Rearing e
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Habitat & Density Drive Parr

Rearing, Dispersal, & Survival

Freshwater Fry Juvenile Rearing &

Dispersal & Rearing —~  Migration
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Environment Drives Timing Of

Outmigration & Survival

Freshwater Fry Juvenile Rearing &

DlspersaI&Rearlng -~ Migration Ocean Entry

Sac River < Sac River =

Yolo

: Yolo i : > Yolo i : i
Reproduction// >/ N Delia h > N Delta H N Delta
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Ocean Productivity Dictates Early

Ocean Survival & Residence

Freshwater Fry Juvenile Rearing &

Dispersal & Rearing ~~  Migration . Ocean Entry
ST R e e e s e !
¥ Sac River : g Sac River : kg Sac River X
: Yolo - —> Yolo H—=>  Yolo N
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L__—____ sl s —— ! L -- Eesness— I : :
j; /”3 i A - et :
A E S Age 2 :
i Age 3 :
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Fish Escaping The Fishery

Return To Spawn

Freshwater Fry
Dispersal & Rearing —~ Migration - Ocean Entry

I T T e S e B S R B e L
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Takes |

Hatchery Releases & Takes

Tracked Through Space & Time

Freshwater:Fry
Dispersal & Rearlng

Yolo 1 > Volo H > Yolo N
N Delta ~ > N Delta =~——=> NDelta N Ocean
- | | ! | | Residence
C Delta = —> C Delta H > CDelta N~ N\~~~
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SJ Rlver : > SJRiver —> SJRiver
e —— ! lmmmmm e e m =
Age 2 Spawners €—
Age 3 Spawners < — /Age 2
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Models Can Evaluate In-River Survival Of

Juvenile Salmon

Cumulative Survival: ~39%
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Models Can Evaluate Survival Of Juvenile

Salmon Migrating Through The Delta

April

Cumulative Survival: ~39%

o

- ~24%

95



Models Can Evaluate Survival Of Juvenile

Salmon Migrating Through The Delta

April

May

Cumulative Survival: ~39%

o

- ~24%

\> ~15%
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Models Can Estimate Cumulative Survival

From Their Natal Rivers To The Ocean

April
May
Cumulative Survival: ~39% June
—
> ~24%
\> ~15%

\b ~4%
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Hatchery Fish Get A Helping Hand

April

May

June

Cumulative Survival:~80-95%

~26%

Hatchery Releases
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Abundance of Hatchery & Wild Fish

Unrelated




Abundance of Hatchery & Wild Fish

Unrelated

Hatchery fish are more abundant and may not
fairly represent the dynamics of wild fish.

Hatchery fish may appear more productive
than wild fish.




Hatchery Population Grows

Faster

101

—— Hatchery
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Higher MSY For Hatchery Population

vs. Wild Population

MSY

—— Hatchery
— Wild




Hatchery Fish Under Harvested &

Wild Fish Over Harvested

—— Mixed Stock




Hatchery Spawners Impede
Wild Fish Fecundity




Hatchery Spawners Impede
Wild Fish Fecundity

Eggs,,

+ Eggs,,+ EQgs;, X aj,
Habitat Capacity

Eggs,=

a,, = Hatchery Effect
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Hatchery Spawners Impede
Wild Fish Fecundity

Eggs,,

+ Eggs,,+ EQgs;, X aj,
Habitat Capacity

Eggs,=

a,, = Hatchery Effect
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Hatchery Spawners Impede
Wild Fish Fecundity

Eggs,,

+ Eggs,,+ EQgs;, X aj,
Habitat Capacity

Eggs,=

a,, = Hatchery Effect
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Population Will Be Dominated By

Hatchery Fish




We Have Management Options

 Promote hatchery practices that mimic
wild fish experiences.




We Have Management Options

 Promote hatchery practices that mimic
wild fish experiences.

« Manage the ocean fishery to selectively
target hatchery origin fish.




We Have Management Options

 Promote hatchery practices that mimic
wild fish experiences.

« Manage the ocean fishery to selectively
target hatchery origin fish.

 Prevent hatchery origin fish from
spawning with wild origin salmon.




