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Overview

• Changes to the run 
reconstruction

• Methods of 
escapement goal 
analysis

• Results
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Run reconstruction
What is it?
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Historical method

Organize data 
• Assumes all fish caught in the CMA are Chignik-

bound fish
• Assumes 90% of Igvak harvest is Chignik bound 

from June 1 thru July 5
• Assumes 80% of select SEDM harvest is Chignik 

bound (SEDM thru June 30 and SEDM less 
Northwest Stepovak from July 1 to July 25)

• All harvest lagged to arrival day at weir
• All swim times to weir based on Conrad 1983

6



Historical method
After catch and escapement have been 

temporally aligned to weir date

Stock apportionment: multiple past methods
• Time of entry curves (1967 to 1982)
• Scale pattern analysis (1983 to 2003)
• July 4 cut-off date (2004 to 2011)
• Genetics (2012 to 2021, prior genetics data applied 

retroactively)

Apply weekly age compositions 
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Run reconstruction
Why a new approach?

Availability of better data to inform run 
reconstruction

Development of a method that is easily 
reproduced and applied to historical data
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Run reconstruction
Why a new approach?
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• Chignik harvest has been overestimated
• Genetic data indicate mixed stocks in CMA
• Regulations for Igvak and SEDM do not match genetic 

information

• Stock apportionment is inconsistent over time
• Minimize the amount of error imparted by using 

multiple methods
• Needs consistency and reproducibility



New method – Organize data

Determine number of Chignik-bound fish 
based on genetic study results 

(Dann et al. 2012, Shedd et al. 2016)

• Chignik Bay District: 100%
• Central District: 95% 
• Western, Perryville, Eastern District : 80% through 

June; 50% through July and August
• Igvak: 75% through July 5
• SEDM: 80% through July 5 ; 50% post July 5
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Organize data

Subset run data for stock 
apportionment

• Determine stock percentages by 
day using escapement and harvest 
from 11 stat areas within 90 km of 
the weir

• Harvest data are predominantly 
(≥80%) Chignik-bound fish to 
represent the probability density 
function of each run
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Determine stock proportions
R package mixDist
• Expectation-

Maximization (EM) 
algorithm to 
determine 
probability density 
functions (pdf) of 
daily run timing

• Assumes 3 
distributions: 1 early, 
2 late (Creelman et 
al. 2011)

• Model will estimate 
a pdf for each day 
and each stock
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###you are loving this talk
baby_year_stats <- function (df, year_wanted){
df <- df_data
#year_wanted <- 1973
df %>%
filter(year(date)==year_wanted)-> df

df_fit <- data_prep(df, year_wanted)
fit <- distribution_estimation_norms_SEQ(df_fit) 
dist_plot (fit, year_wanted)



Determine stock proportions
The proportion of early 
run fish is estimated by 
dividing the early run 
pdf on a given day by 
the sum of all pdfs on 
that same day.

𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 =
𝑝𝑝𝑝𝑝𝑝𝑝1 (𝑑𝑑𝑑𝑑𝑑𝑑)

∑𝑖𝑖=13 𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖(𝑑𝑑𝑑𝑑𝑑𝑑)

Daily proportion of 
early run fish X total 
daily run = early run
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##You are really  loving this talk
#Add in postweir
m<- p_of_run_by_day2022

p_of_run_by_year <- m %>%
group_by(year) %>%
summarise(dis_p = round(max(cum_run_dis_all, na.rm = TRUE)/max(cum_run_all, 

na.rm = TRUE),3),
run = round(max(cum_run_all),-3),
dis_count =  round(max(cum_run_dis_all),-3))



Compared to  
genetics collected 
from escapement
Daily proportions not 
significantly different from 
genetic proportions (paired 
Student T-test p > 0.24)

5% average difference 
between models
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Results of new approach
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Summary of method differences

Steps of the run reconstruction Historical New method
Assign harvest as Chignik 
bound

Based on past tagging studies Based on WASSIP/KMA 
genetics

Align harvest to weir date Same - Conrad 1984 Same - Conrad 1984

Stock apportionment Multiple methods with 
different variances

One method  applicable to 
historical data

Weekly data Daily data

Age composition Weekly average Interpolated daily 



Results of new approach

Brood tables will differ because of
• Corrections to harvest numbers
• Differences in stock proportions 

between methods
• Changes to the percentages of 

harvest considered Chignik-bound 
fish (~10% less in the CMA)
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Results of new approach

• More accurate harvest numbers

• Reproducible and consistent 
method of stock apportionment 

• Provides a better index for stock 
assessment
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Escapement goal review
for Chignik sockeye salmon
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General Approach
Identify and assess periods 
of changing productivity to 
estimate the most 
biologically representative 
value of SMSY

Account for early- and late-
run stock interactions of 
rearing fry in Chignik Lake to 
facilitate restoring Black 
Lake productivity

Dahlberg took the same 
approach in the 1960s
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Analyses

Spawner-recruit models

Habitat-based models
• Euphotic volume
• Zooplankton biomass
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S-R Analyses
Spawner-recruit models

• All S-R models run in the Pacific 
Salmon Escapement Goal Analysis 
app (Hamazaki 2022)

• Data from 1983 to 2013
• Limited by what daily age 

comp data we could audit

Image: Freshwaters Illustrated



S-R Analyses
Spawner-recruit models

• Time-varying α Ricker
• ln(R)=ln(α)−βs+ln(S)+ε
• ln(α)t=ln(α)t−1+ωt

• Bayesian simple Ricker
• ln(R)=ln(α)− βs+ln(S)+ε

• Parameters
• α - productivity
• β - density dependence

Image: NOAA Fisheries



S-R Analyses

Time-varying α

• Estimates SMSY
for each year

• Indicated 
lower 
productivity 
for both runs
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S-R Analyses

Time-varying α

• More variable 
SMSY starting 
around 1998

• Productivity 
declines
ER: 2009
LR: 2012 
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S-R Analyses

Time-varying α

• Production declines for 
both stocks starting in the 
late 1990s coincided with 
watershed stabilization 
(USACOE Nov 3-4, 2021 
Black Lake Workshop)

• Indicates S-R data are 
suitable for truncating into 
higher and lower periods of 
productivity around 1998.
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S-R Analyses
Bayesian Simple Ricker
• TV α was not used to 

estimate SMSY because of 
uncertainty in 
interpreting model 
output, but it did inform 
data trends

• Data sets used
• Higher productivity: 

1983 to 2013
• Lower productivity: 

1998 to 2013

Stock
Data set and 

analysis Data range ln α β Midpoint Lower Upper
Early

Current goal 400,000 350,000 450,000

Simple Ricker 1983 to 2013 1.548 0.141 427,272 284,768 787,477
1998 to 2013 1.722 0.208 309,642 204,371 564,870

Late
Current goal 300,000 200,000 400,000

Simple Ricker 1983 to 2013 1.794 0.215 311,507 205,635 582,558
1998 to 2013 2.059 0.349 208,634 143,371 356,442

Total run
Simple Ricker 1983 to 2013 1.651 0.081 782,087 496,126 1,564,447

1998 to 2013 1.982 0.142 500,668 333,300 900,651



S-R Analyses
Bayesian Simple Ricker

Early + Late SMSY from the 
full data sets comparable 
to current goals

Stock
Data set and 

analysis Data range ln α β Midpoint Lower Upper
Early

Current goal 400,000 350,000 450,000

Simple Ricker 1983 to 2013 1.548 0.141 427,272 284,768 787,477
1998 to 2013 1.722 0.208 309,642 204,371 564,870

Late
Current goal 300,000 200,000 400,000

Simple Ricker 1983 to 2013 1.794 0.215 311,507 205,635 582,558
1998 to 2013 2.059 0.349 208,634 143,371 356,442

Total run
Simple Ricker 1983 to 2013 1.651 0.081 782,087 496,126 1,564,447

1998 to 2013 1.982 0.142 500,668 333,300 900,651



S-R Analyses
Bayesian Simple Ricker

SMSY correspondingly lower 
during period of lower 
productivity.

