Willamette/Lower Columbia Salmonid Viability Criteria

Appendix G: Exploration of Recruits-per-Spawner Analysis


[image: image15.wmf]Hockey-stick

0

50

100

150

200

250

300

350

400

1

1.1

1.2

1.3

1.4

Intrinsic growth rate

Minimum size (carrying capacity - 

spawners)

0.2

0.4

0.6

0.8

APPENDIX G

EXPLORATION OF 
RECRUITS PER SPAWNER ANALYSIS

Paul McElhany

National Marine Fisheries Service, Northwest Fisheries Science Center

John Payne, University of Washington

Overview 

All models are wrong, some are useful.

—Box 1976

A generic approach for identifying a viable productivity-abundance criterion involves estimating extinction risk using a population dynamics model and determining the threshold where productivity and abundance parameters just yield an acceptable risk. The results of this sort of analysis can be plotted in a “viability curve,” where every point on the curve represents a productivity-abundance combination with identical extinction risk (Figure G.1). A key issue in developing a specific method from this generic approach is defining the form of the population dynamics model used to estimate extinction risk. In Table G.1, we describe a number of relatively simple population dynamics models that have been applied to salmon and could potentially be used to estimate extinction risk. Many of these models are discussed in Hilborn and Walters (1992).
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All of these models except the “constant recruitment” model involve projecting the number of recruits as a stochastic function of the number of spawners. The constant recruitment model assumes that recruitment fluctuates stochastically around some fixed value, regardless of the number of spawners. In addition to a parameter describing the variation in the spawner-recruit relationship, some of the models include additional terms, such as carrying capacity or marine survival. It is important to emphasize that recruitment curves describe an average relationship between recruits and spawners from which individual years will surely deviate, and to reiterate the point made in the opening quote of this appendix, none of the models in Table G.1 describes the true relationship between recruits and spawners. The challenge is determining whether any of them may be useful for setting viability criteria. We return to this point in the section below on model selection. 

Table G.1 Population dynamics models proposed for salmon populations. 

	Model Number
	Model Name
	Equationa

	Model 0
	Random walk
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	Model 1
	Random walk with drift; stochastic exponential growth or decline
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	Model 2
	Constant recruitment
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	Model 3
	Stochastic hockey stick; stochastic exponential growth with a ceiling
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	Model 4
	Ricker; stochastic logistic
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	Model 5
	Beverton-Holt
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	Model 6
	Ricker juvenile production with given marine survival
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a In the equations, 

St   = 
the number of spawners 

R   = 
the number of recruits

Z   = 
a unit normal random variable 

#  = 
the standard deviation of the process error

a# and b# = equation-specific parameters, with the a# parameter relating in some way to “intrinsic productivity” and the b# parameter relating in some way to “capacity” 

c6  = 
a marine survival parameter; the a6 and b6 parameters in this equation relate to the production of juvenile outmigrants from spawners

Viability Curves
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In Figures G.2 to G.5, we present several viability curves associated with the recruitment functions in Table G.1. The extinction risk associated with any particular parameter combination for a given model is found by simulating a large number of population trajectories and counting the fraction of trajectories that drop below the quasi-extinction risk threshold within the given time horizon. The intrinsic productivity axis in the curves refers to the number of recruits per spawner at very low (approaching 0) abundance. Exactly how the intrinsic productivity value relates to extinction risk depends on the specific form of the population dynamics model. In all the models, the intrinsic productivity provides an indication of population resilience, which is the tendency of the population to return toward an equilibrium value if perturbed to low abundance. The abundance axis in the curves refers to the point estimate equilibrium abundance. The initial population size for the population trajectories was the equilibrium (or mean equilibrium) abundance value for the Beverton-Holt and Ricker curves, and the carrying capacity for the hockey-stick curve. The shape of the viability curve was found by a grid search of the parameter space to identify productivity-abundance combinations with equivalent risk. This meant varying the productivity, capacity, and process error variance parameters (i.e., the a, b and σ2 parameters in Table G.1) and fixing all other parameters. In addition to the equilibrium abundance, the figures show the viability curves in terms of the “carrying capacity.” The carrying capacity has different biological interpretations for the different models, so they are not directly comparable. However, the shape of these capacity curves is informative. 

A common feature of all the viability curves we have examined is that as the intrinsic productivity parameter exceeds about 1.1, the number of spawners needed for a viable population (i.e., a population that has a risk of less than 5% of declining to a four-year average of 50 fish in 100 years) declines to a few hundred fish. For the example, Ricker and Beverton-Holt curves in Figures G.3 and G.4, the viable equilibrium abundance is less than 200 spawners and relatively constant as long as the intrinsic productivity parameter is above 1. The parameter that varies more substantially in these models is the carrying capacity parameter, although it is a parameter we can never directly observe. If a population can be demonstrated to have an intrinsic productivity substantially above 1, the actual abundance of the population becomes much less relevant. A resilient population will likely be viable, even if it is very small. 
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Figure G.4 Viability curves based on Ricker recruitment function. The different curves are for different levels of environmental variability. The viability curves were generated for a semelparous population where the average percentages of individuals spawning at a given age are: age 1 = 0%, age 2 = 1%, age 3 = 19%, age 4 = 57%, and age 5 = 23%. This life-history structure is typical of that observed for chinook salmon. The solid lines show equilibrium abundance, and the dashed lines show the value of the “capacity” parameter in the Ricker function. Every point on a curve has the same extinction probability. In this example, the extinction probability is a 5% probability of declining to a four-year average of 50 spawners in 100 years.
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Figure G.5 Viability curves based on Ricker recruitment function for juvenile outmigrants with a cycle in marine survival. The different curves are for different levels of environmental variability. The viability curves were generated for a semelparous population where the average percentages of individuals spawning at a given age are: age 1 = 0%, age 2 = 1%, age 3 = 19%, age 4 = 57%, and age 5 = 23%. This life-history structure is typical of that observed for chinook salmon. The intrinsic productivity refers to the production of juvenile outmigrants. The ocean cycle in survival was a sine wave of 40 years’ length with a mean survival of 0.05 and an amplitude of 0.03, beginning in year 0 of the cycle. The solid lines show equilibrium abundance of spawners, and the dashed lines show the value of the “capacity” parameter in the Ricker function for juveniles. Every point on a curve has the same extinction probability. In this example, the extinction probability is a 5% probability of declining to a four-year average of 50 spawners in 100 years.

Estimating Intrinsic Productivity 

A key to evaluating a population’s viability of using this approach is to estimate the intrinsic productivity. One of the great challenges with this general approach is determining which model, if any, might be appropriate for estimating intrinsic productivity. We can potentially look to existing abundance time series to determine which of the potential models is the “best approximating model” for this purpose (Burnham and Anderson 1998). Figure G.6 is an example of a spawner abundance time series. With information about the age structure of the population (and in some cases, numbers of hatchery spawners), it is possible to estimate how many recruits were naturally produced from each year’s spawning (Figure G.7). To determine which of the proposed model forms may be useful as approximating models for setting criteria, parameters for each model were estimated from available time series and the models were statistically compared (e.g., Figure G.8). Formal model selection analysis has been relatively rare in fisheries management, and models are often adopted without adequate consideration of the alternatives. 
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Figure G.6 Lower Columbia Gorge tributary chum salmon spawner abundance. 

Figure G.7 Lower Columbia Gorge tributary chum salmon recruits versus spawners.
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Figure G.8 Recruitment curves for lower Columbia Gorge tributary chum salmon. 

Comparing Models

A number of different approaches exist for evaluating the relative utility of nonnested models. Among these approaches, the Aikake Information Criterion (AIC) method (Akaike 1973) addresses the question that is most relevant; i.e., how much do each of the models differ from the “true” process (Burnham and Anderson 1998). The AIC is a standard statistical measure of how well a model fits a data set, given a parameter set and assumptions about the error distribution. It is useful because it penalizes models in proportion to the number of parameters they have, without which we would not be able to compare larger models with smaller models. We used a version of the AIC that is corrected for small sample sizes: AICc = 2(-ln(L)) + (2p + 2*p*(p+1))/(n-p-1) (Burnham and Anderson 1998).

Other methods that can be used to select among models include likelihood ratio tests and comparing R2 values associated with each model. In addition, several tests have been developed specifically to detect density dependence in abundance time series (e.g., Dennis and Taper 1994, Bulmer 1975, Pollard et al. 1987, Ruesink 2000, Shenk et al. 1998). All these methods are conceptually different from the AIC approach and have fundamental theoretical limitations. In our analysis, we have concentrated on the AIC evaluation. 

We have estimated parameters for all available WLC spawner data sets for models 0–5 in Table G.1, then calculated AICc difference values to identify the best approximating models. The results are in Table G.2a-g. There are no fixed thresholds for interpreting the AIC difference values, but there are some general rules of thumb (Burnham and Anderson 1998). The AICc difference value for the best model is 0. If the AIC difference between the best model and the model with the lowest AIC is less than 2, then the second model provides a very good approximation relative to the best model, and the models might be given equal consideration. If the AIC difference value is greater than 10, the model is not a very good approximating model relative to the best model and is not very well supported by the data. If the AIC difference is between 2 and 10, the interpretation is less clear, and the biology of the situation and the question being asked should drive how the model is considered. 

For 20 of 32 populations examined, the best approximating model identified using the AIC method was the constant recruitment model (Figure G.9). The Ricker model was identified as the best approximating model for six populations, but for four of them the AIC difference value for the constant recruitment model was less than 2, and either the Beverton-Holt or the hockey-stick models were also within 2, so the models are approximately equally good. For 12 of the 32 populations, at least one of the density-dependent recruitment models (i.e., hockey-stick, Ricker, or Beverton-Holt) had a low AIC difference value and could be considered a contender as the best approximating model (Figure G.10). The constant recruitment model is interesting because it is the only model examined that assumes there is no relationship between the number of spawners and the number of recruits; the number of recruits is assumed to fluctuate around a constant value. The constant recruitment model is biologically implausible if extrapolated to very low spawner numbers because at the extreme, zero spawners must yield zero recruits. However, the fact that this model was selected as the best approximating model suggests that there is little data in the range of very low abundance to exclusively support one of the models that explicitly includes a relationship between spawners and recruits. Because there are few data at low abundance, there is very little information from which to estimate the intrinsic productivity. This is also reflected in the large confidence intervals on the intrinsic productivity estimates of individual models. The ability to estimate intrinsic productivity as evaluated by the model selection analysis does not seem to improve with increased length of the time series (Figures G.11 and G.12). 

 Table G.2.a Lower Columbia River late-fall (bright) chinook salmon population parameter estimates and model comparison. Except as noted, recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery- origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural-origin spawners.) Exceptions to these spawner and recruit definitions occur because of data limitations.

	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	Lewis River
	Random walk
	
	
	0.86

(0.61-1.11)
	37.50
	10.82

	
	Constant

recruitment
	
	19,769

(15,086-24,451)
	0.48

(0.23-0.73)
	27.24
	0.56

	
	Random walk with trend
	1.5

(1.08-2.1)
	
	0.73

(0.35-0.98)
	36.13
	9.44

	
	Hockey-stick
	2.4

(1.8-3.6)
	19,769

(15,086-26,012)
	0.48

(0.23-0.73)
	30.41
	3.73

	
	Ricker
	6.9

(3.3-15)
	22,890

(19,769-33,816)
	0.48

(0.23-0.61)
	26.69
	0.00

	
	Beverton-Holt
	25

(5.1-25)
	21,329

(16,647-32,255)
	0.48

(0.23-0.73)
	30.99
	4.30

	Sandy Riverb 
	Random walk
	
	
	0.73

(0.48-0.86)
	17.21
	0.00

	
	Constant

recruitment
	
	753

(506-1,247)
	0.73

(0.35-0.98)
	22.62
	5.40

	
	Random walk with trend
	0.94

(0.6-1.4)
	
	0.73

(0.35-0.73)
	21.37
	4.15

	
	Hockey-stick
	1.15

(0.6-2.7)
	918

(588-1,494)
	0.61

(0.35-0.73)
	28.11
	10.90

	
	Ricker
	1.08

(0.65-12)
	2,564

(671-2,564)
	0.73

(0.23-0.73)
	28.34
	11.13

	
	Beverton-Holt
	1.4

(0.75-25)
	2,564

(835-2,564)
	0.73

(0.35-0.86)
	28.41
	11.20


a 
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference <2 are highlighted in light gray. 

b 
Recruits based on natural-origin escapement, not preharvest.

Table G.2.b Lower Columbia River spring chinook salmon population parameter estimates and model comparison. Except as noted, recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery-origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural- origin spawners.) Exceptions to these spawner and recruit definitions occur because of data limitations.

	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	Cowlitz Riverb 
	Random walk
	
	
	0.73

(0.61-0.86)
	35.68
	23.23

	
	Constant

recruitment
	
	315

(262-351)
	0.35

(0.23-0.35)
	12.45
	0.00

	
	Random walk with trend
	1.15

(0.85-1.5)
	
	0.73

(0.48-0.86)
	37.95
	25.50

	
	Hockey-stick
	3.3

(2.1-3.6)
	315

(262-351)
	0.35

(0.23-0.35)
	15.62
	3.17

	
	Ricker
	2.1

(1.5-3.9)
	422

(333-511)
	0.48

(0.35-0.48)
	26.60
	14.15

	
	Beverton-Holt
	25

(4.5-25)
	333

(280-422)
	0.35

(0.23-0.35)
	15.79
	3.34


a 
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference <2 are highlighted in light gray.

b 
Recruits based on natural-origin escapement, not preharvest.

Table G.2.c Lower Columbia River fall chinook salmon population parameter estimates and model comparison. Except as noted, recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery-origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural -origin spawners). Exceptions to these spawner and recruit definitions occur because of data limitations.