“4Hs” of Salmon Population Decline

INn the Pacific Northwest




Life-Cycle Models Can Assess

The “4Hs” Impact On Salmon

« Model can capture the impacts of flow &
habitat on rearing, migration, and
survival.
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 Hatchery & wild fish have different
survival costs and population dynamics.




Life-Cycle Models Can Assess

The “4Hs” Impact On Salmon

« Model can capture the impacts of flow &
habitat on rearing, migration, and
survival.

 Hatchery & wild fish have different
survival costs and population dynamics.

 Ocean fishery and hatchery-wild
spawning affects population composition.
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Different Survival Rates Of Hatchery &

Wild Fish Has Population Implications

April
| |

Hatchery fish are more abundant and may not
fairly represent the dynamics of wild fish.

Hatchery fish may appear more productive
than wild fish?

Hatchery Releases /







Models Track Fish Abundance Through

Time & Space

February March April May June July
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Synergistic Benefits:
Coupling Salmon Life-Cycle Monitoring and
Population Models in Context

Joshua Strange, PhD
Stillwater Sciences

34th Annual Salmon Restoration Conference




Paul Vecsie
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Salmon Conceptual Models




Coho Salmon Conceptual Model

Late-fall (summer) juvenile abundance sets the upper limit
of a watersheds coho smolt production (capacity is a
function of the amount and quality of pool and run habitat,
food supply, and water temperatures)

However, due to non-territoriality of coho in winter and
disproportionate degradation, winter habitat often limits
coho population size (off-channel and sheltered, low-
gradient habitat especially)

Spawning habitat quality and quantity rarely limits coho
population size (but very low adult abundance can lead to
under-seeding)
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Life-cycle Monitoring




Monitoring




Monitoring




Monitoring
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Examples







Life-Stage Abundance




Survival







Estuarine Monitoring




Fully Seeded or Not
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Life-Stage Abundance
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Why life-cycle modeling?

Provide a shared understanding of species, life-stage, and season-specific life-cycle
dynamics and habitat needs in context of a bio-region or watershed,;

Help identify and verify limiting life-stages (population bottlenecks) and associated
key habitats and seasons to provide guidance for monitoring data collection,
experimental manipulations, restoration designs, and recovery planning;

Allow rapid hypothesis and assumption testing and refinement of watershed or
location-specific conceptual models of salmon species.

Cost effective investment guidance, grounded in biological and watershed-specific
conditions with predictive capabilities, will help improve the effectiveness of
recovery efforts.
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Life-Cycle Population Models




Synergy: Life-Cycle Monitoring and Population Models




Identification of Monitoring Needs




Future Scenarios
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Hypothesis Testing: Key Studies and Experiments




Hypothesis Testing: Virtual Experiments
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Paul Vecsie
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The black box for salmon survival:
Changing perspectives on marine survival
and implications for life-cycle models

Cyril Michel, UCSC/NMFS-SWFSC (Presenter)
Ann-Marie Osterback, UCSC/NMFS-SWFSC
Sean Hayes, NMFS-SWFSC
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DISCLAIMER...




What creates a strong

Or: what life stages




But what about marine survival?

e Little is known about marine survival, including the effect
of environmental conditions

Outputs: escapement

Inputs: hatchery releases Outputs: harvest
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But what about marine survival?

. . Harvest+Escapement
Marine Survival = i

Hatchery Releases
Outputs: escapement

Inputs: hatchery releases

Outputs: harvest
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Late-fall run Chinook salm

Battle Creek




Coleman Hatchery Late-fall yearling Chinook salmon tagging

1 release 2 releases 2 releases 3 releases 4 releases

Jan Dec/Jan Dec/Jan Dec(2)/Jan Dec(2)/Jan(2)
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2007 - 2.8%
2008 — 3.8%
2009 - 5.9%
2010 - 3.4%

Michel et al. 2015. Chinook salmon outmigration survival in wet and dry years in
California’s Sacramento River. CJFAS 72:1749-1759.










2007 — 2.8%
2008 — 3.8%
2009 - 5.9%
2010 - 3.4%
2011 -15.7%







Late-fall run Winter run

20

15

% Outmigration Survival
10

I I I I I
2007 2008 2009 2010 2011

I I I
2013 2014 2015

Years

Preliminary Winter run survival estimates from Arnold Ammann, SWFSC
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Have studies been over-attributing unexplained
mortality to the ocean?