Stock
Data set and 

analysis Data range ln α β Midpoint Lower Upper
Early

Current goal 400,000 350,000 450,000

Simple Ricker 1983 to 2013 1.548 0.141 427,272 284,768 787,477
1998 to 2013 1.722 0.208 309,642 204,371 564,870

Late
Current goal 300,000 200,000 400,000

Simple Ricker 1983 to 2013 1.794 0.215 311,507 205,635 582,558
1998 to 2013 2.059 0.349 208,634 143,371 356,442

Total run
Simple Ricker 1983 to 2013 1.651 0.081 782,087 496,126 1,564,447

1998 to 2013 1.982 0.142 500,668 333,300 900,651



S-R Analyses
Bayesian Simple Ricker

Early + Late SMSY
• 1983 to 2013: 738,799
• 1998 to 2013: 518,276

Stock
Data set and 

analysis Data range ln α β Midpoint Lower Upper
Early

Current goal 400,000 350,000 450,000

Simple Ricker 1983 to 2013 1.548 0.141 427,272 284,768 787,477
1998 to 2013 1.722 0.208 309,642 204,371 564,870

Late
Current goal 300,000 200,000 400,000

Simple Ricker 1983 to 2013 1.794 0.215 311,507 205,635 582,558
1998 to 2013 2.059 0.349 208,634 143,371 356,442

Total run
Simple Ricker 1983 to 2013 1.651 0.081 782,087 496,126 1,564,447

1998 to 2013 1.982 0.142 500,668 333,300 900,651



S-R Analyses
Bayesian Simple Ricker

• β increased during 
periods of lower 
productivity

• Consider total run

Stock
Data set and 

analysis Data range ln α β Midpoint Lower Upper
Early

Current goal 400,000 350,000 450,000

Simple Ricker 1983 to 2013 1.548 0.141 427,272 284,768 787,477
1998 to 2013 1.722 0.208 309,642 204,371 564,870

Late
Current goal 300,000 200,000 400,000

Simple Ricker 1983 to 2013 1.794 0.215 311,507 205,635 582,558
1998 to 2013 2.059 0.349 208,634 143,371 356,442

Total run
Simple Ricker 1983 to 2013 1.651 0.081 782,087 496,126 1,564,447

1998 to 2013 1.982 0.142 500,668 333,300 900,651



Habitat-based models
• Euphotic volume model

• EV= EZD·SA·e
EZD = depth of 1% light penetration
SA = lake surface area
e = constant

• Zooplankton biomass model
• 𝑆𝑆𝐺𝐺 = 2.11 𝑍𝑍𝑍𝑍�𝑆𝑆𝑆𝑆

𝐺𝐺
ZB = zooplankton biomass
SA = lake surface area
G = smolt weight (g)



Image: NY Times

Habitat-based models

• Chignik Lake data: 2000 to 2020

• EV model: 396,000 to 594,000 
fish

• Zooplankton biomass model: 
450,000 to 674,000 fish
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Image: Salmon facts

Results

• Discontinue early- and  
late-run goals

• Total run BEG

• 450,000 to 800,000 
sockeye salmon



Results
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Single goal

Prior to noticeable 
changes in Black Lake, 
both stocks of sockeye 
salmon interacted as 
juveniles in Chignik  
Lake (Dahlberg 1968, 
Narver 1966, Parr 1972)



Results
Single run
• Black Lake can still be 

excellent rearing habitat as 
evidenced by high caloric 
content of its rearing juvenile 
sockeye salmon (Finkle 2004)

• But once in Chignik Lake, 
Black Lake fish are outgrown 
by Chignik Lake fish (Simmons 
et al. 2013, Griffiths et al. 
2014)

Mean energy density by age and area for 
Chignik watershed sockeye salmon, 2002.
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Results
Single goal

• With physical changes to the 
upper portion of watershed 
and greater climatic variability, 
density independent factors 
play a larger role.

• Temperature influences 
growth and migration

36
2008               2020 Black Lake



Results
Single goal

• With current watershed 
stability and increasing 
climatic variability, 
juvenile Black Lake 
sockeye salmon are likely 
to continue adaptive 
rearing strategies and 
utilize the entire 
watershed

37
Image: Lisa Fox

● Early run
● Late run

Chignik Lake

Black Lake



Results
Single goal

• Density dependence in Chignik 
Lake may create a bottleneck 
when a large juvenile population 
rears in the lake

• Large outmigrations crop 
Chignik Lake zooplankton

• Condition has a positive 
relationship with zooplankton 
biomass ∴ Low zooplankton = 
poor condition

y = -8E-06x + 606.73
R² = 0.3253
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Results
Single goal

• Density dependence 
parameter β will not 
accurately reflect S-R 
relationships if mixed 
stock interactions are not 
considered

• SMSY estimated from the 
total run accounts for  
freshwater mixed stock 
interactions.



Results
Single goal

• Other sockeye salmon 
systems with multiple stocks 
have one goal

• A few examples:
• Wood River - Bristol Bay
• Alagnak River - Bristol Bay
• Copper River - PWS
• Chilkoot Lake  Haines
• Chilkat Lake - Haines



Results
Single goal

• Going from two goals to a 
single goal is not 
unprecedented:

• A few examples:
• Ayakulik sockeye (1988)
• Akalura sockeye (1988)

Kodiak



Results

Upper bound
• The upper bound 

of 800,000 fish 
was estimated to 
provide a 90% 
probability of 
achieving 80% of 
MSY for the 
Chignik-bound 
run 

Total run 1983 to 2013
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Results
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Image: Salmon facts

Upper bound

• Escapements observed 
up to the upper bound 
of 800,000 fish have 
reliably produce 
replacement



Results
Lower bound
• ZB model lower bound 

supports S-R model 
lower bound

• Lower bound of 
450,000 fish is 
estimated to provide a 
90% probability of 
achieving 80% of MSY 
for the Chignik-bound 
run 

Total run 1998 to 2013
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Results
Chignik-bound yield

• Yield is similar 
during periods of 
average 
productivity

• Single-run goal 
provides greater 
yield during 
periods of low 
productivity

Estimated yields relative to escapement and productivity

Data range and 
productivity Goal type Goal range Median yield
1983 to 2013 Total run-new 450,000 to 800,000 1,336,250
Average Early + Late 550,000 to 850,000 1,284,077

Difference 52,173

1998 to 2013 Total run-new 450,000 to 800,000 1,202,269
Low Early + Late 550,000 to 850,000 1,039,895

Difference 162,374


Goal ranges

						50000

						100000				Late run

						150000				Current		recommended

						200000				200000		206000

						250000				300000		312000

						300000				400000		583000

						350000

						400000

						450000				350000		284768

						500000				400000		427272

						550000				450000		787477

						600000

						650000

						700000				550000		490768		500,668

						750000				700000		739272

						800000				850000		1370477		782087

						850000

						900000

						950000

						1000000



Late run



Current	Lower	 Midpoint	 Upper	200000	300000	400000	Simple Ricker	Lower	 Midpoint	 Upper	206000	312000	583000	