	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	Big White Salmon
	Random walk
	
	
	1.62

(1.24-1.87)
	58.53
	20.18

	
	Constant 

recruitment
	
	901

(732-1,238)
	0.73

(0.48-0.86)
	38.35
	0.00

	
	Random walk with trend
	3

(1.8-5.1)
	
	1.11

(0.86-1.24)
	50.42
	12.07

	
	Hockey-stick
	6.9

(3.6-9.9)
	1,069

(732-1,743)
	0.73

(0.48-0.86)
	40.39
	2.04

	
	Ricker
	6.9

(4.5-11)
	1,575

(1,069-2,248)
	0.73

(0.48-0.86)
	41.00
	2.66

	
	Beverton-Holt
	19

(6.6-25)
	1,238

(901-2,080)
	0.73

(0.48-0.86)
	40.54
	2.19

	Coweeman River
	Random walk
	
	
	2.12

(1.74-2.37)
	62.37
	31.30

	
	Constant 

recruitment
	
	994

(734-1,254)
	0.61

(0.48-0.73)
	31.07
	0.00

	
	Random walk with trend
	6

(3.6-9.3)
	
	1.11

(0.48-1.36)
	46.21
	15.14

	
	Hockey-stick
	11

(7.8-25)
	1,254

(864-1,774)
	0.61

(0.35-0.61)
	32.97
	1.90

	
	Ricker
	13

(9.6-20)
	1,644

(1,254-2,294)
	0.61

(0.35-0.61)
	31.15
	0.08

	
	Beverton-Holt
	25

(13-25)
	1,384

(994-2,684)
	0.61

(0.35-0.73)
	32.76
	1.69

	Cowlitz River
	Random walk
	
	
	1.24

(0.48-1.74)
	44.25
	12.16

	
	Constant 

recruitment
	
	1,377

(872-2,051)
	0.86

(0.48-0.98)
	36.87
	4.78

	
	Random walk with trend
	0.6

(0.6-0.96)
	
	1.11

(0.48-1.49)
	44.74
	12.65

	
	Hockey-stick
	1

(0.75-1.8)
	1,545

(1,040-2,388)
	0.86

(0.35-0.98)
	39.72
	7.64

	
	Ricker
	3.9

(1.5-8.4)
	2,051

(1,545-3,566)
	0.61

(0.23-0.73)
	32.08
	0.00

	
	Beverton-Holt
	25

(1.8-25)
	1,545

(1,040-3,735)
	0.86

(0.35-0.98)
	40.42
	8.33


Table G.2.c cont.

	East Fork Lewis River
	Random walk
	
	
	0.86

(0.61-1.11)
	37.28
	14.33

	
	Constant 

recruitment
	
	573

(460-686)
	0.48

(0.35-0.61)
	22.95
	0.00

	
	Random walk with trend
	1.8

(1.4-2.4)
	
	0.61

(0.35-0.73)
	30.96
	8.01

	
	Hockey-stick
	3

(1.8-3.9)
	573

(460-686)
	0.48

(0.23-0.48)
	25.10
	2.15

	
	Ricker
	5.1

(2.7-9.9)
	630

(517-799)
	0.48

(0.23-0.61)
	26.03
	3.09

	
	Beverton-Holt
	15

(3.3-25)
	630

(517-1,025)
	0.48

(0.35-0.61)
	25.98
	3.03

	Elochoman River
	Random walk
	
	
	1.36

(1.11-1.62)
	51.04
	12.38

	
	Constant 

recruitment
	
	626

(432-819)
	0.86

(0.61-0.98)
	38.66
	0.00

	
	Random walk with trend
	1.8

(0.94-3)
	
	1.24

(0.86-1.62)
	51.44
	12.78

	
	Hockey-stick
	9.9

(1.8-10.5)
	626

(432-1,109)
	0.86

(0.61-0.86)
	41.97
	3.31

	
	Ricker
	4.5

(2.7-6.9)
	1013

(723-1,496)
	0.73

(0.48-0.86)
	39.51
	0.85

	
	Beverton-Holt
	25

(3.6-25)
	626

(432-1,496)
	0.86

(0.61-0.86)
	41.88
	3.22

	Grays River
	Random walk
	
	
	1.49

(1.24-1.62)
	55.62
	0.00

	
	Constant 

recruitment
	
	371

(141-716)
	1.49

(1.24-1.74)
	60.11
	4.49

	
	Random walk with trend
	1.3

(0.7-2.1)
	
	1.36

(1.11-1.62)
	57.87
	2.26

	
	Hockey-stick
	2.1

(1.08-9.6)
	716

(371-1,176)
	1.24

(0.98-1.36)
	57.27
	1.65

	
	Ricker
	3

(1.2-7.2)
	601

(371-1,865)
	1.24

(0.86-1.36)
	57.14
	1.53

	
	Beverton-Holt
	3.9

(1.3-12)
	716

(371-3,359)
	1.24

(0.98-1.36)
	57.50
	1.89

	Kalama River
	Random walk
	
	
	1.36

(0.98-1.74)
	51.46
	12.57

	
	Constant 

recruitment
	
	7369

(4,917-9,821)
	0.86

(0.48-0.98)
	38.88
	0.00

	
	Random walk with trend
	1.5

(0.85-3)
	
	1.36

(0.86-1.62)
	52.54
	13.66


Table G.2.c cont.
	
	Hockey-stick
	6

(1.8-9.3)
	7,369

(4,917-9,821)
	0.86

(0.48-0.98)
	42.19
	3.31

	
	Ricker
	3.9

(2.4-9.3)
	9,821

(7,369-14,724)
	0.86

(0.61-0.98)
	44.49
	5.60

	
	Beverton-Holt
	25

(6.9-25)
	7,369

(4,917-11,047)
	0.86

(0.61-0.98)
	42.59
	3.70

	Mill Creek
	Random walk
	
	
	1.11

(0.86-1.36)
	45.87
	4.91

	
	Constant 

recruitment
	
	2,465

(1,389-3,542)
	0.86

(0.48-1.11)
	40.96
	0.00

	
	Random walk with trend
	1.5

(0.92-2.4)
	
	1.11

(0.73-1.24)
	46.60
	5.65

	
	Hockey-stick
	5.1

(1.2-11)
	2,465

(1,748-4,618)
	0.86

(0.48-0.98)
	44.27
	3.31

	
	Ricker
	3.3

(1.5-7.2)
	3,183

(2,465-5,695)
	0.86

(0.48-1.11)
	44.61
	3.65

	
	Beverton-Holt
	12

(1.8-25)
	2,824

(2,107-10,001)
	0.86

(0.61-0.98)
	44.12
	3.16

	Washougal River
	Random walk
	
	
	1.11

(0.73-1.36)
	44.61
	9.86

	
	Constant 

recruitment
	
	2,692

(2,000-3,383)
	0.73

(0.35-0.86)
	34.75
	0.00

	
	Random walk with trend
	1.2

(0.7-1.8)
	
	1.11

(0.73-1.36)
	47.07
	12.32

	
	Hockey-stick
	8.4

(1.4-12)
	2,692

(2,000-3,729)
	0.73

(0.35-0.86)
	38.06
	3.31

	
	Ricker
	8.1

(3.6-16)
	4,075

(3,037-5,458)
	0.73

(0.35-0.86)
	37.34
	2.59

	
	Beverton-Holt
	25

(25-25)
	2,692

(2,000-4,075)
	0.73

(0.35-0.86)
	38.68
	3.93

	Wind Riverbb
	Random walk
	
	
	1.99

(1.24-2.5)
	44.95
	14.79

	
	Constant

recruitment
	
	208

(112-351)
	1.11

(0.61-1.49)
	36.52
	6.36

	
	Random walk

with trend
	1.4

(0.6-3.9)
	
	1.99

(1.24-2.5)
	47.87
	17.72

	
	Hockey-stick
	20

(2.1-20)
	255

(112-446)
	1.11

(0.48-1.49)
	40.07
	9.91

	
	Ricker
	18

(9.9-25)
	780

(494-1,018)
	0.61

(0.23-0.86)
	30.16
	0.00


Table G.2.c cont.
	
	Beverton-Holt
	25

(25-25)
	255

(112-494)
	1.11

(0.48-1.49)
	40.46
	10.31

	Clackamas Rivercc

	Random walk
	
	
	0.86

(0.73-1.11)
	68.84
	22.66

	
	Constant

recruitment
	
	447

(387-568)
	0.61

(0.48-0.61)
	46.18
	0.00

	
	Random walk

with trend
	1.02

(0.75-1.4)
	
	0.86

(0.73-1.11)
	71.19
	25.01

	
	Hockey-stick
	2.7

(1.5-3.9)
	508

(387-568)
	0.61

(0.35-0.61)
	48.09
	1.91

	
	Ricker
	3.3

(2.1-5.1)
	568

(508-750)
	0.61

(0.35-0.61)
	47.76
	1.57

	
	Beverton-Holt
	20

(4.2-25)
	508

(447-629)
	0.61

(0.48-0.61)
	48.85
	2.66


a 
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference <2 are highlighted in light gray. 

b 
Recruits based on natural-origin escapement, not preharvest.

c 
Recruits based on natural-origin escapement, not preharvest. Spawners based on total spawners, and the fraction of hatchery-origin is unknown.

Table G.2.d Lower Columbia River winter steelhead population parameter estimates and model comparison. Except as noted, recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery-origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural-origin spawners.) Exceptions to these spawner and recruit definitions occur because of data limitations.

	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	East Fork Lewis Riverbb 


	Random walk
	
	
	0.98

(0.73-1.11)
	14.83
	3.19

	
	Constant

recruitment
	
	86

(82-88)
	0.23

(0.23-0.23)
	11.64
	0.00

	
	Random walk with trend
	0.6

(0.6-0.6)
	
	0.48

(0.23-0.61)
	21.15
	9.51

	
	Hockey-stick
	0.6

(0.6-1.08)
	86

(82-90)
	0.23

(0.23-0.23)
	Infinity
	Infinity

	
	Ricker
	1.02

(0.65-1.4)
	90

(84-95)
	0.23

(0.23-0.23)
	Infinity
	Infinity

	
	Beverton-Holt
	3.9

(1.02-25)
	95

(84-132)
	0.23

(0.23-0.23)
	Infinity
	Infinity

	Clackamas River


	Random walk
	
	
	1.24

(1.11-1.36)
	126.10
	66.06

	
	Constant

recruitment
	
	4,152

(3,696-5,063)
	0.48

(0.35-0.61)
	60.04
	0.00

	
	Random walk with trend
	2.7

(2.4-3.3)
	
	0.73

(0.61-0.73)
	82.57
	22.53

	
	Hockey-stick
	7.5

(3.3-7.8)
	4,152

(3,696-5,063)
	0.48

(0.35-0.61)
	62.41
	2.36

	
	Ricker
	6.6

(4.5-9.6)
	5,063

(4,152-5,518)
	0.48

(0.35-0.61)
	66.14
	6.10

	
	Beverton-Holt
	25

(8.1-25)
	5,063

(4,152-6,429)
	0.48

(0.35-0.61)
	62.93
	2.89

	Kalama River
	Random walk
	
	
	0.61

(0.48-0.86)
	40.55
	5.90

	
	Constant

recruitment
	
	1,108

(952-1,419)
	0.48

(0.35-0.61)
	34.65
	0.00

	
	Random walk with trend
	0.88

(0.7-1.15)
	
	0.61

(0.48-0.73)
	42.04
	7.40

	
	Hockey-stick
	2.4

(0.85-2.4)
	1,108

(952-1,574)
	0.48

(0.35-0.61)
	37.50
	2.85

	
	Ricker
	2.1

(1.15-3.3)
	1,263

(1,108-1,729)
	0.48

(0.35-0.61)
	36.70
	2.05

	
	Beverton-Holt
	5.1

(1.4-25)
	1,419

(1,108-2,817)
	0.48

(0.35-0.61)
	36.79
	2.15


Table G.2.d cont.







	North Fork Toutle


	Random walk
	
	
	1.11

(0.35-1.74)
	23.54
	9.18

	
	Constant

recruitment
	
	173

(131-214)
	0.35

(0.23-0.48)
	14.36
	0.00

	
	Random walk with trend
	1.8

(1.1-3.3)
	
	0.86

(0.23-1.24)
	25.07
	10.71

	
	Hockey-stick
	9.6

(1.5-18)
	173

(142-225)
	0.35

(0.23-0.48)
	21.36
	7.00

	
	Ricker
	4.5

(2.1-11)
	235

(183-359)
	0.61

(0.23-0.73)
	26.47
	12.11

	
	Beverton-Holt
	25

(2.4-25)
	183

(162-370)
	0.35

(0.23-0.61)
	21.63
	7.27

	South Fork Toutle
	Random walk
	
	
	0.48

(0.23-0.73)
	10.71
	0.00

	
	Constant

recruitment
	
	1,526

(1,224-1,828)
	0.35

(0.23-0.35)
	12.07
	1.36

	
	Random walk with trend
	0.94

(0.7-1.3)
	
	0.48

(0.23-0.61)
	17.31
	6.59

	
	Hockey-stick
	1.8

(0.7-20)
	1,526

(1,299-1,903)
	0.35

(0.23-0.35)
	32.07
	21.36

	
	Ricker
	3.9

(0.83-9.9)
	1,677

(1,526-3,186)
	0.35

(0.23-0.35)
	33.07
	22.36

	
	Beverton-Holt
	25

(1.15-25)
	1,526

(1,375-3,186)
	0.35

(0.23-0.35)
	32.22
	21.51

	Sandy River


	Random walk
	
	
	0.23

(0.23-0.35)
	4.92
	8.98

	
	Constant

recruitment
	
	2,696

(2,616-2,855)
	0.23

(0.23-0.23)
	-4.07
	0.00

	
	Random walk with trend
	0.96

(0.83-1.08)
	
	0.23

(0.23-0.35)
	7.64
	11.71

	
	Hockey-stick
	1.3

(1.15-2.7)
	2,775

(2,616-2,855)
	0.23

(0.23-0.23)
	0.01
	4.08

	
	Ricker
	2.7

(2.4-3.9)
	2,775

(2,696-3,014)
	0.23

(0.23-0.23)
	0.07
	4.14

	
	Beverton-Holt
	25

(7.8-25)
	2,855

(2,696-3,173)
	0.23

(0.23-0.23)
	0.27
	4.33


a 
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference <2 are highlighted in light gray.

b 
Recruits based on natural-origin escapement, not preharvest.

Table G.2.e Lower Columbia River summer steelhead population parameter estimates and model comparison. Recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery-origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural-origin spawners.) 