Outputs: escapement

Inputs: hatchery releases Outputs: harvest




Smolt-to-adult return rate (SAR)

Estimated contribution to fishery + Estimated escapement

SAR =
Total smolts released
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Minimum, maximum, and median per release day
SAR values for Coleman late-fall run, 1993-2011

Stp,
.3%
SARQ8%

SAR 0.03%
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Minimum, maximum, and median per release day
SAR values for Coleman late-fall run, 1993-2011

0.04 x 0.2 = 0.008

Stp,
.3%
SARQ8%

SAR 0.03%
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All per release day SAR values for Coleman late-fall run, 1993-2011
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All per release day SAR values for Coleman late-fall run, 1993-2011
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190

mean SAR for associated hatchery group

1.2

Outmigration survival vs. release group SAR

2011 ©

g 10 12 14 16

% Survival to ocean




Flow experiencec

2007 — 2.8%
2008 — 3.8%
2009 - 5.9%
2010 -3.4%
2011 -15.7%




Does flow determine adult recruitment?

Sturrock et al. 2015. Reconstructing the Migratory Behavior and Long-Term Survivorship of
Juvenile Chinook Salmon under Contrasting Hydrologic Regimes. PLoS One 10:e0122380.
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Mid-presentation outline...

What have | (hopefully) communicated:

e Survival during outmigration = LOW

e Survival during outmigration in Sacramento = EVEN LOWER

e Therefore, marine survival = HIGHER?

e Qutmigration survival dynamics ~ adult salmon recruitment dynamics
» Limited evidence from acoustic tagged cohorts

 Flow ~ outmigration survival = STRONG

What do | hope to now argue:

e A case study using Late-fall run Chinook salmon:

>—Outmigration-survival-estimates, so instead, does flow ~ adult

salmon recruitment?
» Remaining unexplained variance attributable to marine conditions?
e Other examples in literature?
e Relevance to life-cycle models
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Late-fall run Chinook salmon

Let’s keep using hatchery late-fall run Chinook salmon to conceptually
explore these next ideas...

Late-fall are ideal for several reasons:

e Hatchery fish are 100% CWT since 1993 -> release and survival
information for all fish

 The majority of the population are hatchery-origin (Palmer-Zwahlen,
M., and Kormos, B. 2013)

 The majority of releases were not trucked
» Only used on-site releases for this analysis

e On-site released fish have stray rates are near zero (Palmer-Zwahlen,
M., and Kormos, B. 2013), and so CWT recovery rates are high

e Qutmigrate during December- February.
» More variable flows than for fall run
» Increase potential for detecting signal of flow vs. SAR
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Flow (cfs)

Flow variability during peak late-fall vs. fall run outmigration

30000 50000
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0
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Yarly SAR for Coleman Latefll run Chnook samon
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% SAR

20

1.5

1.0

0.5

0.0

197

Yearly SAR for Coleman Late-fall run Chinook salmon
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Yearly SAR for Coleman Late-
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Yearly SAR for Coleman Late-
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% SAR
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Coleman late-fall chinook yearly SAR residuals

0.4

0.0
<

Residuals
-0.2

-0.4

-0.8

150 200 250 300 350

Mean upwelling during first May-June

202



Coleman late-fall chinook yearly SAR residuals
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Coleman late-fall chinook yearly SAR residuals
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Caveats...

e Late-fall Chinook are yearlings - largest smolts in the Central Valley
» 90 -170 mm (Fisher 1994; Snider and Titus 2000)
 Furthermore, hatchery fish are often larger than their wild counterparts
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Caveats...

e Larger smolts could be more less susceptible to poor ocean conditions
due to increased fat reserves and increased mobility to forage

“In years of improved ocean productivity and exceptional recruitment, such as
2000 and 2001, selective mortality went undetected, as both large, fast-growing
and small, slow growing individuals survived the ocean entry period. The selective
mortality detected in 2005 is similar to cases presented by Holtby et al. (1990),
Blom et al. (1994), Saloniemi et al. (2004) and Cross et al. (2008), who observed an
increased benefit of larger size to other juvenile salmonids in low survival years.”

Woodson LE, Wells BK, Weber PK, MacFarlane RB, Whitman GE, Johnson RC. 2013. Size,
growth, and origin-dependent mortality of juvenile Chinook salmon Oncorhynchus
tshawytscha during early ocean residence. MEPS 487:163-175
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Caveats...