Early run

Current	Lower	 Midpoint	 Upper	350000	400000	450000	Simple Ricker	Lower	 Midpoint	 Upper	284768	427272	787477	







Comparison of goal ranges



Combined Current	 Midpoint	Lower	 Upper	550000	850000	Combined E + L	 Midpoint	Lower	 Upper	490768	1370477	Total run	 Midpoint	Lower	 Upper	500668	782087	









Yield

																		Yield

												Data range		Goal type		Goal range		Median				Mean

												1983 to 2013		Combined		550,000 to 850,000		1,257,209				1,264,550

														Total run-new		450,000 to 800,000		1,247,570				1,247,410				9,639		0		17,140



														Early		350,000 to 450,000		658,242				663,234

														Late		200,000 to 400,000		625,835				627,698

																Total		1,284,077				1,290,932				36,507		0		43,522





												1998 to 2013		Combined		550,000 to 850,000		1,165,941				1,179,948				47,439				58,039

														Total run-new		450,000 to 800,000		1,213,380				1,237,987



														Early		350,000 to 450,000		561,671				577,034

														Late		200,000 to 400,000		511,448				511,289

																Total		1,073,119				1,088,323				140,261		0		149,664





												Data range and productivity		Goal type		Goal range		Median yield

												1983 to 2013		Total run-new		450,000 to 800,000		1,336,250

												Average		Early + Late		550,000 to 850,000		1,284,077

																Difference		52,173



												1998 to 2013		Total run-new		450,000 to 800,000		1,202,269

												Low		Early + Late		550,000 to 850,000		1,039,895

																Difference		162,374



Yield analysis

Under a scenario managing for the new goal,  the range historically has provided better returns in periods of low productivity and comparable returns in periods of average productivity.



MSY

																												Expected yield

																														median				Probability				Zero yield

																												Early		650729				66				6%

																												Late		630016				65				1

																														1280745

																												Total		1336250				99				0

						Early																				late

																																												387		513

																																												266		364

																																												653		877		Combined

																																												714		816		Total run



Some assumptions:

MSY  assumes a constant harvest rate, but in reality there will be good and bad years that affect productivity and thus MSY. 

It is difficult to specify harvest effort without error and estimate model parameters.

Increases in harvest efficiency also make it difficult to accurately assess harvest rate.



Other considerations:

Fisheries with high harvest rates (>50%) have very little knowledge of carrying capacity.

Measuremetn error for fisheries with high harvest rates tend to bias reference point low.



Table4p_of_run_by_year_miles_ou

				year		Run timing		Genetics		diff_p		run		dis_count		gen_count		diff_count

		1		2006		0.54		0.578		-0.038		1638000		885000		947000		-62000

		2		2007		0.419		0.393		0.026		1490000		625000		586000		39000

		3		2008		0.558		0.448		0.11		1393000		777000		625000		152000

		4		2010		0.557		0.596		-0.039		2124000		1182000		1265000		-83000

		5		2011		0.759		0.805		-0.046		3251000		2467000		2617000		-150000

		6		2012		0.524		0.498		0.026		2513000		1316000		1252000		64000

		7		2013		0.677		0.657		0.02		3154000		2134000		2073000		61000

		8		2014		0.296		0.309		-0.013		1272000		376000		393000		-17000

		9		2015		0.298		0.437		-0.139		2676000		797000		1169000		-372000

		10		2016		0.536		0.543		-0.007		2167000		1161000		1178000		-17000

		11		2017		0.566		0.59		-0.024		1690000		956000		997000		-41000

		12		2018		0.339		0.479		-0.14		540000		183000		259000		-76000

		13		2019		0.321		0.273		0.048		1321000		424000		360000		64000



Early run apportionment by stock separation method



Genetics	2006	2007	2008	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0.57799999999999996	0.39300000000000002	0.44800000000000001	0.59599999999999997	0.80500000000000005	0.498	0.65700000000000003	0.309	0.437	0.54300000000000004	0.59	0.47899999999999998	0.27300000000000002	Run timing	0.54	0.41899999999999998	0.55800000000000005	0.55700000000000005	0.75900000000000001	0.52400000000000002	0.67700000000000005	0.29599999999999999	0.29799999999999999	0.53600000000000003	0.56599999999999995	0.33900000000000002	0.32100000000000001	Year





Proportion early run











RSmax



																																																S		R/S						dS		dR/S		dS/(dR/S)		>0 or <0 ?

																																																497000		2.7		0.0000054326				96000		0.1		0.0000010417		depensation

																																																437000		2.6		0.0000059497

																																																401000		2.6		0.0000064838

										Early				R		S						Avg				R		S

								Avg		a		1.548		10.9787234043		7.0921985816						a		1.6454325843		19.3229094508		11.7433613723																				314000		3.7		0.0000117834				-3000		1		-0.0003333333		compensation

										B		0.141										B		0.0851544944																								316000		3.1		0.0000098101

																																																317000		2.7		0.0000085174

														R		S

								Low		a		1.722		8.2788461538		4.8076923077						Low				R		S																				811000		3		0.0000036991				92000		0.5		0.0000054348		depensation

										B		0.208										a		1.8478456014		14.1785596209		7.6730218206																				754000		2.8		0.0000037135

																						B		0.1303267504																								719000		2.5		0.0000034771

										Late				R		S

								Avg		a		1.794		8.3441860465		4.6511627907

										B		0.215														R		S

																						a		3.1		38.75		12.5

														R		S						B		0.08

								Low		a		2.059		5.899713467		2.8653295129

										B		0.349

										Total				R		S

								Avg		a		1.651		20.3827160494		12.3456790123

										B		0.081

																								                                               

														R		S

								Low		a		1.982		13.9577464789		7.0422535211

										B		0.142





catch difference

																																								CMA only

				No Ig Sedm														new harvest																						Old		RTD		difference

																																						1986		1645834		1599823.3		46,011		0.027955857

		1986		1389172		152200.45		21539.35		3234.5		22181		11496				1599823.3																				1987		1898838		1847516.7		51,321		0.0270277401								1

		1987		1559757		239567.2		2794.9		10665.1		28262		6470.5				1847516.7																				1988		795841		718355.85		77,485		0.0973626013

		1988		529359		93103.8		24794.05		12849.5		46535		11714.5				718355.85																				1989		1159287		1158565.95		721		0.0006219771				889				0.094

		1989		1156191		2204		145.35		25.6		0		0				1158565.95																				1990		2093650		2005850.35		87,800		0.0419361641				981.2362030905

		1990		1400841		451401.05		86869.9		28969.9		26596		11172.5				2005850.35																				1991		1899294		1846009.5		53,285		0.0280548983								0.906

		1991		1490344		269914		29877.5		39412.5		9883		6578.5				1846009.5				1991		1040098		2376202.35671554				530192.856715543				0.2231261387				1992		1277449		1185945.9		91,503		0.0716295523

		1992		793548		260460.55		55756.45		6494.4		15002		54684.5				1185945.9				1992		764436		1521728				335782.1				0.2206584225				1993		1697351		1516037		181,314		0.1068217475

		1993		762777		403432.7		125736.3		128472.5		27025.5		68593				1516037				1993		697377		2125942.66521508				609905.665215076				0.2868871655				1994		1618973		1522524.5		96,449		0.059573878				0.9				0.076