	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	Kalama River
	Random walk
	
	
	1.49

(1.24-1.87)
	76.34
	26.72

	
	Constant

recruitment
	
	906

(687-1,343)
	0.73

(0.61-0.86)
	49.63
	0.00

	
	Random walk with trend
	0.6

(0.6-0.6)
	
	1.24

(0.86-1.49)
	68.72
	19.09

	
	Hockey-stick
	0.8

(0.6-2.7)
	906

(687-1,343)
	0.73

(0.48-0.86)
	52.42
	2.79

	
	Ricker
	0.65

(0.6-1.3)
	1,343

(906-1,781)
	0.86

(0.61-0.98)
	55.69
	6.06

	
	Beverton-Holt
	5.1

(0.83-25)
	1,125

(906-1,562)
	0.73

(0.48-0.86)
	52.48
	2.85

	Washougal River
	Random walk
	
	
	0.61

(0.48-0.61)
	20.84
	7.45

	
	Constant

recruitment
	
	178

(151-218)
	0.35

(0.23-0.48)
	13.39
	0.00

	
	Random walk with trend
	0.8

(0.6-1.04)
	
	0.48

(0.23-0.61)
	21.87
	8.48

	
	Hockey-stick
	1.8

(0.7-8.7)
	178

(151-272)
	0.35

(0.23-0.48)
	17.32
	3.93

	
	Ricker
	1.8

(0.92-3)
	205

(178-299)
	0.35

(0.23-0.48)
	19.62
	6.23

	
	Beverton-Holt
	7.2

(1.1-25)
	205

(164-489)
	0.35

(0.23-0.35)
	17.16
	3.77

	Wind River
	Random walk
	
	
	0.48

(0.35-0.61)
	13.88
	11.19

	
	Constant recruitment
	
	486

(419-587)
	0.35

(0.23-0.35)
	11.50
	8.81

	
	Random walk with trend
	0.65

(0.6-0.7)
	
	0.23

(0.23-0.23)
	2.69
	0.00

	
	Hockey-stick
	0.65

(0.6-0.75)
	855

(486-855)
	0.23

(0.23-0.23)
	7.82
	5.12

	
	Ricker
	0.75

(0.65-0.9)
	1,290

(1,089-1,290)
	0.23

(0.23-0.23)
	8.20
	5.50

	
	Beverton-Holt
	1.02

(0.85-1.3)
	1,290

(1,290-1,290)
	0.23

(0.23-0.23)
	9.63
	6.93


a 
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference < 2 are highlighted in light gray. 

Table G.2.f Columbia River chum salmon population parameter estimates and model comparison. Recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery-origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural-origin spawners.) 
	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	Grays Riverb

	Random walk
	
	
	1.11

(0.86-1.49)
	84.72
	14.88

	
	Constant

recruitment
	
	402

(319-569)
	0.86

(0.61-0.98)
	69.85
	0.00

	
	Random walk with trend
	1.3

(0.94-1.8)
	
	1.11

(0.73-1.36)
	85.37
	15.52

	
	Hockey-stick
	25

(1.15-25)
	402

(319-1,069)
	0.86

(0.61-0.98)
	72.44
	2.59

	
	Ricker
	2.1

(1.4-4.2)
	819

(569-1,152)
	0.98

(0.73-1.24)
	82.29
	12.45

	
	Beverton-Holt
	25

(1.8-25)
	485

(402-1,152)
	0.86

(0.61-0.98)
	72.38
	2.53

	Hardy Creek
	Random walk
	
	
	1.49

(1.11-1.99)
	145.19
	51.33

	
	Constant

recruitment
	
	180

(149-212)
	0.73

(0.61-0.98)
	93.86
	0.00

	
	Random walk with trend
	1.4

(0.96-2.1)
	
	1.49

(1.11-1.87)
	145.21
	51.35

	
	Hockey-stick
	25

(7.8-25)
	180

(149-244)
	0.86

(0.61-0.98)
	103.63
	9.77

	
	Ricker
	4.5

(2.4-7.8)
	338

(244-433)
	1.11

(0.86-1.49)
	127.56
	33.70

	
	Beverton-Holt
	25

(9-25)
	212

(149-244)
	0.86

(0.61-0.98)
	103.57
	9.71

	Lower Gorge
	Random walk
	
	
	2.12

(1.36-2.5)
	227.65
	100.53

	
	Constant

recruitment
	
	474

(383-565)
	0.73

(0.61-0.98)
	127.12
	0.00

	
	Random walk with trend
	1.5

(0.96-2.4)
	
	2.12

(1.36-2.5)
	227.97
	100.85

	
	Hockey-stick
	25

(25-25)
	383

(383-474)
	1.24

(0.73-1.49)
	172.21
	45.10

	
	Ricker
	6.3

(3.3-16)
	929

(656-1,658)
	1.62

(0.98-1.99)
	200.54
	73.42

	
	Beverton-Holt
	25

(25-25)
	474

(383-565)
	1.24

(0.73-1.49)
	173.15
	46.03


 a
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference < 2 are highlighted in light gray. 

Table G.2.g Upper Willamette River spring chinook salmon population parameter estimates and model comparison. Except as noted, recruits are based on estimates of preharvest natural-origin fish, and spawners are based on the estimate of natural-origin spawners plus half of the hatchery-origin spawners (hatchery-origin spawners are assumed to have lower reproductive success than natural-origin spawners.) Exceptions to these spawner and recruit definitions occur because of data limitations.

	Population
	Modela
	a
	b
	2
	AICc
	Relative AICc

	Clackamas Riverc
	Random walk
	
	
	0.73

(0.61-0.86)
	92.86
	11.27

	
	Constant

recruitment
	
	1,238

(1,036-1,440)
	0.86

(0.73-0.98)
	102.00
	20.41

	
	Random walk with trend
	1.2

(0.99-1.5)
	
	0.73

(0.61-0.86)
	92.90
	11.31

	
	Hockey-stick
	1.5

(1.2-2.1)
	2,250

(1,845-2,655)
	0.61

(0.48-0.73)
	82.03
	0.43

	
	Ricker
	2.1

(1.5-2.7)
	2,048

(1,845-2,858)
	0.61

(0.48-0.73)
	81.59
	0.00

	
	Beverton-Holt
	2.1

(1.5-3.3)
	3,465

(2,453-5,287)
	0.61

(0.48-0.73)
	82.67
	1.08

	McKenzie Riverc
	Random walk
	
	
	0.86

(0.61-0.98)
	65.10
	24.05

	
	Constant

recruitment
	
	2,242

(1,984-2,760)
	0.48

(0.35-0.61)
	41.05
	0.00

	
	Random walk with trend
	0.94

(0.75-1.3)
	
	0.86

(0.61-0.98)
	67.34
	26.28

	
	Hockey-stick
	3

(1.3-9.6)
	2,242

(1,984-2,760)
	0.48

(0.35-0.61)
	43.62
	2.57

	
	Ricker
	2.7

(1.8-4.5)
	2,760

(2,242-3,278)
	0.61

(0.35-0.61)
	50.62
	9.56

	
	Beverton-Holt
	25

(5.1-25)
	2,242

(1,984-3,019)
	0.48

(0.35-0.61)
	44.62
	3.57


a 
The a, b, and 2 parameters for each model are described in Table G.1. The 95% confidence intervals on the parameter estimated are shown in parentheses. The AICc best approximating model for each population is highlighted in dark gray, and any models with an AICc difference <2 are highlighted in light gray.
c 
Recruits based on natural-origin escapement, not preharvest. Spawners based on total spawners, and the fraction of hatchery-origin is unknown.
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Figure G.11 Best model as a function of the number of years of spawner-recruit data (see Table G.2).
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Figure G.12 Best model and near-best models as a function of the number of years of spawner-recruit data (see Table G.2). Models considered near best had AIC difference values less than 2.

Model Section Using Simulated Data

Although the observed data do not provide much information about the exact value of intrinsic productivity in a population, the selection of the constant recruitment model does suggest on the surface that productivity is greater than 1 and that the population is simply showing random fluctuations around a carrying capacity. However, this conclusion may be overly optimistic. We simulated a number of population trajectories using a hockey-stick model with an intrinsic productivity of 1. The populations were started substantially below the ceiling, so the trajectories were basically a random walk with an upper bound. We then calculated the recruits-per-spawner values from the trajectories, calculated parameters for the six models, and applied the AIC model selection approach (Figures G.11). In most of these examples, the best approximating model was either the constant recruitment model or the random-walk model. We speculate that the constant recruitment model is commonly selected as the best model because a short time series that samples a random-walk process appears as a cloud of points on a spawner-recruit graph. In the absence of data at very low (or very high) spawner numbers, the data are likely to fit a constant recruitment model. This is particularly true if the there is any sort of population ceiling that leads to a flattening of the spawner-recruit cloud. 
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Figure G.11 Frequency of models selected as the best approximating model for simulated population trajectories. We simulated 100 25-year population trajectories with a hockey-stick model with an initial population size of 5,000, carrying capacity of 50,000, intrinsic productivity of 1, with log-normal process error (normal distribution mean = 0 and variance = 0.6). The variance of 0.6 is similar to that observed for Willamette/Lower Columbia populations (see Table G.2). The viability curves were generated for a semelparous population where the average percentages of individuals spawning at a given age are: age 1 = 0%, age 2 = 1%, age 3 = 19%, age 4 = 57%, and age 5 = 23%. This life-history structure is typical to that observed for chinook salmon. 

Conclusions 

Analysis of both the WLC populations and simulated trajectories suggest that the adult recruits-per-spawner data typically available for salmon populations will be inadequate to estimate intrinsic productivity. The lack of data at small spawner abundances make recruit curve–based productivity estimates highly uncertain. 

Recruitment models are a foundation of harvest modeling and have been proposed as metrics for viability criteria. Before applying these models, it is important to have a solid understanding of the uncertainties involved in parameter estimation and model selection. 
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Figure G.1 Conceptual graph of the relationship between productivity, population size, and extinction risk. The curve in the figure represents combinations of size and productivity that just exactly have the acceptable extinction risk.





Figure G.2 Viability curves based on hockey-stick recruitment function. The different curves are for different levels of environmental variability. The viability curves were generated for a semelparous population where the average percentages of individuals spawning at a given age are: age 1 = 0%, age 2 = 1%, age 3 = 19%, age 4 = 57%, and age 5 = 23%. This life-history structure is typical of that observed for chinook salmon. In this model, the equilibrium abundance is the carrying capacity. Every point on a curve has the same extinction probability. In this example, the extinction probability is a 5% probability of declining to a four-year average of 50 spawners in 100 years. 
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Figure G.3 Viability curves based on Beverton-Holt recruitment function. The different curves are for different levels of environmental variability. The viability curves were generated for a semelparous population where the average percentages of individuals spawning at a given age are: age 1 = 0%, age 2 = 1%, age 3 = 19%, age 4 = 57%, and age 5 = 23%. This life-history structure is typical of that observed for chinook salmon. The solid lines show equilibrium abundance and the dashed lines show the value of the “capacity” parameter in the Beverton-Holt function. Every point on a curve has the same extinction probability. In this example, the extinction probability is a 5% probability of declining to a four-year average of 50 spawners in 100 years.
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Figure G.9 Frequency of recruitment models selected as the best approximate models for 32 Willamette and Lower Columbia salmon populations. Models were selected using relative AICc method (see Table G.2). 
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Figure G.10 Frequency of recruitment models selected as the best or near-best approximate models for 32 Willamette and Lower Columbia salmon populations. Models selected using relative AICc methods. Models considered near best had AIC difference values less than 2 (see Table G.2).
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		The program fitted 6 spawner-recruit curves to the data by a grid search over the parameter intervals given,

		and estimated 5.0 percent confidence intervals using two methods: 1) non-parametric

		bootstrap (2 pseudo-samples), and 2) Bayesian posteriors, given the priors entered.

		A log-normal likelihood was used to fit observed recruits to predicted recruits.

		Models fitted to the data:

		1		Random walk		R = S*exp(V), V~N(0,s2)

		2		Constant recruitment		R = maxR*exp(V), V~N(0,s2)

		3		Rand. walk w/trend		R = a*S*exp(V), V~N(0,s2)

		4		Hockey-Stick		R = min(a*S,Rmax)*exp(V), V~N(0,s2)

		5		Ricker		R = (aS*exp(-bS))*exp(V), V~N(0,s2), where b=a/(exp(1)*Rmax)

		6		Beverton-Holt		R = (aS/(1+aS/b))*exp(V), V~N(0,s2), where b=Rmax

		Parameter ranges for grid search:

		Parameter		From		To		Number of intervals

		Variance		0.1		1.4		20

		Intrinsic productivity		0.1		6		30

		Carrying capacity		10		500		30

		Priors

		Parameter		Type		Minimum		Maximum		Mean		Std. Dev.