 Below-average marine conditions may have strong influence on marine
survival of smaller smolts, but perhaps little to no effect in average or
above-average years

“In years of improved ocean productivity and exceptional recruitment, such as
2000 and 2001, selective mortality went undetected, as both large, fast-growing
and small, slow growing individuals survived the ocean entry period. The selective
mortality detected in 2005 is similar to cases presented by Holtby et al. (1990),
Blom et al. (1994), Saloniemi et al. (2004) and Cross et al. (2008), who observed an
increased benefit of larger size to other juvenile salmonids in low survival years.”

Woodson LE, Wells BK, Weber PK, MacFarlane RB, Whitman GE, Johnson RC. 2013. Size,
growth, and origin-dependent mortality of juvenile Chinook salmon Oncorhynchus
tshawytscha during early ocean residence. MEPS 487:163-175
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Examples from the literature: wild and hatchery steelhead
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Examples from the literature: wild sockeye salmon

Abstract

“[...] cumulative survival to the ocean ranged 3-10% among years.
[...] Current fisheries models for forecasting the number of adult
sockeye returning to spawn have been inaccurate in recent years
and generally do not incorporate juvenile or smolt survival
information. Our results highlight significant potential for early
migration conditions to influence adult recruitment.”

Clark TD, Furey NB, Rechisky EL, Gale MK, Jeffries KM, Porter AD,
Casselman MT, Lotto AG, Patterson DA, Cooke SJ, Farrell AP, Welch
DW, Hinch SG. 2016 Tracking wild sockeye salmon smolts to the
ocean reveals distinct regions of nocturnal movement and high
mortality. Ecological Applications, DOI: 10.1890/15-0632.
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What does this have to do with life-cycle models?

Recognize the potential shortcomings of literature that
does not parse out outmigration vs. marine survival when
parameterizing our models

Consider that the importance of marine survival dynamics
may be overshadowed by outmigration survival dynamics
during average or above-average marine conditions

We should revisit attempts at modeling the relationship
between environmental indicators and marine survival
after parsing out outmigration survival when possible

Life-cycle models may be the only way to truly elucidate
marine survival dynamics because it does inherently
consider outmigration survival in the model structure




Potential Management Implications
e Further evidence that high flows during outmigration are
beneficial to survival and, ultimately, adult recruitment

e Evidence that outmigration tagging studies can also be critical
for understanding other life stages -> value added

* Even with ideal outmigration conditions, poor marine survival
can lead to stock collapse
» We only have the luxury of mitigation in freshwater
» Manage one system with both in mind

Next steps...
e What about other populations? Winter run?

e Use measurements of meaningful marine survival indicators
» e.g. krill abundance

e Potential for simplistic environment-based forecast model?
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Thank you.
Questions,
comments, fiery
critiqgues?
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“Well, thank God we all made it out in time.
... "Course, now we're equally screwed.”




What does that mean for marine survival?

Using methods from Bradford (1995)* review on salmon mortality
rates:

M (instantaneous mortality) = —loge(Survival)

Mtotal at 60% harvest — Megg—to-smolt + Msmolt-to-adult
M =M

(Mmarine + Moutmigration): Mtotal at 60% harvest ~ Megg-to-smolt

smolt-to-adult total at 60% harvest - Megg-to-smolt

Table 2. Details of chinook egg—smolt mortality da in the analysis®
2007 =0.028
2008 = 0.038 Stream I'ype N Migrant Fec B Est. M
- Cowichan R., B.C* Dam i Fry, 0+ 4500 2.39 4.41
2009 = 0.059 Fall Ck., Calif. Nat 4 Fry, 0+ 3800 2.13+0.34 4.50
2010=0.034 John Day R., Oreg. Nat 5 1+ 4000 2.94+0.16 3.74
Lehmi R., Idaho” Mat 9 Fry, 0+, 1+ 4500 6.80 | 1.21+0.11 3.39
Mean =0.039 Qualicum R., B.C. Flow 14  Fry, 0+ 5400 | 6.98 | 2.79:032 | 4.19
- Tucannon R., Wash. Nat 4 1+ 4000 | 6.68 || 2.01+0.21 4.67
M = —loge (0.039) | Warm Springs R., Oreg.” Nat 15 0+, 1+ 3300 | 6.49 [\2.9720.12) 3.52
M . . = 3 24 Yakima R., Wash. Dam 6 I+ 4500 \ 6.80 4.08
outmigration ' Yakima R.,Wash.” Dam 8 1+ 4500 \6.8( 3.77