		1994		908042		375406.75		169403.05		10969.7		32162.5		26540.5				1522524.5				1994		966909		2011552.7455087				489028.245508702				0.2431098298				1995		1724045		1605025.4		119,020		0.069035089

		1995		1083707		349140.2		45524		38624.2		39937		48093				1605025.4				1995		739920.701884989		1982661.52356903				377636.123569033				0.1904692854				1996		1958353		1844710.7		113,642		0.0580295279				987.7777777778				67.564

		1996		1003683		476306.25		230130.85		101898.6		23764.5		8927.5				1844710.7				1996		749137		2393203.55993633				548492.859936335				0.2291877169				1997		769683		721010.8		48,672		0.0632366832

		1997		406763		214954.6		65375.2		10325		22384		1209				721010.8				1997		775618		810371.489593296				89360.689593296				0.1102712654				1998		1054172		966950.85		87,221		0.0827390122

		1998		621868		198448.35		73739		15277.5		43970		13648				966950.85				1998		701128		1263771.51895396				296820.668953959				0.2348689336				1999		3116503		3024954.95		91,548		0.0293752485

		1999		2356122		441746.2		140213.35		52835.9		28929.5		5108				3024954.95				1999		715966		3746185				721230.05				0.1925238743				2000		1775225		1732426.05		42,799		0.0241090284

		2000		1327249		231857.95		109177.8		55431.8		7517		1192.5				1732426.05				2000		805225		2149987.01645144				417560.96645144				0.1942155758				2001		1511370		1468699.4		42,671		0.0282330601

		2001		1082074		238296.1		124767.3		14188.5		8836.5		537				1468699.4				2001		1136918		1777939.51773735				309240.117737353				0.1739317421				2002		1049182		1041599.6		7,582		0.0072269635

		2002		992385		37454.7		4694.9		2268		4712.5		84.5				1041599.6				2002		725220		1236025.81070958				194426.210709585				0.1572994747				2003		1097886		1076859		21,027		0.0191522617

		2003		997836		55240.6		5977.4		850.5		14534.5		2420				1076859				2003		684123		1170340.62818593				93481.628185926				0.0798755729				2004		702962		702952.95		9		0.0000128741

		2004		702781		171.95		0		0		0		0				702952.95				2004		578259		913336.087145115				210383.137145115				0.230345806				2005		1150769		1132436.05		18,333		0.0159310426

		2005		1037712		76505.4		4129.65		1		13963.5		124.5				1132436.05				2005		580457		1607388.74896147				474952.698961471				0.2954809154				2006		902442		861767.8		40,674		0.0450712622

		2006		726482		86497.5		11610.9		2392.4		34785		0				861767.8				2006		735492.601		1006551.90756024				144784.107560238				0.1438416702				2007		834262		752446.55		81,815		0.0980692516

		2007		545256		78788.2500000001		53089.8		15160		59744.5		408				752446.55				2007		654974		888709.076144454				136262.526144454				0.1533263582				2008		687270		645284.75		41,985		0.0610898919

		2008		527026		73232.65		5722.8		1139.5		34865.3		3298.5				645284.75				2008		706058.078149306		687269.921850694				41985.1718506939				0.0610897851				2009		1198012		1133016.75		64,995		0.0542525868

		2009		869813		152314.45		29716		14950		64280.8		1942.5				1133016.75				2009		720061.723091125		1376959.27690887				243942.526908875				0.177160306				2010		1378812		1294182.65		84,629		0.0613784548

		2010		846061		294090.55		58440.2		63837.7		30479.7		1273.5				1294182.65				2010		743911		1650161.3				355978.650000001				0.2157235478				2011		2496681		2402053.15		94,628		0.037901458

		2011		1649774		572526.05		64066.1		84162		20126		11399				2402053.15				2011		753817		3147745.61564806				745692.465648059				0.236897309				2012		1799608		1730128.8		69,479		0.0386079635

		2012		1122398		369445.5		126357.6		41567.2		70285.5		75				1730128.8				2012		712388		2251352.44063475				521223.640634745				0.2315157908				2013		2397497		2306693.75		90,803		0.0378741871

		2013		1602299		358568.95		195553.7		109060.4		38098.7		3113				2306693.75				2013		756101		2948757.73366732				642063.983667324				0.2177405001				2014		620333		459360.25		160,973		0.2594940943

		2014		208050		68780		26576.25		43		151307		4604				459360.25				2014		651609		620339.031475982				160978.781475982				0.2595012941				2015		1552416		1299055		253,361		0.1632043215

		2015		702656		284128.85		62558.45		3232.1		223434.1		23045.5				1299055				2015		1123897		1653383.86490091				354328.864900911				0.2143052635				2016		1393696		1226442.05		167,254		0.1200074837

		2016		741891		240657.8		71421.95		30027.8		102082		40361.5				1226442.05				2016		773175		1787350.84785128				560908.797851276				0.3138213175				2017		897381		738413.55		158,967		0.1771459948

		2017		351024		106762.9		64274.15		94137.4		76235.6		45979.5				738413.55				2017		792560		1059319.2344942				320905.684494197				0.3029357667				2018		128		64.9		63		0.49296875

		2018		0		1.9		0		0		0		63				64.9				2018		539697		128.3769				63.4769				0.4944573362				2019		638772		494406		144,366		0.2260055231

		2019		275304		68729.65		10158.35		21895.5		98195.5		20123				494406				2019		681994.640453692		638783.890641582				144377.890641582				0.2260199306				2020		0		0		0

		2020		0		0		0		0		0		0				0				2020		330978		0				0				0				2021		118810		92821		25,989		0.2187442135

		2021		63718		3287		0		98		24854		864				92821																						1247334.76666667		1165942.33666667		81392.43		0.0940317726

																																		0.2103529298



RTD	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	1599823.3	1847516.7	718355.85000000009	1158565.9500000002	2005850.3499999999	1846009.5	1185945.8999999997	1516037.0000000002	1522524.5	1605025.4000000001	1844710.7000000002	721010.79999999993	966950.84999999986	3024954.95	1732426.05	1468699.4000000001	1041599.6	1076859	702952.95	1132436.0499999998	861767.8	752446.55000000016	645284.75000000012	1133016.75	1294182.6499999997	2402053.1500000004	1730128.8	2306693.75	459360.25	1299055.0000000002	1226442.05	738413.55	64.900000000000006	494406	0	92821	difference	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	46010.699999999953	51321.300000000047	77485.149999999907	721.04999999981374	87799.65000000014	53284.5	91503.100000000326	181313.99999999977	96448.5	119019.59999999986	113642.29999999981	48672.20000000007	87221.15000000014	91548.049999999814	42798.949999999953	42670.59999999986	7582.4000000000233	21027	9.0500000000465661	18332.950000000186	40674.199999999953	81815.449999999837	41985.249999999884	64995.25	84629.350000000326	94627.849999999627	69479.199999999953	90803.25	160972.75	253360.99999999977	167253.94999999995	158967.44999999995	63.099999999999994	144366	0	25989	Old	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	1645834	1898838	795841	1159287	2093650	1899294	1277449	1697351	1618973	1724045	1958353	769683	1054172	3116503	1775225	1511370	1049182	1097886	702962	1150769	902442	834262	687270	1198012	1378812	2496681	1799608	2397497	620333	1552416	1393696	897381	128	638772	0	118810	
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Results
Chignik-bound yield