		Variance		Uniform		0.1		3

		Intrinsic productivity		Uniform		0.1		10

		Carrying capacity		Uniform		10		1500

		SUMMARY TABLE

		Model		Parameter		Method		MLE		Lower CI		Upper CI		AIC		AICc		AIC relative to best model

		Random walk		Variance		Bootstrap		1.0578947368		0.9894736842		1.0578947368		77.904406393		77.904406393		32.8181426084

		Random walk		Variance		Bayesian		1.0578947368		0.8526315789		1.3315789474

		Constant recruitment		Variance		Bootstrap		0.5105263158		0.4421052632		0.5105263158		45.0862637845		45.0862637845		0

		Constant recruitment		Variance		Bayesian		0.5105263158		0.4421052632		0.7157894737

		Constant recruitment		Carrying Capacity		Bootstrap		195.8620689655		178.9655172414		195.8620689655

		Constant recruitment		Carrying Capacity		Bayesian		195.8620689655		162.0689655172		229.6551724138

		Rand. walk w/trend		Variance		Bootstrap		0.9894736842		0.9210526316		0.9894736842		79.001260743		79.001260743		33.9149969585

		Rand. walk w/trend		Variance		Bayesian		1.0578947368		0.8526315789		1.3315789474

		Rand. walk w/trend		Intrinsic Productivity		Bootstrap		1.3206896552		1.1172413793		1.3206896552

		Rand. walk w/trend		Intrinsic Productivity		Bayesian		1.3206896552		0.9137931034		1.9310344828

		Hockey-Stick		Variance		Bootstrap		0.6473684211		0.4421052632		0.6473684211		55.9876516867		56.9876516867		11.9013879022

		Hockey-Stick		Variance		Bayesian		0.6473684211		0.5789473684		0.9210526316

		Hockey-Stick		Intrinsic Productivity		Bootstrap		6		6		6

		Hockey-Stick		Intrinsic Productivity		Bayesian		6		3.3551724138		6

		Hockey-Stick		Carrying Capacity		Bootstrap		26.8965517241		26.8965517241		26.8965517241

		Hockey-Stick		Carrying Capacity		Bayesian		43.7931034483		26.8965517241		60.6896551724

		Ricker		Variance		Bootstrap		0.7842105263		0.7157894737		0.7842105263		68.4000813011		69.4000813011		24.3138175166

		Ricker		Variance		Bayesian		0.8526315789		0.7157894737		1.1263157895

		Ricker		Intrinsic Productivity		Bootstrap		2.7448275862		2.1344827586		2.7448275862

		Ricker		Intrinsic Productivity		Bayesian		2.5413793103		1.7275862069		4.575862069

		Ricker		Carrying Capacity		Bootstrap		280.3448275862		246.5517241379		280.3448275862

		Ricker		Carrying Capacity		Bayesian		280.3448275862		229.6551724138		432.4137931034

		Beverton-Holt		Variance		Bootstrap		0.6473684211		0.6473684211		0.7157894737		56.040110057		57.040110057		11.9538462725

		Beverton-Holt		Variance		Bayesian		0.6473684211		0.5789473684		0.9210526316

		Beverton-Holt		Intrinsic Productivity		Bootstrap		6		6		6

		Beverton-Holt		Intrinsic Productivity		Bayesian		6		3.5586206897		6

		Beverton-Holt		Carrying Capacity		Bootstrap		246.5517241379		246.5517241379		314.1379310345

		Beverton-Holt		Carrying Capacity		Bayesian		246.5517241379		195.8620689655		364.8275862069

		Parameter Distributions

				Random walk		Random walk		Constant recruitment		Constant recruitment		Rand. walk w/trend		Rand. walk w/trend		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Process Error Variance		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		0.1		0		0		0		5.12E-137		0		0		0		1.85E-201		0		0		0		1.34E-202

		0.1684210526		0		4.52E-191		0		3.13E-39		0		4.91E-184		0		3.90E-61		0		1.04E-107		0		9.31E-62

		0.2368421053		0		3.15E-88		0		3.75E-15		0		6.21E-85		0		1.31E-25		0		6.68E-48		0		6.36E-26

		0.3052631579		0		1.19E-47		0		1.29E-06		0		7.46E-46		0		2.39E-12		0		9.56E-25		0		1.69E-12

		0.3736842105		0		4.46E-28		0		0.0039345059		0		5.06E-27		0		2.10E-06		0		7.17E-14		0		1.69E-06

		0.4421052632		0		1.87E-17		0.5		0.1054339503		0		8.17E-17		0.5		0.0016049905		0		3.49E-08		0		0.0013688824

		0.5105263158		0		3.02E-11		0.5		0.3136882861		0		7.46E-11		0		0.0410227878		0		5.01E-05		0		0.0365550112

		0.5789473684		0		1.92E-07		0		0.3082772473		0		3.33E-07		0		0.1745927534		0		0.0031468223		0		0.1626995198

		0.6473684211		0		4.79E-05		0		0.1686623433		0		6.61E-05		0.5		0.2725547994		0		0.0325406449		0.5		0.2656250549

		0.7157894737		0		0.0016025916		0		0.0672858726		0		0.0019168247		0		0.2373689931		0.5		0.1126611146		0.5		0.2412103601

		0.7842105263		0		0.01472891		0		0.022684656		0		0.0160766447		0		0.1460247667		0.5		0.1955475865		0		0.1538288676

		0.8526315789		0		0.0571843933		0		0.0070295699		0		0.0590046472		0		0.0729088985		0		0.2166433136		0		0.0790002558

		0.9210526316		0		0.1231456024		0		0.0021032292		0.5		0.1230584759		0		0.0321556422		0		0.1780815524		0		0.0355156802

		0.9894736842		0.5		0.1757424948		0		6.26E-04		0.5		0.172989833		0		0.0132102771		0		0.1196844599		0		0.0147318098

		1.0578947368		0.5		0.1873321896		0		1.88E-04		0		0.1838550067		0		0.0052301545		0		0.070145479		0		0.005833388

		1.1263157895		0		0.1619626772		0		5.80E-05		0		0.1598888862		0		0.0020401076		0		0.037458671		0		0.0022551934

		1.1947368421		0		0.1203496288		0		1.84E-05		0		0.1202785424		0		7.95E-04		0		0.0187895738		0		8.64E-04

		1.2631578947		0		0.0801127575		0		6.00E-06		0		0.081442546		0		3.13E-04		0		0.009045258		0		3.32E-04

		1.3315789474		0		0.049233034		0		2.03E-06		0		0.0510910277		0		1.25E-04		0		0.0042435611		0		1.28E-04

		1.4		0		0.0285576746		0		7.07E-07		0		0.0303311089		0		5.07E-05		0		0.0019618058		0		5.03E-05

				Rand. walk w/trend		Rand. walk w/trend		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Intrinsic Productivity		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		0.1		0		4.86E-21		0		6.17E-26		0		6.12E-24		0		9.91E-27

		0.3034482759		0		2.54E-08		0		6.26E-13		0		2.18E-11		0		2.38E-14

		0.5068965517		0		1.57E-04		0		5.65E-09		0		1.35E-07		0		1.39E-10

		0.7103448276		0		0.0114471509		0		6.05E-07		0		1.32E-05		0		1.41E-08

		0.9137931034		0		0.1084324101		0		9.41E-06		0		2.47E-04		0		3.06E-07

		1.1172413793		0.5		0.2754145348		0		4.78E-05		0		0.0018100772		0		2.94E-06

		1.3206896552		0.5		0.2918862816		0		1.38E-04		0		0.0071987282		0		1.67E-05

		1.524137931		0		0.1803790209		0		3.25E-04		0		0.0188897755		0		6.50E-05

		1.7275862069		0		0.0821746256		0		6.88E-04		0		0.0371318036		0		1.92E-04

		1.9310344828		0		0.0320139044		0		0.0012906995		0		0.0591914473		0		4.60E-04

		2.1344827586		0		0.0116332359		0		0.0021813914		0.5		0.0803929537		0		9.44E-04

		2.3379310345		0		0.0041356369		0		0.0034252628		0		0.0961430118		0		0.0017192163

		2.5413793103		0		0.0014743546		0		0.0051408922		0		0.1037286305		0		0.0028652493

		2.7448275862		0		5.33E-04		0		0.0075275599		0.5		0.1029362291		0		0.0044613419

		2.9482758621		0		1.97E-04		0		0.0107708646		0		0.0954763479		0		0.0065900152

		3.1517241379		0		7.43E-05		0		0.0147350471		0		0.0838921717		0		0.0093375802

		3.3551724138		0		2.86E-05		0		0.0190685443		0		0.0706201763		0		0.012793784

		3.5586206897		0		1.13E-05		0		0.0241054543		0		0.0574875879		0		0.0170505381

		3.7620689655		0		4.53E-06		0		0.0312979892		0		0.0456037085		0		0.0222001982

		3.9655172414		0		1.86E-06		0		0.0419863725		0		0.0354765458		0		0.0283337735

		4.1689655172		0		7.74E-07		0		0.0554820082		0		0.0272031039		0		0.0355392896

		4.3724137931		0		3.28E-07		0		0.0685747499		0		0.0206453997		0		0.0439004024

		4.575862069		0		1.42E-07		0		0.0772583866		0		0.0155593491		0		0.0534952877

		4.7793103448		0		6.21E-08		0		0.0793310702		0		0.0116752009		0		0.064395794

		4.9827586207		0		2.76E-08		0		0.0758885399		0		0.0087406052		0		0.0766668275

		5.1862068966		0		1.25E-08		0		0.0710092826		0		0.0065391777		0		0.09036594

		5.3896551724		0		5.70E-09		0		0.0704379079		0		0.0048949219		0		0.1055430878

		5.5931034483		0		2.64E-09		0		0.0803238309		0		0.0036695337		0		0.1222405342

		5.7965517241		0		1.24E-09		0		0.1063153149		0		0.0027568192		0		0.1404928723

		6		0		5.89E-10		1		0.1526401799		0		0.0020765147		1		0.1603271466

				Constant recruitment		Constant recruitment		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Carrying Capacity		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		10		0		1.35E-32		0		3.66E-09		0		3.15E-37		0		5.08E-31

		26.8965517241		0		1.37E-18		1		0.31530784		0		6.27E-21		0		2.17E-17

		43.7931034483		0		1.51E-13		0		0.567598453		0		5.56E-15		0		1.41E-12

		60.6896551724		0		1.23E-10		0		0.0895522633		0		1.33E-11		0		6.51E-10

		77.5862068966		0		1.85E-08		0		0.017856519		0		2.29E-09		0		4.36E-08

		94.4827586207		0		1.39E-06		0		0.0056366199		0		9.82E-08		0		1.17E-06

		111.3793103448		0		6.43E-05		0		0.0022617862		0		1.86E-06		0		1.83E-05

		128.275862069		0		0.0016937045		0		9.21E-04		0		2.09E-05		0		1.87E-04

		145.1724137931		0		0.022076342		0		3.86E-04		0		1.59E-04		0		0.0012993833

		162.0689655172		0		0.1244393056		0		1.73E-04		0		8.75E-04		0		0.006218833

		178.9655172414		0.5		0.2899451367		0		7.82E-05		0		0.0036006423		0		0.0208392231

		195.8620689655		0.5		0.3032972866		0		4.23E-05		0		0.0112888142		0		0.0501609815

		212.7586206897		0		0.1703867027		0		3.06E-05		0		0.0274484316		0		0.0898799135

		229.6551724138		0		0.0631544196		0		2.21E-05		0		0.0528667166		0		0.1251535537

		246.5517241379		0		0.0184424651		0		1.78E-05		0.5		0.0826922559		0.5		0.1417866176

		263.4482758621		0		0.0048248446		0		1.49E-05		0		0.1079911095		0		0.1366390759

		280.3448275862		0		0.0012287967		0		1.24E-05		0.5		0.1211868433		0		0.1165957208

		297.2413793103		0		3.20E-04		0		1.10E-05		0		0.120200486		0		0.0911536533

		314.1379310345		0		8.76E-05		0		1.00E-05		0		0.108167137		0.5		0.0671269813

		331.0344827586		0		2.55E-05		0		9.08E-06		0		0.0903856614		0		0.04758909

		347.9310344828		0		7.95E-06		0		8.22E-06		0		0.0715523403		0		0.0330227633

		364.8275862069		0		2.65E-06		0		7.42E-06		0		0.0545976801		0		0.0227076307

		381.724137931		0		9.42E-07		0		6.69E-06		0		0.040765384		0		0.0156122442

		398.6206896552		0		3.56E-07		0		6.03E-06		0		0.0301741594		0		0.0108002024

		415.5172413793		0		1.42E-07		0		5.62E-06		0		0.0223814862		0		0.0075498183

		432.4137931034		0		5.98E-08		0		5.31E-06		0		0.0167734949		0		0.0053479634

		449.3103448276		0		2.63E-08		0		5.02E-06		0		0.0127718357		0		0.0038451311

		466.2068965517		0		1.21E-08		0		4.81E-06		0		0.0099113883		0		0.0028084942

		483.1034482759		0		5.77E-09		0		4.65E-06		0		0.0078482309		0		0.0020844431

		500		0		2.84E-09		0		4.49E-06		0		0.0063396509		0		0.0015717975

		Original data used:

		Year		Spawners		Recruits		Survival

		1967		404		148.14

		1968		87		142.26

		1969		228		188.47

		1970		281		130.38

		1971		237		67.62

		1972		83		133.13

		1973		183		153.9

		1974		196		60.42

		1975		86		113.26

		1976		50		122.43

		1977		193		287.19

		1978		131		281.49

		1979		5		144.34

		1980		193		168.01

		1981		60		250.45

		1982		455		293.69

		1983		162		445.85

		1984		130		259.08

		1985		191		117.85

		1986		292		174

		1987		285		507.33

		1988		576		537.17

		1989		34		273.6

		1990		177		175.62

		1991		151		199.06

		1992		768		261.12

		Best-fit models

				Random walk		Constant recruitment		Rand. walk w/trend		Hockey-Stick		Ricker		Beverton-Holt		Random walk		Constant recruitment		Rand. walk w/trend		Hockey-Stick		Ricker		Beverton-Holt

		Spawners		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bayesian		Bayesian		Bayesian		Bayesian		Bayesian		Bayesian

		0		0		195.8620689655		0		0		0		0		0		195.8620689655		0		0		0		0

		25.6		25.6		195.8620689655		33.8096551724		153.6		64.0781057127		94.6399641515		25.6		195.8620689655		33.8096551724		153.6		59.735468162		94.6399641515

		51.2		51.2		195.8620689655		67.6193103448		161.3793103448		116.8676441976		136.7773432635		51.2		195.8620689655		67.6193103448		262.7586206897		109.6945583229		136.7773432635

		76.8		76.8		195.8620689655		101.4289655172		161.3793103448		159.8601360214		160.6146286294		76.8		195.8620689655		101.4289655172		262.7586206897		151.0772807499		160.6146286294

		102.4		102.4		195.8620689655		135.2386206897		161.3793103448		194.3719287594		175.9464265688		102.4		195.8620689655		135.2386206897		262.7586206897		184.9527156355		175.9464265688

		128		128		195.8620689655		169.0482758621		161.3793103448		221.5634845125		186.6358507239		128		195.8620689655		169.0482758621		262.7586206897		212.2724057049		186.6358507239

		153.6		153.6		195.8620689655		202.8579310345		161.3793103448		242.4566287083		194.5141750599		153.6		195.8620689655		202.8579310345		262.7586206897		233.8824337138		194.5141750599

		179.2		179.2		195.8620689655		236.6675862069		161.3793103448		257.9499696953		200.5614284074		179.2		195.8620689655		236.6675862069		262.7586206897		250.5343103879		200.5614284074

		204.8		204.8		195.8620689655		270.4772413793		161.3793103448		268.8326775478		205.3495133831		204.8		195.8620689655		270.4772413793		262.7586206897		262.8947866158		205.3495133831