M, . _6.76-2.56-3.24=0.96 (0.38 survival)

*Bradford, MJ 1995. Comparative review of Pacific salmon survival rates. CJFAS 52:1327-1338.
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During average or above av
perhaps the oceanisas




During average or above av
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perhaps the oceanisas




During average or above av
perhaps the oceanisas




During average or above average marine conditions,
perhaps the ocean is a sanctuary to freshwater perils
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Incorporating life-history diversity
into estimates of Skagit River
Chinook salmon production

Corey Phillis (MWD, NWFSC), Correigh Greene (NWFSC),
Joseph Anderson (WDFW),
Eric Beamer, Casey Ruff (Skagit River System Cooperative)
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Proximate & Ultimate Goals of restoration
should align

Life-Cycle Models can identify restoration
actions with the greatest Benefit to Ultimate
Goals

Life-history diversity is good, but often not
adequately measured




Goal of Restoration

Proximate Goals:
Increase or Improve the qualities of habitat X




Goal of Restoration

Proximate Goals:
Increase or Improve the qualities of habitat X

Photo credit: FISHBIO




Goal of Restoration

Proximate Goals:
Increase or Improve the qualities of habitat X
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Goal of Restoration

Ultimate Goals:
Benefit the population or ESU




Goal of Restoration

Ultimate Goals:
Benefit the population or ESU (and in turn us)




Measuring Success of Restoration

Proximate Goals:

Increase or Improve the qualities of habitat X
« How many acres of habitat restored?

* Did rearing capacity increase?

e Did survival in the habitat improve?




Measuring Success of Restoration

Ultimate Goals:
Benefit the population or ESU

 Viability Status (e.g. McElhany et al., 2000)
— Abundance
— Population Growth Rate
— Spatial Structure
— Diversity (between and within populations)




Measuring Success of Restoration

Ultimate Goals:
Benefit the population or ESU

 Viability Status (e.g. McElhany et al., 2000)
— Abundance
— Population Growth Rate
— Spatial Structure
— Diversity (between and within populations)




Success Measures Should Align

Proximate Goals

 How many acres of
habitat restored?

e Did rearing capacity
increase?

e Did survival in the
habitat improve?

Ultimate Goals

e Abundance

Population Growth
Rate

Spatial Structure

Diversity (between and
within populations)




Models as Restoration Tools

Fish data

Habitat/environmental None Spawner data Juvenile data

covariate resolution _ _
More information

Watershed
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Knudsen et al. submitted
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Life History Diversity is Rarely a Target
for Management or Restoration

Life history diversity: increasingly recognized as important for
resilient populations (e.g., Greene et al. 2010)

BUT, not a focus for management

Examples:

e Coho salmon- focused on
freshwater yearlings

e Chinook salmon - in Puget Sound
the focus is on estuary residents

FishBio




Backdrop: Declining marine survival in the
Salish Sea

Possible connections
between changes in LHD
and low marine survival in
the Salish Sea

Coho salmon

1) Linkages between
changes in FW habitat

and marine survival

Changes in frequencies
of key life history types

Zimmerman et al. submitted




Link between freshwater and marine life
stages
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Changes in frequencies of key life history types

Loss of habitat
will affect some
life histories
more than
others




Key Questions

1) How does habitat limitation structure life
history diversity?

2) What are the consequences of juvenile life
history variation on marine survival and adult

abundance?




Goal

Develop a model to describe:

1. How various habitat features influence
carrying capacity and out-migrants

How life history variation of out-migrants
responds to these habitat factors

3. What are the consequences for adult return
rates
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Balancing complexity with data availability
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Previous Skagit

salmon models: bl
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What’s new?