• Yield is similar 
during periods of 
average 
productivity

• Single-run goal 
provides greater 
yield during 
periods of low 
productivity

Estimated yield relative to escapement and productivity

Data range and 
productivity Goal type Goal range Median yield
1983 to 2013 Total run-new 450,000 to 800,000 1,336,250
Average Early + Late 550,000 to 850,000 1,284,077

Difference 52,173

1998 to 2013 Total run-new 450,000 to 800,000 1,202,269
Low Early + Late 550,000 to 850,000 1,039,895

Difference 162,374


Goal ranges

						50000

						100000				Late run

						150000				Current		recommended

						200000				200000		206000

						250000				300000		312000

						300000				400000		583000
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						450000				350000		284768

						500000				400000		427272

						550000				450000		787477
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						650000

						700000				550000		490768		500,668

						750000				700000		739272

						800000				850000		1370477		782087
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Late run



Current	Lower	 Midpoint	 Upper	200000	300000	400000	Simple Ricker	Lower	 Midpoint	 Upper	206000	312000	583000	







Early run

Current	Lower	 Midpoint	 Upper	350000	400000	450000	Simple Ricker	Lower	 Midpoint	 Upper	284768	427272	787477	







Comparison of goal ranges



Combined Current	 Midpoint	Lower	 Upper	550000	850000	Combined E + L	 Midpoint	Lower	 Upper	490768	1370477	Total run	 Midpoint	Lower	 Upper	500668	782087	









Yield

																		Yield

												Data range		Goal type		Goal range		Median				Mean

												1983 to 2013		Combined		550,000 to 850,000		1,257,209				1,264,550

														Total run-new		450,000 to 800,000		1,247,570				1,247,410				9,639		0		17,140



														Early		350,000 to 450,000		658,242				663,234

														Late		200,000 to 400,000		625,835				627,698

																Total		1,284,077				1,290,932				36,507		0		43,522





												1998 to 2013		Combined		550,000 to 850,000		1,165,941				1,179,948				47,439				58,039

														Total run-new		450,000 to 800,000		1,213,380				1,237,987



														Early		350,000 to 450,000		561,671				577,034

														Late		200,000 to 400,000		511,448				511,289

																Total		1,073,119				1,088,323				140,261		0		149,664





												Data range and productivity		Goal type		Goal range		Median yield

												1983 to 2013		Total run-new		450,000 to 800,000		1,336,250

												Average		Early + Late		550,000 to 850,000		1,284,077

																Difference		52,173



												1998 to 2013		Total run-new		450,000 to 800,000		1,202,269

												Low		Early + Late		550,000 to 850,000		1,039,895

																Difference		162,374



Yield analysis

Under a scenario managing for the new goal,  the range historically has provided better returns in periods of low productivity and comparable returns in periods of average productivity.



MSY

																												Expected yield

																														median				Probability				Zero yield

																												Early		650729				66				6%

																												Late		630016				65				1

																														1280745

																												Total		1336250				99				0

						Early																				late

																																												387		513

																																												266		364

																																												653		877		Combined

																																												714		816		Total run



Some assumptions:

MSY  assumes a constant harvest rate, but in reality there will be good and bad years that affect productivity and thus MSY. 

It is difficult to specify harvest effort without error and estimate model parameters.

Increases in harvest efficiency also make it difficult to accurately assess harvest rate.



Other considerations:

Fisheries with high harvest rates (>50%) have very little knowledge of carrying capacity.

Measuremetn error for fisheries with high harvest rates tend to bias reference point low.



Table4p_of_run_by_year_miles_ou

				year		Run timing		Genetics		diff_p		run		dis_count		gen_count		diff_count

		1		2006		0.54		0.578		-0.038		1638000		885000		947000		-62000

		2		2007		0.419		0.393		0.026		1490000		625000		586000		39000

		3		2008		0.558		0.448		0.11		1393000		777000		625000		152000

		4		2010		0.557		0.596		-0.039		2124000		1182000		1265000		-83000

		5		2011		0.759		0.805		-0.046		3251000		2467000		2617000		-150000

		6		2012		0.524		0.498		0.026		2513000		1316000		1252000		64000

		7		2013		0.677		0.657		0.02		3154000		2134000		2073000		61000

		8		2014		0.296		0.309		-0.013		1272000		376000		393000		-17000

		9		2015		0.298		0.437		-0.139		2676000		797000		1169000		-372000

		10		2016		0.536		0.543		-0.007		2167000		1161000		1178000		-17000

		11		2017		0.566		0.59		-0.024		1690000		956000		997000		-41000

		12		2018		0.339		0.479		-0.14		540000		183000		259000		-76000

		13		2019		0.321		0.273		0.048		1321000		424000		360000		64000



Early run apportionment by stock separation method



Genetics	2006	2007	2008	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0.57799999999999996	0.39300000000000002	0.44800000000000001	0.59599999999999997	0.80500000000000005	0.498	0.65700000000000003	0.309	0.437	0.54300000000000004	0.59	0.47899999999999998	0.27300000000000002	Run timing	0.54	0.41899999999999998	0.55800000000000005	0.55700000000000005	0.75900000000000001	0.52400000000000002	0.67700000000000005	0.29599999999999999	0.29799999999999999	0.53600000000000003	0.56599999999999995	0.33900000000000002	0.32100000000000001	Year





Proportion early run











RSmax



																																																S		R/S						dS		dR/S		dS/(dR/S)		>0 or <0 ?

																																																497000		2.7		0.0000054326				96000		0.1		0.0000010417		depensation

																																																437000		2.6		0.0000059497

																																																401000		2.6		0.0000064838

										Early				R		S						Avg				R		S

								Avg		a		1.548		10.9787234043		7.0921985816						a		1.6454325843		19.3229094508		11.7433613723																				314000		3.7		0.0000117834				-3000		1		-0.0003333333		compensation

										B		0.141										B		0.0851544944																								316000		3.1		0.0000098101

																																																317000		2.7		0.0000085174

														R		S

								Low		a		1.722		8.2788461538		4.8076923077						Low				R		S																				811000		3		0.0000036991				92000		0.5		0.0000054348		depensation

										B		0.208										a		1.8478456014		14.1785596209		7.6730218206																				754000		2.8		0.0000037135

																						B		0.1303267504																								719000		2.5		0.0000034771

										Late				R		S

								Avg		a		1.794		8.3441860465		4.6511627907

										B		0.215														R		S

																						a		3.1		38.75		12.5

														R		S						B		0.08

								Low		a		2.059		5.899713467		2.8653295129

										B		0.349

										Total				R		S

								Avg		a		1.651		20.3827160494		12.3456790123

										B		0.081

																								                                               

														R		S

								Low		a		1.982		13.9577464789		7.0422535211

										B		0.142





catch difference

																																								CMA only

				No Ig Sedm														new harvest																						Old		RTD		difference

																																						1986		1645834		1599823.3		46,011		0.027955857

		1986		1389172		152200.45		21539.35		3234.5		22181		11496				1599823.3																				1987		1898838		1847516.7		51,321		0.0270277401								1

		1987		1559757		239567.2		2794.9		10665.1		28262		6470.5				1847516.7																				1988		795841		718355.85		77,485		0.0973626013

		1988		529359		93103.8		24794.05		12849.5		46535		11714.5				718355.85																				1989		1159287		1158565.95		721		0.0006219771				889				0.094

		1989		1156191		2204		145.35		25.6		0		0				1158565.95																				1990		2093650		2005850.35		87,800		0.0419361641				981.2362030905