		230.4		230.4		195.8620689655		304.2868965517		161.3793103448		275.7967914999		209.2346251873		230.4		195.8620689655		304.2868965517		262.7586206897		271.5546930437		209.2346251873

		256		256		195.8620689655		338.0965517241		161.3793103448		279.4482083091		212.4501876427		256		195.8620689655		338.0965517241		262.7586206897		277.0369005446		212.4501876427

		281.6		281.6		195.8620689655		371.9062068966		161.3793103448		280.3164884386		215.1555520727		281.6		195.8620689655		371.9062068966		262.7586206897		279.8034862484		215.1555520727

		307.2		307.2		195.8620689655		405.715862069		161.3793103448		278.863603063		217.4632195212		307.2		195.8620689655		405.715862069		262.7586206897		280.2621818458		217.4632195212

		332.8		332.8		195.8620689655		439.5255172414		161.3793103448		275.4917324071		219.4548797059		332.8		195.8620689655		439.5255172414		262.7586206897		278.7721736457		219.4548797059

		358.4		358.4		195.8620689655		473.3351724138		161.3793103448		270.5502146767		221.1912831815		358.4		195.8620689655		473.3351724138		262.7586206897		275.6493172982		221.1912831815

		384		384		195.8620689655		507.1448275862		161.3793103448		264.3417347143		222.7185463591		384		195.8620689655		507.1448275862		262.7586206897		271.1708241416		222.7185463591

		409.6		409.6		195.8620689655		540.9544827586		161.3793103448		257.1278324004		224.0723077158		409.6		195.8620689655		540.9544827586		262.7586206897		265.57947073		224.0723077158

		435.2		435.2		195.8620689655		574.764137931		161.3793103448		249.133802623		225.2805436635		435.2		195.8620689655		574.764137931		262.7586206897		259.087378195		225.2805436635

		460.8		460.8		195.8620689655		608.5737931034		161.3793103448		240.553051264		226.3655226431		460.8		195.8620689655		608.5737931034		262.7586206897		251.8794036573		226.3655226431

		486.4		486.4		195.8620689655		642.3834482759		161.3793103448		231.5509650158		227.3451902083		486.4		195.8620689655		642.3834482759		262.7586206897		244.116181872		227.3451902083

		512		512		195.8620689655		676.1931034483		161.3793103448		222.2683468797		228.2341694549		512		195.8620689655		676.1931034483		262.7586206897		235.9368516407		228.2341694549

		537.6		537.6		195.8620689655		710.0027586207		161.3793103448		212.8244638332		229.0444959103		537.6		195.8620689655		710.0027586207		262.7586206897		227.4614982154		229.0444959103

		563.2		563.2		195.8620689655		743.8124137931		161.3793103448		203.3197483356		229.7861656275		563.2		195.8620689655		743.8124137931		262.7586206897		218.7933399171		229.7861656275

		588.8		588.8		195.8620689655		777.6220689655		161.3793103448		193.8381910067		230.4675496254		588.8		195.8620689655		777.6220689655		262.7586206897		210.0206844775		230.4675496254

		614.4		614.4		195.8620689655		811.4317241379		161.3793103448		184.4494579248		231.0957112145		614.4		195.8620689655		811.4317241379		262.7586206897		201.2186781484		231.0957112145

		640		640		195.8620689655		845.2413793103		161.3793103448		175.2107624933		231.6766517593		640		195.8620689655		845.2413793103		262.7586206897		192.4508683952		231.6766517593

		665.6		665.6		195.8620689655		879.0510344828		161.3793103448		166.1685186838		232.2155030236		665.6		195.8620689655		879.0510344828		262.7586206897		183.77059897		232.2155030236

		691.2		691.2		195.8620689655		912.8606896552		161.3793103448		157.3597996493		232.7166791714		691.2		195.8620689655		912.8606896552		262.7586206897		175.2222543339		232.7166791714

		716.8		716.8		195.8620689655		946.6703448276		161.3793103448		148.8136231651		233.1839979617		716.8		195.8620689655		946.6703448276		262.7586206897		166.8423687428		233.1839979617

		742.4		742.4		195.8620689655		980.48		161.3793103448		140.5520830904		233.6207781843		742.4		195.8620689655		980.48		262.7586206897		158.6606138116		233.6207781843





Lower Gorge Chum SR out2
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Chart1

		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01

		1.11		1.11		1.11		1.11		1.11		1.11		1.11		1.11

		1.21		1.21		1.21		1.21		1.21		1.21		1.21		1.21

		1.31		1.31		1.31		1.31		1.31		1.31		1.31		1.31
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new cycle table

		The minimum size is the initial running sum that just produces an acceptible exinction risk.

		The stock recruitment model used for projecting extinction risk is a Ricker function (spawner to smolt) with cyclical smolt to adult survival with stochastic, log-normally distributed error (0, sigma2) added.

		The ocean cycle in smolt survival was a sine wave of length 40 years with a mean survival of 0.05 and an amplitude of 0.03, beginning in year 0 of the cycle.

		The intial population size (i.e minium size) is a vector maxAge long, and the fixed age distribution is:

		0		0.01		0.19		0.57		0.23

		Acceptible risk is a 5.0 percent probability of declining to a 4-year running sum of 200 fish in 100 years.

		Each point was based on 1000 simulated trajectories.

						Intrinsic Growth Rate

		S:Smolt		20.2		22.2		24.2		26.2

		Sigma2/S:S		1.01		1.11		1.21		1.31

		var=0.2		608		733		642		582

		0.4		477		746		726		694

		0.6		367		762		751		801

		0.8		314		811		776		867

		The Neq is in units of spawners (after survival)

		b		0.0000163657		0.0001423738		0.0002969164		0.0004639642

				0.0000208602		0.0001398928		0.0002625625		0.0003890881

				0.0000271126		0.0001369554		0.0002538221		0.0003371125

				0.000031689		0.0001286807		0.0002456448		0.00031145

				1.01		1.11		1.21		1.31

		Max R		454,070		57,363		29,984		20,774

		in units of		356,236		58,380		33,907		24,772

		recruits		274,085		59,632		35,075		28,591

		before		234,503		63,467		36,242		30,947

		survival

		Max R		22,704		2,868		1,499		1,039

		in units of		17,812		2,919		1,695		1,239

		recruits		13,704		2,982		1,754		1,430

		after survival		11,725		3,173		1,812		1,547





new cycle table

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0
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Lower Gorge Chum SR out2

		

		The program fitted 6 spawner-recruit curves to the data by a grid search over the parameter intervals given,

		and estimated 5.0 percent confidence intervals using two methods: 1) non-parametric

		bootstrap (2 pseudo-samples), and 2) Bayesian posteriors, given the priors entered.

		A log-normal likelihood was used to fit observed recruits to predicted recruits.

		Models fitted to the data:

		1		Random walk		R = S*exp(V), V~N(0,s2)

		2		Constant recruitment		R = maxR*exp(V), V~N(0,s2)

		3		Rand. walk w/trend		R = a*S*exp(V), V~N(0,s2)

		4		Hockey-Stick		R = min(a*S,Rmax)*exp(V), V~N(0,s2)

		5		Ricker		R = (aS*exp(-bS))*exp(V), V~N(0,s2), where b=a/(exp(1)*Rmax)

		6		Beverton-Holt		R = (aS/(1+aS/b))*exp(V), V~N(0,s2), where b=Rmax

		Parameter ranges for grid search:

		Parameter		From		To		Number of intervals

		Variance		0.1		1.4		20

		Intrinsic productivity		0.1		6		30

		Carrying capacity		10		500		30

		Priors

		Parameter		Type		Minimum		Maximum		Mean		Std. Dev.

		Variance		Uniform		0.1		3

		Intrinsic productivity		Uniform		0.1		10

		Carrying capacity		Uniform		10		1500

		SUMMARY TABLE

		Model		Parameter		Method		MLE		Lower CI		Upper CI		AIC		AICc		AIC relative to best model

		Random walk		Variance		Bootstrap		1.0578947368		0.9894736842		1.0578947368		77.904406393		77.904406393		32.8181426084

		Random walk		Variance		Bayesian		1.0578947368		0.8526315789		1.3315789474

		Constant recruitment		Variance		Bootstrap		0.5105263158		0.4421052632		0.5105263158		45.0862637845		45.0862637845		0

		Constant recruitment		Variance		Bayesian		0.5105263158		0.4421052632		0.7157894737

		Constant recruitment		Carrying Capacity		Bootstrap		195.8620689655		178.9655172414		195.8620689655

		Constant recruitment		Carrying Capacity		Bayesian		195.8620689655		162.0689655172		229.6551724138

		Rand. walk w/trend		Variance		Bootstrap		0.9894736842		0.9210526316		0.9894736842		79.001260743		79.001260743		33.9149969585

		Rand. walk w/trend		Variance		Bayesian		1.0578947368		0.8526315789		1.3315789474

		Rand. walk w/trend		Intrinsic Productivity		Bootstrap		1.3206896552		1.1172413793		1.3206896552

		Rand. walk w/trend		Intrinsic Productivity		Bayesian		1.3206896552		0.9137931034		1.9310344828

		Hockey-Stick		Variance		Bootstrap		0.6473684211		0.4421052632		0.6473684211		55.9876516867		56.9876516867		11.9013879022

		Hockey-Stick		Variance		Bayesian		0.6473684211		0.5789473684		0.9210526316

		Hockey-Stick		Intrinsic Productivity		Bootstrap		6		6		6

		Hockey-Stick		Intrinsic Productivity		Bayesian		6		3.3551724138		6

		Hockey-Stick		Carrying Capacity		Bootstrap		26.8965517241		26.8965517241		26.8965517241

		Hockey-Stick		Carrying Capacity		Bayesian		43.7931034483		26.8965517241		60.6896551724

		Ricker		Variance		Bootstrap		0.7842105263		0.7157894737		0.7842105263		68.4000813011		69.4000813011		24.3138175166

		Ricker		Variance		Bayesian		0.8526315789		0.7157894737		1.1263157895

		Ricker		Intrinsic Productivity		Bootstrap		2.7448275862		2.1344827586		2.7448275862

		Ricker		Intrinsic Productivity		Bayesian		2.5413793103		1.7275862069		4.575862069

		Ricker		Carrying Capacity		Bootstrap		280.3448275862		246.5517241379		280.3448275862

		Ricker		Carrying Capacity		Bayesian		280.3448275862		229.6551724138		432.4137931034

		Beverton-Holt		Variance		Bootstrap		0.6473684211		0.6473684211		0.7157894737		56.040110057		57.040110057		11.9538462725

		Beverton-Holt		Variance		Bayesian		0.6473684211		0.5789473684		0.9210526316

		Beverton-Holt		Intrinsic Productivity		Bootstrap		6		6		6

		Beverton-Holt		Intrinsic Productivity		Bayesian		6		3.5586206897		6

		Beverton-Holt		Carrying Capacity		Bootstrap		246.5517241379		246.5517241379		314.1379310345

		Beverton-Holt		Carrying Capacity		Bayesian		246.5517241379		195.8620689655		364.8275862069

		Parameter Distributions

				Random walk		Random walk		Constant recruitment		Constant recruitment		Rand. walk w/trend		Rand. walk w/trend		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Process Error Variance		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		0.1		0		0		0		5.12E-137		0		0		0		1.85E-201		0		0		0		1.34E-202

		0.1684210526		0		4.52E-191		0		3.13E-39		0		4.91E-184		0		3.90E-61		0		1.04E-107		0		9.31E-62

		0.2368421053		0		3.15E-88		0		3.75E-15		0		6.21E-85		0		1.31E-25		0		6.68E-48		0		6.36E-26

		0.3052631579		0		1.19E-47		0		1.29E-06		0		7.46E-46		0		2.39E-12		0		9.56E-25		0		1.69E-12

		0.3736842105		0		4.46E-28		0		0.0039345059		0		5.06E-27		0		2.10E-06		0		7.17E-14		0		1.69E-06

		0.4421052632		0		1.87E-17		0.5		0.1054339503		0		8.17E-17		0.5		0.0016049905		0		3.49E-08		0		0.0013688824

		0.5105263158		0		3.02E-11		0.5		0.3136882861		0		7.46E-11		0		0.0410227878		0		5.01E-05		0		0.0365550112

		0.5789473684		0		1.92E-07		0		0.3082772473		0		3.33E-07		0		0.1745927534		0		0.0031468223		0		0.1626995198

		0.6473684211		0		4.79E-05		0		0.1686623433		0		6.61E-05		0.5		0.2725547994		0		0.0325406449		0.5		0.2656250549

		0.7157894737		0		0.0016025916		0		0.0672858726		0		0.0019168247		0		0.2373689931		0.5		0.1126611146		0.5		0.2412103601

		0.7842105263		0		0.01472891		0		0.022684656		0		0.0160766447		0		0.1460247667		0.5		0.1955475865		0		0.1538288676

		0.8526315789		0		0.0571843933		0		0.0070295699		0		0.0590046472		0		0.0729088985		0		0.2166433136		0		0.0790002558

		0.9210526316		0		0.1231456024		0		0.0021032292		0.5		0.1230584759		0		0.0321556422		0		0.1780815524		0		0.0355156802

		0.9894736842		0.5		0.1757424948		0		6.26E-04		0.5		0.172989833		0		0.0132102771		0		0.1196844599		0		0.0147318098

		1.0578947368		0.5		0.1873321896		0		1.88E-04		0		0.1838550067		0		0.0052301545		0		0.070145479		0		0.005833388

		1.1263157895		0		0.1619626772		0		5.80E-05		0		0.1598888862		0		0.0020401076		0		0.037458671		0		0.0022551934

		1.1947368421		0		0.1203496288		0		1.84E-05		0		0.1202785424		0		7.95E-04		0		0.0187895738		0		8.64E-04

		1.2631578947		0		0.0801127575		0		6.00E-06		0		0.081442546		0		3.13E-04		0		0.009045258		0		3.32E-04

		1.3315789474		0		0.049233034		0		2.03E-06		0		0.0510910277		0		1.25E-04		0		0.0042435611		0		1.28E-04

		1.4		0		0.0285576746		0		7.07E-07		0		0.0303311089		0		5.07E-05		0		0.0019618058		0		5.03E-05

				Rand. walk w/trend		Rand. walk w/trend		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Intrinsic Productivity		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		0.1		0		4.86E-21		0		6.17E-26		0		6.12E-24		0		9.91E-27