Better understanding of habitat use (e.g. —— /\
non-natal sites like “pocket estuaries’)
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evidence for density dependent
migration)




Density-dependent migration:
Parr vs. Fry




Density-dependent migration:
Delta Fry vs. Migrant Fry
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Density-dependent migration:
Delta Fry vs. Migrant Fry
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A Limiting Factors Analysis
Modified for Multiple Life
History Types
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Parr Out-Migrants &Estimated Parr Capacity




0
N
| O
N
e
| O
— WD
T T T T o
o T} o w (]
N - -
punge
I~ %,\0
-
7
T\O@no
T\mv
o)
L3
@\
- %
-
-
[ %
mm\.%
- N
T\o.o
KB
T\mm
B
%
%
T\OOAN
Tm‘o
- ov®
- %
%
u @0\
T T 1 T A
o o o o =
o o o o
o o o o
< (4] N -

JInpe buiuinya.

spawners
(in'000's)

& &£
ENNEPAN
" P
&

AN
O

>
&
X

&

)
AN

%

O

q\

SN

’

268



6000

5000 —

4000

(in '000's)
S
3

Abundance

2000

1000

0.8

0.6

0.4

% Life History Type

0.2

0.0

269

Outmigrants
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Spawner Abundance (in '000's)




Outmigrants

Adults
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Spawner Abundance (in '000's)

What do we
know about
migrant fry
marine survival?

Otolith analyses

indicate that
out of more
than 200 adult
Skagit fish
examined, only
one was a fry
migrant




1,334 Acres of Delta Habitat Restored by 2020




Delta restoration will increase adult
returns by...
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Delta restoration will increase adult

returns by...
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Delta restoration will increase adult
returns by...
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Management Implications & Applications

Model strongly suggests cohort success is determined
by amount of rearing habitat relative spawner
abundance




Management Implications & Applications

Model strongly suggests cohort success is determined
by amount of rearing habitat relative to the returns of
adults

In turn, spawner abundance determines the relative
abundance of fry migrants, the small fish that bypass the
riverine and estuarine habitats




Management Implications & Applications

Model strongly suggests cohort success is determined
by amount of rearing habitat relative to the returns of
adults

In turn, spawner abundance determines the relative
abundance of fry migrants, the small fish that bypass the
riverine and estuarine habitats

Hence the survival of this life history type relative to
others has the strongest effects on adult returns




Management Implications & Applications

Model strongly suggests cohort success is determined
by amount of rearing habitat relative to spawner
abundance

In turn, spawner abundance determines the relative
abundance of fry migrants, the small fish that bypass the
riverine and estuarine habitats

Hence the survival of this life history type relative to
others has the strongest effects on adult returns

Models like this can improve goals for escapement by
explicitly addressing the success of various life history

types




Caveats

The LFA is a static model—it does not account
for environmental variability

Outputs are long-term expectation rather than
short-range prediction

Specific annual predictions for specific
populations must integrate dynamic
parameters
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Oregon Coast Coho

Develop a dynamic
model that can
account for:

e Temporal
dynamics

e Environmental
variability

e Spatial complexity




Oregon Coast Coho

Develop a dynamic
model that can
account for:

e Temporal
dynamics

e Environmental
variability

e Spatial complexity




Archetypical Coastal OR Coho Life History
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4-6 Realized Coastal OR Coho Life Histories
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Estuaries Facilitate Life History Diversity
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A quick example scenario

Evaluate restoration scenario that targets increasing
either freshwater or estuary capacity

Two metrics of recovery are:
* Abundance (# of adults)
 Population Stability (C.V.)

Results produced from 30
100-year simulations
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© Freshwater restoration
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% Increase In total habitat capacity




Estuaries Facilitate Life History Diversity
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What Models Tell Us

Static models (e.g. Skagit Chinook LFA) can
identify habitats and life-history types that are
limiting recovery

Dynamic models (e.g. OR Coast Coho LCM) can
also evaluate population performance

Increasing life-history diversity increases
population stability, as is “statistically inevitable”
(Doak et al. 1998)




Proximate & Ultimate Goals of restoration
should align

e Restoration will have minimal effect if later life-stages are limiting

Life-Cycle Models can identify restoration actions
with the greatest Benefit to Ultimate Goals

 Identify actions that contribute to viability goals; some actions may
benefit abundance goals but not diversity goals (and visa versa)

Life-history diversity is good, but often not
adequately measured

* Need estimates of LH-specific marine survival (otoliths, PIT tags)
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