		1990		1400841		451401.05		86869.9		28969.9		26596		11172.5				2005850.35																				1991		1899294		1846009.5		53,285		0.0280548983								0.906

		1991		1490344		269914		29877.5		39412.5		9883		6578.5				1846009.5				1991		1040098		2376202.35671554				530192.856715543				0.2231261387				1992		1277449		1185945.9		91,503		0.0716295523

		1992		793548		260460.55		55756.45		6494.4		15002		54684.5				1185945.9				1992		764436		1521728				335782.1				0.2206584225				1993		1697351		1516037		181,314		0.1068217475

		1993		762777		403432.7		125736.3		128472.5		27025.5		68593				1516037				1993		697377		2125942.66521508				609905.665215076				0.2868871655				1994		1618973		1522524.5		96,449		0.059573878				0.9				0.076

		1994		908042		375406.75		169403.05		10969.7		32162.5		26540.5				1522524.5				1994		966909		2011552.7455087				489028.245508702				0.2431098298				1995		1724045		1605025.4		119,020		0.069035089

		1995		1083707		349140.2		45524		38624.2		39937		48093				1605025.4				1995		739920.701884989		1982661.52356903				377636.123569033				0.1904692854				1996		1958353		1844710.7		113,642		0.0580295279				987.7777777778				67.564

		1996		1003683		476306.25		230130.85		101898.6		23764.5		8927.5				1844710.7				1996		749137		2393203.55993633				548492.859936335				0.2291877169				1997		769683		721010.8		48,672		0.0632366832

		1997		406763		214954.6		65375.2		10325		22384		1209				721010.8				1997		775618		810371.489593296				89360.689593296				0.1102712654				1998		1054172		966950.85		87,221		0.0827390122

		1998		621868		198448.35		73739		15277.5		43970		13648				966950.85				1998		701128		1263771.51895396				296820.668953959				0.2348689336				1999		3116503		3024954.95		91,548		0.0293752485

		1999		2356122		441746.2		140213.35		52835.9		28929.5		5108				3024954.95				1999		715966		3746185				721230.05				0.1925238743				2000		1775225		1732426.05		42,799		0.0241090284

		2000		1327249		231857.95		109177.8		55431.8		7517		1192.5				1732426.05				2000		805225		2149987.01645144				417560.96645144				0.1942155758				2001		1511370		1468699.4		42,671		0.0282330601

		2001		1082074		238296.1		124767.3		14188.5		8836.5		537				1468699.4				2001		1136918		1777939.51773735				309240.117737353				0.1739317421				2002		1049182		1041599.6		7,582		0.0072269635

		2002		992385		37454.7		4694.9		2268		4712.5		84.5				1041599.6				2002		725220		1236025.81070958				194426.210709585				0.1572994747				2003		1097886		1076859		21,027		0.0191522617

		2003		997836		55240.6		5977.4		850.5		14534.5		2420				1076859				2003		684123		1170340.62818593				93481.628185926				0.0798755729				2004		702962		702952.95		9		0.0000128741

		2004		702781		171.95		0		0		0		0				702952.95				2004		578259		913336.087145115				210383.137145115				0.230345806				2005		1150769		1132436.05		18,333		0.0159310426

		2005		1037712		76505.4		4129.65		1		13963.5		124.5				1132436.05				2005		580457		1607388.74896147				474952.698961471				0.2954809154				2006		902442		861767.8		40,674		0.0450712622

		2006		726482		86497.5		11610.9		2392.4		34785		0				861767.8				2006		735492.601		1006551.90756024				144784.107560238				0.1438416702				2007		834262		752446.55		81,815		0.0980692516

		2007		545256		78788.2500000001		53089.8		15160		59744.5		408				752446.55				2007		654974		888709.076144454				136262.526144454				0.1533263582				2008		687270		645284.75		41,985		0.0610898919

		2008		527026		73232.65		5722.8		1139.5		34865.3		3298.5				645284.75				2008		706058.078149306		687269.921850694				41985.1718506939				0.0610897851				2009		1198012		1133016.75		64,995		0.0542525868

		2009		869813		152314.45		29716		14950		64280.8		1942.5				1133016.75				2009		720061.723091125		1376959.27690887				243942.526908875				0.177160306				2010		1378812		1294182.65		84,629		0.0613784548

		2010		846061		294090.55		58440.2		63837.7		30479.7		1273.5				1294182.65				2010		743911		1650161.3				355978.650000001				0.2157235478				2011		2496681		2402053.15		94,628		0.037901458

		2011		1649774		572526.05		64066.1		84162		20126		11399				2402053.15				2011		753817		3147745.61564806				745692.465648059				0.236897309				2012		1799608		1730128.8		69,479		0.0386079635

		2012		1122398		369445.5		126357.6		41567.2		70285.5		75				1730128.8				2012		712388		2251352.44063475				521223.640634745				0.2315157908				2013		2397497		2306693.75		90,803		0.0378741871

		2013		1602299		358568.95		195553.7		109060.4		38098.7		3113				2306693.75				2013		756101		2948757.73366732				642063.983667324				0.2177405001				2014		620333		459360.25		160,973		0.2594940943

		2014		208050		68780		26576.25		43		151307		4604				459360.25				2014		651609		620339.031475982				160978.781475982				0.2595012941				2015		1552416		1299055		253,361		0.1632043215

		2015		702656		284128.85		62558.45		3232.1		223434.1		23045.5				1299055				2015		1123897		1653383.86490091				354328.864900911				0.2143052635				2016		1393696		1226442.05		167,254		0.1200074837

		2016		741891		240657.8		71421.95		30027.8		102082		40361.5				1226442.05				2016		773175		1787350.84785128				560908.797851276				0.3138213175				2017		897381		738413.55		158,967		0.1771459948

		2017		351024		106762.9		64274.15		94137.4		76235.6		45979.5				738413.55				2017		792560		1059319.2344942				320905.684494197				0.3029357667				2018		128		64.9		63		0.49296875

		2018		0		1.9		0		0		0		63				64.9				2018		539697		128.3769				63.4769				0.4944573362				2019		638772		494406		144,366		0.2260055231

		2019		275304		68729.65		10158.35		21895.5		98195.5		20123				494406				2019		681994.640453692		638783.890641582				144377.890641582				0.2260199306				2020		0		0		0

		2020		0		0		0		0		0		0				0				2020		330978		0				0				0				2021		118810		92821		25,989		0.2187442135

		2021		63718		3287		0		98		24854		864				92821																						1247334.76666667		1165942.33666667		81392.43		0.0940317726

																																		0.2103529298



RTD	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	1599823.3	1847516.7	718355.85000000009	1158565.9500000002	2005850.3499999999	1846009.5	1185945.8999999997	1516037.0000000002	1522524.5	1605025.4000000001	1844710.7000000002	721010.79999999993	966950.84999999986	3024954.95	1732426.05	1468699.4000000001	1041599.6	1076859	702952.95	1132436.0499999998	861767.8	752446.55000000016	645284.75000000012	1133016.75	1294182.6499999997	2402053.1500000004	1730128.8	2306693.75	459360.25	1299055.0000000002	1226442.05	738413.55	64.900000000000006	494406	0	92821	difference	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	46010.699999999953	51321.300000000047	77485.149999999907	721.04999999981374	87799.65000000014	53284.5	91503.100000000326	181313.99999999977	96448.5	119019.59999999986	113642.29999999981	48672.20000000007	87221.15000000014	91548.049999999814	42798.949999999953	42670.59999999986	7582.4000000000233	21027	9.0500000000465661	18332.950000000186	40674.199999999953	81815.449999999837	41985.249999999884	64995.25	84629.350000000326	94627.849999999627	69479.199999999953	90803.25	160972.75	253360.99999999977	167253.94999999995	158967.44999999995	63.099999999999994	144366	0	25989	Old	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	1645834	1898838	795841	1159287	2093650	1899294	1277449	1697351	1618973	1724045	1958353	769683	1054172	3116503	1775225	1511370	1049182	1097886	702962	1150769	902442	834262	687270	1198012	1378812	2496681	1799608	2397497	620333	1552416	1393696	897381	128	638772	0	118810	
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Results
Chignik-bound yield