		0.3034482759		0		2.54E-08		0		6.26E-13		0		2.18E-11		0		2.38E-14

		0.5068965517		0		1.57E-04		0		5.65E-09		0		1.35E-07		0		1.39E-10

		0.7103448276		0		0.0114471509		0		6.05E-07		0		1.32E-05		0		1.41E-08

		0.9137931034		0		0.1084324101		0		9.41E-06		0		2.47E-04		0		3.06E-07

		1.1172413793		0.5		0.2754145348		0		4.78E-05		0		0.0018100772		0		2.94E-06

		1.3206896552		0.5		0.2918862816		0		1.38E-04		0		0.0071987282		0		1.67E-05

		1.524137931		0		0.1803790209		0		3.25E-04		0		0.0188897755		0		6.50E-05

		1.7275862069		0		0.0821746256		0		6.88E-04		0		0.0371318036		0		1.92E-04

		1.9310344828		0		0.0320139044		0		0.0012906995		0		0.0591914473		0		4.60E-04

		2.1344827586		0		0.0116332359		0		0.0021813914		0.5		0.0803929537		0		9.44E-04

		2.3379310345		0		0.0041356369		0		0.0034252628		0		0.0961430118		0		0.0017192163

		2.5413793103		0		0.0014743546		0		0.0051408922		0		0.1037286305		0		0.0028652493

		2.7448275862		0		5.33E-04		0		0.0075275599		0.5		0.1029362291		0		0.0044613419

		2.9482758621		0		1.97E-04		0		0.0107708646		0		0.0954763479		0		0.0065900152

		3.1517241379		0		7.43E-05		0		0.0147350471		0		0.0838921717		0		0.0093375802

		3.3551724138		0		2.86E-05		0		0.0190685443		0		0.0706201763		0		0.012793784

		3.5586206897		0		1.13E-05		0		0.0241054543		0		0.0574875879		0		0.0170505381

		3.7620689655		0		4.53E-06		0		0.0312979892		0		0.0456037085		0		0.0222001982

		3.9655172414		0		1.86E-06		0		0.0419863725		0		0.0354765458		0		0.0283337735

		4.1689655172		0		7.74E-07		0		0.0554820082		0		0.0272031039		0		0.0355392896

		4.3724137931		0		3.28E-07		0		0.0685747499		0		0.0206453997		0		0.0439004024

		4.575862069		0		1.42E-07		0		0.0772583866		0		0.0155593491		0		0.0534952877

		4.7793103448		0		6.21E-08		0		0.0793310702		0		0.0116752009		0		0.064395794

		4.9827586207		0		2.76E-08		0		0.0758885399		0		0.0087406052		0		0.0766668275

		5.1862068966		0		1.25E-08		0		0.0710092826		0		0.0065391777		0		0.09036594

		5.3896551724		0		5.70E-09		0		0.0704379079		0		0.0048949219		0		0.1055430878

		5.5931034483		0		2.64E-09		0		0.0803238309		0		0.0036695337		0		0.1222405342

		5.7965517241		0		1.24E-09		0		0.1063153149		0		0.0027568192		0		0.1404928723

		6		0		5.89E-10		1		0.1526401799		0		0.0020765147		1		0.1603271466

				Constant recruitment		Constant recruitment		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Carrying Capacity		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		10		0		1.35E-32		0		3.66E-09		0		3.15E-37		0		5.08E-31

		26.8965517241		0		1.37E-18		1		0.31530784		0		6.27E-21		0		2.17E-17

		43.7931034483		0		1.51E-13		0		0.567598453		0		5.56E-15		0		1.41E-12

		60.6896551724		0		1.23E-10		0		0.0895522633		0		1.33E-11		0		6.51E-10

		77.5862068966		0		1.85E-08		0		0.017856519		0		2.29E-09		0		4.36E-08

		94.4827586207		0		1.39E-06		0		0.0056366199		0		9.82E-08		0		1.17E-06

		111.3793103448		0		6.43E-05		0		0.0022617862		0		1.86E-06		0		1.83E-05

		128.275862069		0		0.0016937045		0		9.21E-04		0		2.09E-05		0		1.87E-04

		145.1724137931		0		0.022076342		0		3.86E-04		0		1.59E-04		0		0.0012993833

		162.0689655172		0		0.1244393056		0		1.73E-04		0		8.75E-04		0		0.006218833

		178.9655172414		0.5		0.2899451367		0		7.82E-05		0		0.0036006423		0		0.0208392231

		195.8620689655		0.5		0.3032972866		0		4.23E-05		0		0.0112888142		0		0.0501609815

		212.7586206897		0		0.1703867027		0		3.06E-05		0		0.0274484316		0		0.0898799135

		229.6551724138		0		0.0631544196		0		2.21E-05		0		0.0528667166		0		0.1251535537

		246.5517241379		0		0.0184424651		0		1.78E-05		0.5		0.0826922559		0.5		0.1417866176

		263.4482758621		0		0.0048248446		0		1.49E-05		0		0.1079911095		0		0.1366390759

		280.3448275862		0		0.0012287967		0		1.24E-05		0.5		0.1211868433		0		0.1165957208

		297.2413793103		0		3.20E-04		0		1.10E-05		0		0.120200486		0		0.0911536533

		314.1379310345		0		8.76E-05		0		1.00E-05		0		0.108167137		0.5		0.0671269813

		331.0344827586		0		2.55E-05		0		9.08E-06		0		0.0903856614		0		0.04758909

		347.9310344828		0		7.95E-06		0		8.22E-06		0		0.0715523403		0		0.0330227633

		364.8275862069		0		2.65E-06		0		7.42E-06		0		0.0545976801		0		0.0227076307

		381.724137931		0		9.42E-07		0		6.69E-06		0		0.040765384		0		0.0156122442

		398.6206896552		0		3.56E-07		0		6.03E-06		0		0.0301741594		0		0.0108002024

		415.5172413793		0		1.42E-07		0		5.62E-06		0		0.0223814862		0		0.0075498183

		432.4137931034		0		5.98E-08		0		5.31E-06		0		0.0167734949		0		0.0053479634

		449.3103448276		0		2.63E-08		0		5.02E-06		0		0.0127718357		0		0.0038451311

		466.2068965517		0		1.21E-08		0		4.81E-06		0		0.0099113883		0		0.0028084942

		483.1034482759		0		5.77E-09		0		4.65E-06		0		0.0078482309		0		0.0020844431

		500		0		2.84E-09		0		4.49E-06		0		0.0063396509		0		0.0015717975

		Original data used:

		Year		Spawners		Recruits		Survival

		1967		404		148.14

		1968		87		142.26

		1969		228		188.47

		1970		281		130.38

		1971		237		67.62

		1972		83		133.13

		1973		183		153.9

		1974		196		60.42

		1975		86		113.26

		1976		50		122.43

		1977		193		287.19

		1978		131		281.49

		1979		5		144.34

		1980		193		168.01

		1981		60		250.45

		1982		455		293.69

		1983		162		445.85

		1984		130		259.08

		1985		191		117.85

		1986		292		174

		1987		285		507.33

		1988		576		537.17

		1989		34		273.6

		1990		177		175.62

		1991		151		199.06

		1992		768		261.12

		Best-fit models

				Random walk		Constant recruitment		Rand. walk w/trend		Hockey-Stick		Ricker		Beverton-Holt		Random walk		Constant recruitment		Rand. walk w/trend		Hockey-Stick		Ricker		Beverton-Holt

		Spawners		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bayesian		Bayesian		Bayesian		Bayesian		Bayesian		Bayesian

		0		0		195.8620689655		0		0		0		0		0		195.8620689655		0		0		0		0

		25.6		25.6		195.8620689655		33.8096551724		153.6		64.0781057127		94.6399641515		25.6		195.8620689655		33.8096551724		153.6		59.735468162		94.6399641515

		51.2		51.2		195.8620689655		67.6193103448		161.3793103448		116.8676441976		136.7773432635		51.2		195.8620689655		67.6193103448		262.7586206897		109.6945583229		136.7773432635

		76.8		76.8		195.8620689655		101.4289655172		161.3793103448		159.8601360214		160.6146286294		76.8		195.8620689655		101.4289655172		262.7586206897		151.0772807499		160.6146286294

		102.4		102.4		195.8620689655		135.2386206897		161.3793103448		194.3719287594		175.9464265688		102.4		195.8620689655		135.2386206897		262.7586206897		184.9527156355		175.9464265688

		128		128		195.8620689655		169.0482758621		161.3793103448		221.5634845125		186.6358507239		128		195.8620689655		169.0482758621		262.7586206897		212.2724057049		186.6358507239

		153.6		153.6		195.8620689655		202.8579310345		161.3793103448		242.4566287083		194.5141750599		153.6		195.8620689655		202.8579310345		262.7586206897		233.8824337138		194.5141750599

		179.2		179.2		195.8620689655		236.6675862069		161.3793103448		257.9499696953		200.5614284074		179.2		195.8620689655		236.6675862069		262.7586206897		250.5343103879		200.5614284074

		204.8		204.8		195.8620689655		270.4772413793		161.3793103448		268.8326775478		205.3495133831		204.8		195.8620689655		270.4772413793		262.7586206897		262.8947866158		205.3495133831

		230.4		230.4		195.8620689655		304.2868965517		161.3793103448		275.7967914999		209.2346251873		230.4		195.8620689655		304.2868965517		262.7586206897		271.5546930437		209.2346251873

		256		256		195.8620689655		338.0965517241		161.3793103448		279.4482083091		212.4501876427		256		195.8620689655		338.0965517241		262.7586206897		277.0369005446		212.4501876427

		281.6		281.6		195.8620689655		371.9062068966		161.3793103448		280.3164884386		215.1555520727		281.6		195.8620689655		371.9062068966		262.7586206897		279.8034862484		215.1555520727

		307.2		307.2		195.8620689655		405.715862069		161.3793103448		278.863603063		217.4632195212		307.2		195.8620689655		405.715862069		262.7586206897		280.2621818458		217.4632195212

		332.8		332.8		195.8620689655		439.5255172414		161.3793103448		275.4917324071		219.4548797059		332.8		195.8620689655		439.5255172414		262.7586206897		278.7721736457		219.4548797059

		358.4		358.4		195.8620689655		473.3351724138		161.3793103448		270.5502146767		221.1912831815		358.4		195.8620689655		473.3351724138		262.7586206897		275.6493172982		221.1912831815

		384		384		195.8620689655		507.1448275862		161.3793103448		264.3417347143		222.7185463591		384		195.8620689655		507.1448275862		262.7586206897		271.1708241416		222.7185463591

		409.6		409.6		195.8620689655		540.9544827586		161.3793103448		257.1278324004		224.0723077158		409.6		195.8620689655		540.9544827586		262.7586206897		265.57947073		224.0723077158

		435.2		435.2		195.8620689655		574.764137931		161.3793103448		249.133802623		225.2805436635		435.2		195.8620689655		574.764137931		262.7586206897		259.087378195		225.2805436635

		460.8		460.8		195.8620689655		608.5737931034		161.3793103448		240.553051264		226.3655226431		460.8		195.8620689655		608.5737931034		262.7586206897		251.8794036573		226.3655226431

		486.4		486.4		195.8620689655		642.3834482759		161.3793103448		231.5509650158		227.3451902083		486.4		195.8620689655		642.3834482759		262.7586206897		244.116181872		227.3451902083

		512		512		195.8620689655		676.1931034483		161.3793103448		222.2683468797		228.2341694549		512		195.8620689655		676.1931034483		262.7586206897		235.9368516407		228.2341694549

		537.6		537.6		195.8620689655		710.0027586207		161.3793103448		212.8244638332		229.0444959103		537.6		195.8620689655		710.0027586207		262.7586206897		227.4614982154		229.0444959103

		563.2		563.2		195.8620689655		743.8124137931		161.3793103448		203.3197483356		229.7861656275		563.2		195.8620689655		743.8124137931		262.7586206897		218.7933399171		229.7861656275

		588.8		588.8		195.8620689655		777.6220689655		161.3793103448		193.8381910067		230.4675496254		588.8		195.8620689655		777.6220689655		262.7586206897		210.0206844775		230.4675496254

		614.4		614.4		195.8620689655		811.4317241379		161.3793103448		184.4494579248		231.0957112145		614.4		195.8620689655		811.4317241379		262.7586206897		201.2186781484		231.0957112145

		640		640		195.8620689655		845.2413793103		161.3793103448		175.2107624933		231.6766517593		640		195.8620689655		845.2413793103		262.7586206897		192.4508683952		231.6766517593

		665.6		665.6		195.8620689655		879.0510344828		161.3793103448		166.1685186838		232.2155030236		665.6		195.8620689655		879.0510344828		262.7586206897		183.77059897		232.2155030236

		691.2		691.2		195.8620689655		912.8606896552		161.3793103448		157.3597996493		232.7166791714		691.2		195.8620689655		912.8606896552		262.7586206897		175.2222543339		232.7166791714

		716.8		716.8		195.8620689655		946.6703448276		161.3793103448		148.8136231651		233.1839979617		716.8		195.8620689655		946.6703448276		262.7586206897		166.8423687428		233.1839979617

		742.4		742.4		195.8620689655		980.48		161.3793103448		140.5520830904		233.6207781843		742.4		195.8620689655		980.48		262.7586206897		158.6606138116		233.6207781843
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Chart1

		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01

		1.06		1.06		1.06		1.06		1.06		1.06		1.06		1.06

		1.11		1.11		1.11		1.11		1.11		1.11		1.11		1.11

		1.16		1.16		1.16		1.16		1.16		1.16		1.16		1.16

		1.21		1.21		1.21		1.21		1.21		1.21		1.21		1.21

		1.26		1.26		1.26		1.26		1.26		1.26		1.26		1.26

		1.31		1.31		1.31		1.31		1.31		1.31		1.31		1.31



variance=.2

0.4

0.6

0.8

Intrinsic growth rate

Minimum size (Neq)

Carrying capacity (recruits)

Beverton-Holt

137

155

147

153

13837

15655

14847

15453

123

143

156

156

2173

2526.3333333333

2756

2756

124

142

165

157

1251.2727272727

1432.9090909091

1665

1584.2727272727

118

141

165

172

855.5

1022.25

1196.25

1247

113

138

151

180

651.0952380952

795.1428571429

870.0476190476

1037.1428571429

112

137

160

172

542.7692307692

663.9230769231

775.3846153846

833.5384615385

112

137
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MS new G1.01 to 1.31 s.2 to .8 

		The minimum size is the initial running sum that just produces an acceptible exinction risk.