• Yield is similar 
during periods of 
average 
productivity

• Single-run goal 
provides greater 
yield during 
periods of low 
productivity

Estimated yield relative to escapement and productivity

Data range and 
productivity Goal type Goal range Median yield
1983 to 2013 Total run-new 450,000 to 800,000 1,336,250
Average Early + Late 550,000 to 850,000 1,284,077

Difference 52,173

1998 to 2013 Total run-new 450,000 to 800,000 1,202,269
Low Early + Late 550,000 to 850,000 1,039,895

Difference 162,374


Goal ranges

						50000

						100000				Late run

						150000				Current		recommended

						200000				200000		206000

						250000				300000		312000
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						450000				350000		284768

						500000				400000		427272

						550000				450000		787477
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						650000

						700000				550000		490768		500,668

						750000				700000		739272

						800000				850000		1370477		782087
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Late run



Current	Lower	 Midpoint	 Upper	200000	300000	400000	Simple Ricker	Lower	 Midpoint	 Upper	206000	312000	583000	







Early run

Current	Lower	 Midpoint	 Upper	350000	400000	450000	Simple Ricker	Lower	 Midpoint	 Upper	284768	427272	787477	







Comparison of goal ranges



Combined Current	 Midpoint	Lower	 Upper	550000	850000	Combined E + L	 Midpoint	Lower	 Upper	490768	1370477	Total run	 Midpoint	Lower	 Upper	500668	782087	









Yield

																		Yield

												Data range		Goal type		Goal range		Median				Mean

												1983 to 2013		Combined		550,000 to 850,000		1,257,209				1,264,550

														Total run-new		450,000 to 800,000		1,247,570				1,247,410				9,639		0		17,140



														Early		350,000 to 450,000		658,242				663,234

														Late		200,000 to 400,000		625,835				627,698

																Total		1,284,077				1,290,932				36,507		0		43,522





												1998 to 2013		Combined		550,000 to 850,000		1,165,941				1,179,948				47,439				58,039

														Total run-new		450,000 to 800,000		1,213,380				1,237,987



														Early		350,000 to 450,000		561,671				577,034

														Late		200,000 to 400,000		511,448				511,289

																Total		1,073,119				1,088,323				140,261		0		149,664





												Data range and productivity		Goal type		Goal range		Median yield

												1983 to 2013		Total run-new		450,000 to 800,000		1,336,250

												Average		Early + Late		550,000 to 850,000		1,284,077

																Difference		52,173



												1998 to 2013		Total run-new		450,000 to 800,000		1,202,269

												Low		Early + Late		550,000 to 850,000		1,039,895

																Difference		162,374



Yield analysis

Under a scenario managing for the new goal,  the range historically has provided better returns in periods of low productivity and comparable returns in periods of average productivity.



MSY

																												Expected yield

																														median				Probability				Zero yield

																												Early		650729				66				6%

																												Late		630016				65				1

																														1280745

																												Total		1336250				99				0

						Early																				late

																																												387		513

																																												266		364

																																												653		877		Combined

																																												714		816		Total run



Some assumptions:

MSY  assumes a constant harvest rate, but in reality there will be good and bad years that affect productivity and thus MSY. 

It is difficult to specify harvest effort without error and estimate model parameters.

Increases in harvest efficiency also make it difficult to accurately assess harvest rate.



Other considerations:

Fisheries with high harvest rates (>50%) have very little knowledge of carrying capacity.

Measuremetn error for fisheries with high harvest rates tend to bias reference point low.



Table4p_of_run_by_year_miles_ou

				year		Run timing		Genetics		diff_p		run		dis_count		gen_count		diff_count

		1		2006		0.54		0.578		-0.038		1638000		885000		947000		-62000

		2		2007		0.419		0.393		0.026		1490000		625000		586000		39000

		3		2008		0.558		0.448		0.11		1393000		777000		625000		152000

		4		2010		0.557		0.596		-0.039		2124000		1182000		1265000		-83000

		5		2011		0.759		0.805		-0.046		3251000		2467000		2617000		-150000

		6		2012		0.524		0.498		0.026		2513000		1316000		1252000		64000

		7		2013		0.677		0.657		0.02		3154000		2134000		2073000		61000

		8		2014		0.296		0.309		-0.013		1272000		376000		393000		-17000

		9		2015		0.298		0.437		-0.139		2676000		797000		1169000		-372000

		10		2016		0.536		0.543		-0.007		2167000		1161000		1178000		-17000

		11		2017		0.566		0.59		-0.024		1690000		956000		997000		-41000

		12		2018		0.339		0.479		-0.14		540000		183000		259000		-76000

		13		2019		0.321		0.273		0.048		1321000		424000		360000		64000



Early run apportionment by stock separation method



Genetics	2006	2007	2008	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0.57799999999999996	0.39300000000000002	0.44800000000000001	0.59599999999999997	0.80500000000000005	0.498	0.65700000000000003	0.309	0.437	0.54300000000000004	0.59	0.47899999999999998	0.27300000000000002	Run timing	0.54	0.41899999999999998	0.55800000000000005	0.55700000000000005	0.75900000000000001	0.52400000000000002	0.67700000000000005	0.29599999999999999	0.29799999999999999	0.53600000000000003	0.56599999999999995	0.33900000000000002	0.32100000000000001	Year





Proportion early run











RSmax



																																																S		R/S						dS		dR/S		dS/(dR/S)		>0 or <0 ?

																																																497000		2.7		0.0000054326				96000		0.1		0.0000010417		depensation

																																																437000		2.6		0.0000059497

																																																401000		2.6		0.0000064838

										Early				R		S						Avg				R		S

								Avg		a		1.548		10.9787234043		7.0921985816						a		1.6454325843		19.3229094508		11.7433613723																				314000		3.7		0.0000117834				-3000		1		-0.0003333333		compensation

										B		0.141										B		0.0851544944																								316000		3.1		0.0000098101

																																																317000		2.7		0.0000085174

														R		S

								Low		a		1.722		8.2788461538		4.8076923077						Low				R		S																				811000		3		0.0000036991				92000		0.5		0.0000054348		depensation

										B		0.208										a		1.8478456014		14.1785596209		7.6730218206																				754000		2.8		0.0000037135

																						B		0.1303267504																								719000		2.5		0.0000034771

										Late				R		S

								Avg		a		1.794		8.3441860465		4.6511627907

										B		0.215														R		S

																						a		3.1		38.75		12.5

														R		S						B		0.08

								Low		a		2.059		5.899713467		2.8653295129

										B		0.349

										Total				R		S

								Avg		a		1.651		20.3827160494		12.3456790123

										B		0.081

																								                                               