		The stock recruitment model used for projecting extinction risk is a Beverton-Holt model with stochastic, log-normally distributed error (0, sigma2) added.

		The intial population size (i.e minium size) is a vector maxAge long, and the fixed age distribution is:

		0		0.01		0.19		0.57		0.23

		Acceptible risk is a 5.0 percent probability of declining to a 4-year running sum of 200 fish in 100 years.

						Intrinsic Growth Rate

		Sigma2		1.01		1.06		1.11		1.16		1.21		1.26		1.31

		variance=.2		137		123		124		118		113		112		112

		0.4		155		143		142		141		138		137		137

		0.6		147		156		165		165		151		160		157

		0.8		153		156		157		172		180		172		169

				13,837		2,173		1,251		856		651		543		473

				15,655		2,526		1,433		1,022		795		664		579

				14,847		2,756		1,665		1,196		870		775		663

				15,453		2,756		1,584		1,247		1,037		834		714





MS new G1.01 to 1.31 s.2 to .8 
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Chart3

		1.01		1.01		1.01		1.01

		1.06		1.06		1.06		1.06

		1.11		1.11		1.11		1.11

		1.16		1.16		1.16		1.16

		1.21		1.21		1.21		1.21

		1.26		1.26		1.26		1.26

		1.31		1.31		1.31		1.31



0.2

0.4

0.6

0.8

Intrinsic growth rate

Minimum size (carrying capacity - spawners)

Hockey-stick

191
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age structured hockey stick

		The minimum size is the initial running sum that just produces an acceptible exinction risk.  The program adjusts the initial size until

		the results meets the risk specified.  In each case, the intrinsic growth rate is determined by the user and the carrying capacity, K, is adjusted.

		Given an intrinsic growth rate and a carrying capacity, an equilibrium size can be calculated for the BH and Ricker models.

		The minimum sizes in the table are expressed as equilibrium sizes, Neq, for the Beverton-Holt and Ricker models and as K for the hockey-stick model.

		The lower table shows the associated carrying capacity for recruits.

		The stock recruitment model used for projecting extinction risk is an age-structured Hockey Stick model with stochastic, log-normally distributed error (0, sigma2) added.

		The intial population size (i.e minium size) is a vector maxAge long, and the fixed age distribution is:

		0		0.01		0.19		0.57		0.23

		Acceptible risk is a 5.0 percent probability of declining to a 4-year running sum of 200 fish in 100 years.

		Each point was based on 1000 simulated trajectories.

		Minimum Sizes:

						Intrinsic Growth Rate

		Sigma2		1.01		1.06		1.11		1.16		1.21		1.26		1.31

		0.2		191		132		103		93		84		77		72

		0.4		247		186		147		130		116		103		96

		0.6		316		249		191		162		140		125		121

		0.8		357		286		238		199		174		152		137

		Carrying capacities (recruits) associated with minimum sizes

		0.2		191		132		103		93		84		77		72

		0.4		247		186		147		130		116		103		96

		0.6		316		249		191		162		140		125		121

		0.8		357		286		238		199		174		152		137





age structured hockey stick

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



0.2

0.4

0.6

0.8

Intrinsic Growth Rate

Minimum Size (carrying capacity - spawners)

Hockey Stick (age structured)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1110710439.xls
Chart1

		404

		87

		228

		281

		237

		83

		183

		196

		86

		50

		193

		131

		5

		193

		60

		455

		162

		130

		191

		292

		285

		576

		34

		177

		151

		768



Data

148.14

142.26

188.47

130.38

67.62

133.13

153.9

60.42

113.26

122.43

287.19

281.49

144.34

168.01

250.45

293.69

445.85

259.08

117.85

174

507.33

537.17

273.6

175.62

199.06

261.12



spawners

		1967

		1968

		1969

		1970

		1971

		1972

		1973

		1974

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991

		1992



Spawners

Year

Spawners

404

87

228

281

237

83

183

196

86

50

193

131

5

193

60

455

162

130

191

292

285

576

34

177

151

768



Lower Gorge Chum SR out2

		

		The program fitted 6 spawner-recruit curves to the data by a grid search over the parameter intervals given,

		and estimated 5.0 percent confidence intervals using two methods: 1) non-parametric

		bootstrap (2 pseudo-samples), and 2) Bayesian posteriors, given the priors entered.

		A log-normal likelihood was used to fit observed recruits to predicted recruits.

		Models fitted to the data:

		1		Random walk		R = S*exp(V), V~N(0,s2)

		2		Constant recruitment		R = maxR*exp(V), V~N(0,s2)

		3		Rand. walk w/trend		R = a*S*exp(V), V~N(0,s2)

		4		Hockey-Stick		R = min(a*S,Rmax)*exp(V), V~N(0,s2)

		5		Ricker		R = (aS*exp(-bS))*exp(V), V~N(0,s2), where b=a/(exp(1)*Rmax)

		6		Beverton-Holt		R = (aS/(1+aS/b))*exp(V), V~N(0,s2), where b=Rmax

		Parameter ranges for grid search:

		Parameter		From		To		Number of intervals

		Variance		0.1		1.4		20

		Intrinsic productivity		0.1		6		30

		Carrying capacity		10		500		30

		Priors

		Parameter		Type		Minimum		Maximum		Mean		Std. Dev.

		Variance		Uniform		0.1		3

		Intrinsic productivity		Uniform		0.1		10

		Carrying capacity		Uniform		10		1500

		SUMMARY TABLE

		Model		Parameter		Method		MLE		Lower CI		Upper CI		AIC		AICc		AIC relative to best model

		Random walk		Variance		Bootstrap		1.0578947368		0.9894736842		1.0578947368		77.904406393		77.904406393		32.8181426084

		Random walk		Variance		Bayesian		1.0578947368		0.8526315789		1.3315789474

		Constant recruitment		Variance		Bootstrap		0.5105263158		0.4421052632		0.5105263158		45.0862637845		45.0862637845		0

		Constant recruitment		Variance		Bayesian		0.5105263158		0.4421052632		0.7157894737

		Constant recruitment		Carrying Capacity		Bootstrap		195.8620689655		178.9655172414		195.8620689655

		Constant recruitment		Carrying Capacity		Bayesian		195.8620689655		162.0689655172		229.6551724138

		Rand. walk w/trend		Variance		Bootstrap		0.9894736842		0.9210526316		0.9894736842		79.001260743		79.001260743		33.9149969585

		Rand. walk w/trend		Variance		Bayesian		1.0578947368		0.8526315789		1.3315789474

		Rand. walk w/trend		Intrinsic Productivity		Bootstrap		1.3206896552		1.1172413793		1.3206896552

		Rand. walk w/trend		Intrinsic Productivity		Bayesian		1.3206896552		0.9137931034		1.9310344828

		Hockey-Stick		Variance		Bootstrap		0.6473684211		0.4421052632		0.6473684211		55.9876516867		56.9876516867		11.9013879022

		Hockey-Stick		Variance		Bayesian		0.6473684211		0.5789473684		0.9210526316

		Hockey-Stick		Intrinsic Productivity		Bootstrap		6		6		6

		Hockey-Stick		Intrinsic Productivity		Bayesian		6		3.3551724138		6

		Hockey-Stick		Carrying Capacity		Bootstrap		26.8965517241		26.8965517241		26.8965517241

		Hockey-Stick		Carrying Capacity		Bayesian		43.7931034483		26.8965517241		60.6896551724

		Ricker		Variance		Bootstrap		0.7842105263		0.7157894737		0.7842105263		68.4000813011		69.4000813011		24.3138175166

		Ricker		Variance		Bayesian		0.8526315789		0.7157894737		1.1263157895

		Ricker		Intrinsic Productivity		Bootstrap		2.7448275862		2.1344827586		2.7448275862

		Ricker		Intrinsic Productivity		Bayesian		2.5413793103		1.7275862069		4.575862069

		Ricker		Carrying Capacity		Bootstrap		280.3448275862		246.5517241379		280.3448275862

		Ricker		Carrying Capacity		Bayesian		280.3448275862		229.6551724138		432.4137931034

		Beverton-Holt		Variance		Bootstrap		0.6473684211		0.6473684211		0.7157894737		56.040110057		57.040110057		11.9538462725

		Beverton-Holt		Variance		Bayesian		0.6473684211		0.5789473684		0.9210526316

		Beverton-Holt		Intrinsic Productivity		Bootstrap		6		6		6

		Beverton-Holt		Intrinsic Productivity		Bayesian		6		3.5586206897		6

		Beverton-Holt		Carrying Capacity		Bootstrap		246.5517241379		246.5517241379		314.1379310345

		Beverton-Holt		Carrying Capacity		Bayesian		246.5517241379		195.8620689655		364.8275862069

		Parameter Distributions

				Random walk		Random walk		Constant recruitment		Constant recruitment		Rand. walk w/trend		Rand. walk w/trend		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Process Error Variance		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		0.1		0		0		0		5.12E-137		0		0		0		1.85E-201		0		0		0		1.34E-202

		0.1684210526		0		4.52E-191		0		3.13E-39		0		4.91E-184		0		3.90E-61		0		1.04E-107		0		9.31E-62

		0.2368421053		0		3.15E-88		0		3.75E-15		0		6.21E-85		0		1.31E-25		0		6.68E-48		0		6.36E-26

		0.3052631579		0		1.19E-47		0		1.29E-06		0		7.46E-46		0		2.39E-12		0		9.56E-25		0		1.69E-12

		0.3736842105		0		4.46E-28		0		0.0039345059		0		5.06E-27		0		2.10E-06		0		7.17E-14		0		1.69E-06

		0.4421052632		0		1.87E-17		0.5		0.1054339503		0		8.17E-17		0.5		0.0016049905		0		3.49E-08		0		0.0013688824

		0.5105263158		0		3.02E-11		0.5		0.3136882861		0		7.46E-11		0		0.0410227878		0		5.01E-05		0		0.0365550112

		0.5789473684		0		1.92E-07		0		0.3082772473		0		3.33E-07		0		0.1745927534		0		0.0031468223		0		0.1626995198

		0.6473684211		0		4.79E-05		0		0.1686623433		0		6.61E-05		0.5		0.2725547994		0		0.0325406449		0.5		0.2656250549

		0.7157894737		0		0.0016025916		0		0.0672858726		0		0.0019168247		0		0.2373689931		0.5		0.1126611146		0.5		0.2412103601

		0.7842105263		0		0.01472891		0		0.022684656		0		0.0160766447		0		0.1460247667		0.5		0.1955475865		0		0.1538288676

		0.8526315789		0		0.0571843933		0		0.0070295699		0		0.0590046472		0		0.0729088985		0		0.2166433136		0		0.0790002558

		0.9210526316		0		0.1231456024		0		0.0021032292		0.5		0.1230584759		0		0.0321556422		0		0.1780815524		0		0.0355156802

		0.9894736842		0.5		0.1757424948		0		6.26E-04		0.5		0.172989833		0		0.0132102771		0		0.1196844599		0		0.0147318098

		1.0578947368		0.5		0.1873321896		0		1.88E-04		0		0.1838550067		0		0.0052301545		0		0.070145479		0		0.005833388

		1.1263157895		0		0.1619626772		0		5.80E-05		0		0.1598888862		0		0.0020401076		0		0.037458671		0		0.0022551934

		1.1947368421		0		0.1203496288		0		1.84E-05		0		0.1202785424		0		7.95E-04		0		0.0187895738		0		8.64E-04

		1.2631578947		0		0.0801127575		0		6.00E-06		0		0.081442546		0		3.13E-04		0		0.009045258		0		3.32E-04

		1.3315789474		0		0.049233034		0		2.03E-06		0		0.0510910277		0		1.25E-04		0		0.0042435611		0		1.28E-04

		1.4		0		0.0285576746		0		7.07E-07		0		0.0303311089		0		5.07E-05		0		0.0019618058		0		5.03E-05

				Rand. walk w/trend		Rand. walk w/trend		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Intrinsic Productivity		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		0.1		0		4.86E-21		0		6.17E-26		0		6.12E-24		0		9.91E-27

		0.3034482759		0		2.54E-08		0		6.26E-13		0		2.18E-11		0		2.38E-14

		0.5068965517		0		1.57E-04		0		5.65E-09		0		1.35E-07		0		1.39E-10

		0.7103448276		0		0.0114471509		0		6.05E-07		0		1.32E-05		0		1.41E-08

		0.9137931034		0		0.1084324101		0		9.41E-06		0		2.47E-04		0		3.06E-07

		1.1172413793		0.5		0.2754145348		0		4.78E-05		0		0.0018100772		0		2.94E-06

		1.3206896552		0.5		0.2918862816		0		1.38E-04		0		0.0071987282		0		1.67E-05

		1.524137931		0		0.1803790209		0		3.25E-04		0		0.0188897755		0		6.50E-05

		1.7275862069		0		0.0821746256		0		6.88E-04		0		0.0371318036		0		1.92E-04

		1.9310344828		0		0.0320139044		0		0.0012906995		0		0.0591914473		0		4.60E-04

		2.1344827586		0		0.0116332359		0		0.0021813914		0.5		0.0803929537		0		9.44E-04

		2.3379310345		0		0.0041356369		0		0.0034252628		0		0.0961430118		0		0.0017192163

		2.5413793103		0		0.0014743546		0		0.0051408922		0		0.1037286305		0		0.0028652493

		2.7448275862		0		5.33E-04		0		0.0075275599		0.5		0.1029362291		0		0.0044613419

		2.9482758621		0		1.97E-04		0		0.0107708646		0		0.0954763479		0		0.0065900152

		3.1517241379		0		7.43E-05		0		0.0147350471		0		0.0838921717		0		0.0093375802

		3.3551724138		0		2.86E-05		0		0.0190685443		0		0.0706201763		0		0.012793784

		3.5586206897		0		1.13E-05		0		0.0241054543		0		0.0574875879		0		0.0170505381

		3.7620689655		0		4.53E-06		0		0.0312979892		0		0.0456037085		0		0.0222001982

		3.9655172414		0		1.86E-06		0		0.0419863725		0		0.0354765458		0		0.0283337735

		4.1689655172		0		7.74E-07		0		0.0554820082		0		0.0272031039		0		0.0355392896

		4.3724137931		0		3.28E-07		0		0.0685747499		0		0.0206453997		0		0.0439004024

		4.575862069		0		1.42E-07		0		0.0772583866		0		0.0155593491		0		0.0534952877

		4.7793103448		0		6.21E-08		0		0.0793310702		0		0.0116752009		0		0.064395794

		4.9827586207		0		2.76E-08		0		0.0758885399		0		0.0087406052		0		0.0766668275

		5.1862068966		0		1.25E-08		0		0.0710092826		0		0.0065391777		0		0.09036594

		5.3896551724		0		5.70E-09		0		0.0704379079		0		0.0048949219		0		0.1055430878

		5.5931034483		0		2.64E-09		0		0.0803238309		0		0.0036695337		0		0.1222405342

		5.7965517241		0		1.24E-09		0		0.1063153149		0		0.0027568192		0		0.1404928723

		6		0		5.89E-10		1		0.1526401799		0		0.0020765147		1		0.1603271466

				Constant recruitment		Constant recruitment		Hockey-Stick		Hockey-Stick		Ricker		Ricker		Beverton-Holt		Beverton-Holt