														R		S

								Low		a		1.982		13.9577464789		7.0422535211

										B		0.142





catch difference

																																								CMA only

				No Ig Sedm														new harvest																						Old		RTD		difference

																																						1986		1645834		1599823.3		46,011		0.027955857

		1986		1389172		152200.45		21539.35		3234.5		22181		11496				1599823.3																				1987		1898838		1847516.7		51,321		0.0270277401								1

		1987		1559757		239567.2		2794.9		10665.1		28262		6470.5				1847516.7																				1988		795841		718355.85		77,485		0.0973626013

		1988		529359		93103.8		24794.05		12849.5		46535		11714.5				718355.85																				1989		1159287		1158565.95		721		0.0006219771				889				0.094

		1989		1156191		2204		145.35		25.6		0		0				1158565.95																				1990		2093650		2005850.35		87,800		0.0419361641				981.2362030905

		1990		1400841		451401.05		86869.9		28969.9		26596		11172.5				2005850.35																				1991		1899294		1846009.5		53,285		0.0280548983								0.906

		1991		1490344		269914		29877.5		39412.5		9883		6578.5				1846009.5				1991		1040098		2376202.35671554				530192.856715543				0.2231261387				1992		1277449		1185945.9		91,503		0.0716295523

		1992		793548		260460.55		55756.45		6494.4		15002		54684.5				1185945.9				1992		764436		1521728				335782.1				0.2206584225				1993		1697351		1516037		181,314		0.1068217475

		1993		762777		403432.7		125736.3		128472.5		27025.5		68593				1516037				1993		697377		2125942.66521508				609905.665215076				0.2868871655				1994		1618973		1522524.5		96,449		0.059573878				0.9				0.076

		1994		908042		375406.75		169403.05		10969.7		32162.5		26540.5				1522524.5				1994		966909		2011552.7455087				489028.245508702				0.2431098298				1995		1724045		1605025.4		119,020		0.069035089

		1995		1083707		349140.2		45524		38624.2		39937		48093				1605025.4				1995		739920.701884989		1982661.52356903				377636.123569033				0.1904692854				1996		1958353		1844710.7		113,642		0.0580295279				987.7777777778				67.564

		1996		1003683		476306.25		230130.85		101898.6		23764.5		8927.5				1844710.7				1996		749137		2393203.55993633				548492.859936335				0.2291877169				1997		769683		721010.8		48,672		0.0632366832

		1997		406763		214954.6		65375.2		10325		22384		1209				721010.8				1997		775618		810371.489593296				89360.689593296				0.1102712654				1998		1054172		966950.85		87,221		0.0827390122

		1998		621868		198448.35		73739		15277.5		43970		13648				966950.85				1998		701128		1263771.51895396				296820.668953959				0.2348689336				1999		3116503		3024954.95		91,548		0.0293752485

		1999		2356122		441746.2		140213.35		52835.9		28929.5		5108				3024954.95				1999		715966		3746185				721230.05				0.1925238743				2000		1775225		1732426.05		42,799		0.0241090284

		2000		1327249		231857.95		109177.8		55431.8		7517		1192.5				1732426.05				2000		805225		2149987.01645144				417560.96645144				0.1942155758				2001		1511370		1468699.4		42,671		0.0282330601

		2001		1082074		238296.1		124767.3		14188.5		8836.5		537				1468699.4				2001		1136918		1777939.51773735				309240.117737353				0.1739317421				2002		1049182		1041599.6		7,582		0.0072269635

		2002		992385		37454.7		4694.9		2268		4712.5		84.5				1041599.6				2002		725220		1236025.81070958				194426.210709585				0.1572994747				2003		1097886		1076859		21,027		0.0191522617

		2003		997836		55240.6		5977.4		850.5		14534.5		2420				1076859				2003		684123		1170340.62818593				93481.628185926				0.0798755729				2004		702962		702952.95		9		0.0000128741

		2004		702781		171.95		0		0		0		0				702952.95				2004		578259		913336.087145115				210383.137145115				0.230345806				2005		1150769		1132436.05		18,333		0.0159310426

		2005		1037712		76505.4		4129.65		1		13963.5		124.5				1132436.05				2005		580457		1607388.74896147				474952.698961471				0.2954809154				2006		902442		861767.8		40,674		0.0450712622

		2006		726482		86497.5		11610.9		2392.4		34785		0				861767.8				2006		735492.601		1006551.90756024				144784.107560238				0.1438416702				2007		834262		752446.55		81,815		0.0980692516

		2007		545256		78788.2500000001		53089.8		15160		59744.5		408				752446.55				2007		654974		888709.076144454				136262.526144454				0.1533263582				2008		687270		645284.75		41,985		0.0610898919

		2008		527026		73232.65		5722.8		1139.5		34865.3		3298.5				645284.75				2008		706058.078149306		687269.921850694				41985.1718506939				0.0610897851				2009		1198012		1133016.75		64,995		0.0542525868

		2009		869813		152314.45		29716		14950		64280.8		1942.5				1133016.75				2009		720061.723091125		1376959.27690887				243942.526908875				0.177160306				2010		1378812		1294182.65		84,629		0.0613784548

		2010		846061		294090.55		58440.2		63837.7		30479.7		1273.5				1294182.65				2010		743911		1650161.3				355978.650000001				0.2157235478				2011		2496681		2402053.15		94,628		0.037901458

		2011		1649774		572526.05		64066.1		84162		20126		11399				2402053.15				2011		753817		3147745.61564806				745692.465648059				0.236897309				2012		1799608		1730128.8		69,479		0.0386079635

		2012		1122398		369445.5		126357.6		41567.2		70285.5		75				1730128.8				2012		712388		2251352.44063475				521223.640634745				0.2315157908				2013		2397497		2306693.75		90,803		0.0378741871

		2013		1602299		358568.95		195553.7		109060.4		38098.7		3113				2306693.75				2013		756101		2948757.73366732				642063.983667324				0.2177405001				2014		620333		459360.25		160,973		0.2594940943

		2014		208050		68780		26576.25		43		151307		4604				459360.25				2014		651609		620339.031475982				160978.781475982				0.2595012941				2015		1552416		1299055		253,361		0.1632043215

		2015		702656		284128.85		62558.45		3232.1		223434.1		23045.5				1299055				2015		1123897		1653383.86490091				354328.864900911				0.2143052635				2016		1393696		1226442.05		167,254		0.1200074837

		2016		741891		240657.8		71421.95		30027.8		102082		40361.5				1226442.05				2016		773175		1787350.84785128				560908.797851276				0.3138213175				2017		897381		738413.55		158,967		0.1771459948

		2017		351024		106762.9		64274.15		94137.4		76235.6		45979.5				738413.55				2017		792560		1059319.2344942				320905.684494197				0.3029357667				2018		128		64.9		63		0.49296875

		2018		0		1.9		0		0		0		63				64.9				2018		539697		128.3769				63.4769				0.4944573362				2019		638772		494406		144,366		0.2260055231

		2019		275304		68729.65		10158.35		21895.5		98195.5		20123				494406				2019		681994.640453692		638783.890641582				144377.890641582				0.2260199306				2020		0		0		0

		2020		0		0		0		0		0		0				0				2020		330978		0				0				0				2021		118810		92821		25,989		0.2187442135

		2021		63718		3287		0		98		24854		864				92821																						1247334.76666667		1165942.33666667		81392.43		0.0940317726

																																		0.2103529298
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Considerations

48

Management

• Objectives based on 
historical run timing 
from years with 
genetic stock ID (2006 
-2008, 2010-2021)

• Same management 
tools (ASL data, aerial 
surveys, observed 
abundance, etc..)
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