		Carrying Capacity		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian		Bootstrap		Bayesian

		10		0		1.35E-32		0		3.66E-09		0		3.15E-37		0		5.08E-31

		26.8965517241		0		1.37E-18		1		0.31530784		0		6.27E-21		0		2.17E-17

		43.7931034483		0		1.51E-13		0		0.567598453		0		5.56E-15		0		1.41E-12

		60.6896551724		0		1.23E-10		0		0.0895522633		0		1.33E-11		0		6.51E-10

		77.5862068966		0		1.85E-08		0		0.017856519		0		2.29E-09		0		4.36E-08

		94.4827586207		0		1.39E-06		0		0.0056366199		0		9.82E-08		0		1.17E-06

		111.3793103448		0		6.43E-05		0		0.0022617862		0		1.86E-06		0		1.83E-05

		128.275862069		0		0.0016937045		0		9.21E-04		0		2.09E-05		0		1.87E-04

		145.1724137931		0		0.022076342		0		3.86E-04		0		1.59E-04		0		0.0012993833

		162.0689655172		0		0.1244393056		0		1.73E-04		0		8.75E-04		0		0.006218833

		178.9655172414		0.5		0.2899451367		0		7.82E-05		0		0.0036006423		0		0.0208392231

		195.8620689655		0.5		0.3032972866		0		4.23E-05		0		0.0112888142		0		0.0501609815

		212.7586206897		0		0.1703867027		0		3.06E-05		0		0.0274484316		0		0.0898799135

		229.6551724138		0		0.0631544196		0		2.21E-05		0		0.0528667166		0		0.1251535537

		246.5517241379		0		0.0184424651		0		1.78E-05		0.5		0.0826922559		0.5		0.1417866176

		263.4482758621		0		0.0048248446		0		1.49E-05		0		0.1079911095		0		0.1366390759

		280.3448275862		0		0.0012287967		0		1.24E-05		0.5		0.1211868433		0		0.1165957208

		297.2413793103		0		3.20E-04		0		1.10E-05		0		0.120200486		0		0.0911536533

		314.1379310345		0		8.76E-05		0		1.00E-05		0		0.108167137		0.5		0.0671269813

		331.0344827586		0		2.55E-05		0		9.08E-06		0		0.0903856614		0		0.04758909

		347.9310344828		0		7.95E-06		0		8.22E-06		0		0.0715523403		0		0.0330227633

		364.8275862069		0		2.65E-06		0		7.42E-06		0		0.0545976801		0		0.0227076307

		381.724137931		0		9.42E-07		0		6.69E-06		0		0.040765384		0		0.0156122442

		398.6206896552		0		3.56E-07		0		6.03E-06		0		0.0301741594		0		0.0108002024

		415.5172413793		0		1.42E-07		0		5.62E-06		0		0.0223814862		0		0.0075498183

		432.4137931034		0		5.98E-08		0		5.31E-06		0		0.0167734949		0		0.0053479634

		449.3103448276		0		2.63E-08		0		5.02E-06		0		0.0127718357		0		0.0038451311

		466.2068965517		0		1.21E-08		0		4.81E-06		0		0.0099113883		0		0.0028084942

		483.1034482759		0		5.77E-09		0		4.65E-06		0		0.0078482309		0		0.0020844431

		500		0		2.84E-09		0		4.49E-06		0		0.0063396509		0		0.0015717975

		Original data used:

		Year		Spawners		Recruits		Survival

		1967		404		148.14

		1968		87		142.26

		1969		228		188.47

		1970		281		130.38

		1971		237		67.62

		1972		83		133.13

		1973		183		153.9

		1974		196		60.42

		1975		86		113.26

		1976		50		122.43

		1977		193		287.19

		1978		131		281.49

		1979		5		144.34

		1980		193		168.01

		1981		60		250.45

		1982		455		293.69

		1983		162		445.85

		1984		130		259.08

		1985		191		117.85

		1986		292		174

		1987		285		507.33

		1988		576		537.17

		1989		34		273.6

		1990		177		175.62

		1991		151		199.06

		1992		768		261.12

		Best-fit models

				Random walk		Constant recruitment		Rand. walk w/trend		Hockey-Stick		Ricker		Beverton-Holt		Random walk		Constant recruitment		Rand. walk w/trend		Hockey-Stick		Ricker		Beverton-Holt

		Spawners		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bootstrap		Bayesian		Bayesian		Bayesian		Bayesian		Bayesian		Bayesian

		0		0		195.8620689655		0		0		0		0		0		195.8620689655		0		0		0		0

		25.6		25.6		195.8620689655		33.8096551724		153.6		64.0781057127		94.6399641515		25.6		195.8620689655		33.8096551724		153.6		59.735468162		94.6399641515

		51.2		51.2		195.8620689655		67.6193103448		161.3793103448		116.8676441976		136.7773432635		51.2		195.8620689655		67.6193103448		262.7586206897		109.6945583229		136.7773432635

		76.8		76.8		195.8620689655		101.4289655172		161.3793103448		159.8601360214		160.6146286294		76.8		195.8620689655		101.4289655172		262.7586206897		151.0772807499		160.6146286294

		102.4		102.4		195.8620689655		135.2386206897		161.3793103448		194.3719287594		175.9464265688		102.4		195.8620689655		135.2386206897		262.7586206897		184.9527156355		175.9464265688

		128		128		195.8620689655		169.0482758621		161.3793103448		221.5634845125		186.6358507239		128		195.8620689655		169.0482758621		262.7586206897		212.2724057049		186.6358507239

		153.6		153.6		195.8620689655		202.8579310345		161.3793103448		242.4566287083		194.5141750599		153.6		195.8620689655		202.8579310345		262.7586206897		233.8824337138		194.5141750599

		179.2		179.2		195.8620689655		236.6675862069		161.3793103448		257.9499696953		200.5614284074		179.2		195.8620689655		236.6675862069		262.7586206897		250.5343103879		200.5614284074

		204.8		204.8		195.8620689655		270.4772413793		161.3793103448		268.8326775478		205.3495133831		204.8		195.8620689655		270.4772413793		262.7586206897		262.8947866158		205.3495133831

		230.4		230.4		195.8620689655		304.2868965517		161.3793103448		275.7967914999		209.2346251873		230.4		195.8620689655		304.2868965517		262.7586206897		271.5546930437		209.2346251873

		256		256		195.8620689655		338.0965517241		161.3793103448		279.4482083091		212.4501876427		256		195.8620689655		338.0965517241		262.7586206897		277.0369005446		212.4501876427

		281.6		281.6		195.8620689655		371.9062068966		161.3793103448		280.3164884386		215.1555520727		281.6		195.8620689655		371.9062068966		262.7586206897		279.8034862484		215.1555520727

		307.2		307.2		195.8620689655		405.715862069		161.3793103448		278.863603063		217.4632195212		307.2		195.8620689655		405.715862069		262.7586206897		280.2621818458		217.4632195212

		332.8		332.8		195.8620689655		439.5255172414		161.3793103448		275.4917324071		219.4548797059		332.8		195.8620689655		439.5255172414		262.7586206897		278.7721736457		219.4548797059

		358.4		358.4		195.8620689655		473.3351724138		161.3793103448		270.5502146767		221.1912831815		358.4		195.8620689655		473.3351724138		262.7586206897		275.6493172982		221.1912831815

		384		384		195.8620689655		507.1448275862		161.3793103448		264.3417347143		222.7185463591		384		195.8620689655		507.1448275862		262.7586206897		271.1708241416		222.7185463591

		409.6		409.6		195.8620689655		540.9544827586		161.3793103448		257.1278324004		224.0723077158		409.6		195.8620689655		540.9544827586		262.7586206897		265.57947073		224.0723077158

		435.2		435.2		195.8620689655		574.764137931		161.3793103448		249.133802623		225.2805436635		435.2		195.8620689655		574.764137931		262.7586206897		259.087378195		225.2805436635

		460.8		460.8		195.8620689655		608.5737931034		161.3793103448		240.553051264		226.3655226431		460.8		195.8620689655		608.5737931034		262.7586206897		251.8794036573		226.3655226431

		486.4		486.4		195.8620689655		642.3834482759		161.3793103448		231.5509650158		227.3451902083		486.4		195.8620689655		642.3834482759		262.7586206897		244.116181872		227.3451902083

		512		512		195.8620689655		676.1931034483		161.3793103448		222.2683468797		228.2341694549		512		195.8620689655		676.1931034483		262.7586206897		235.9368516407		228.2341694549

		537.6		537.6		195.8620689655		710.0027586207		161.3793103448		212.8244638332		229.0444959103		537.6		195.8620689655		710.0027586207		262.7586206897		227.4614982154		229.0444959103

		563.2		563.2		195.8620689655		743.8124137931		161.3793103448		203.3197483356		229.7861656275		563.2		195.8620689655		743.8124137931		262.7586206897		218.7933399171		229.7861656275

		588.8		588.8		195.8620689655		777.6220689655		161.3793103448		193.8381910067		230.4675496254		588.8		195.8620689655		777.6220689655		262.7586206897		210.0206844775		230.4675496254

		614.4		614.4		195.8620689655		811.4317241379		161.3793103448		184.4494579248		231.0957112145		614.4		195.8620689655		811.4317241379		262.7586206897		201.2186781484		231.0957112145

		640		640		195.8620689655		845.2413793103		161.3793103448		175.2107624933		231.6766517593		640		195.8620689655		845.2413793103		262.7586206897		192.4508683952		231.6766517593

		665.6		665.6		195.8620689655		879.0510344828		161.3793103448		166.1685186838		232.2155030236		665.6		195.8620689655		879.0510344828		262.7586206897		183.77059897		232.2155030236

		691.2		691.2		195.8620689655		912.8606896552		161.3793103448		157.3597996493		232.7166791714		691.2		195.8620689655		912.8606896552		262.7586206897		175.2222543339		232.7166791714

		716.8		716.8		195.8620689655		946.6703448276		161.3793103448		148.8136231651		233.1839979617		716.8		195.8620689655		946.6703448276		262.7586206897		166.8423687428		233.1839979617

		742.4		742.4		195.8620689655		980.48		161.3793103448		140.5520830904		233.6207781843		742.4		195.8620689655		980.48		262.7586206897		158.6606138116		233.6207781843





Lower Gorge Chum SR out2

		10		10		10		10

		26.8965517241		26.8965517241		26.8965517241		26.8965517241

		43.7931034483		43.7931034483		43.7931034483		43.7931034483

		60.6896551724		60.6896551724		60.6896551724		60.6896551724

		77.5862068966		77.5862068966		77.5862068966		77.5862068966

		94.4827586207		94.4827586207		94.4827586207		94.4827586207

		111.3793103448		111.3793103448		111.3793103448		111.3793103448

		128.275862069		128.275862069		128.275862069		128.275862069

		145.1724137931		145.1724137931		145.1724137931		145.1724137931

		162.0689655172		162.0689655172		162.0689655172		162.0689655172

		178.9655172414		178.9655172414		178.9655172414		178.9655172414

		195.8620689655		195.8620689655		195.8620689655		195.8620689655

		212.7586206897		212.7586206897		212.7586206897		212.7586206897

		229.6551724138		229.6551724138		229.6551724138		229.6551724138

		246.5517241379		246.5517241379		246.5517241379		246.5517241379

		263.4482758621		263.4482758621		263.4482758621		263.4482758621

		280.3448275862		280.3448275862		280.3448275862		280.3448275862

		297.2413793103		297.2413793103		297.2413793103		297.2413793103

		314.1379310345		314.1379310345		314.1379310345		314.1379310345

		331.0344827586		331.0344827586		331.0344827586		331.0344827586

		347.9310344828		347.9310344828		347.9310344828		347.9310344828

		364.8275862069		364.8275862069		364.8275862069		364.8275862069

		381.724137931		381.724137931		381.724137931		381.724137931

		398.6206896552		398.6206896552		398.6206896552		398.6206896552

		415.5172413793		415.5172413793		415.5172413793		415.5172413793

		432.4137931034		432.4137931034		432.4137931034		432.4137931034

		449.3103448276		449.3103448276		449.3103448276		449.3103448276

		466.2068965517		466.2068965517		466.2068965517		466.2068965517

		483.1034482759		483.1034482759		483.1034482759		483.1034482759

		500		500		500		500
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0.0000000037
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0
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0

0

0.0000000001
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0
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0.0000000023
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0.000158749

0.0012993833
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0.0001729465

0.0008746635

0.006218833

0.2899451367

0.0000782052

0.0036006423

0.0208392231

0.3032972866

0.0000422765

0.0112888142

0.0501609815

0.1703867027

0.0000305962

0.0274484316

0.0898799135

0.0631544196

0.0000221187

0.0528667166

0.1251535537

0.0184424651

0.0000177608

0.0826922559

0.1417866176

0.0048248446

0.0000148828

0.1079911095

0.1366390759

0.0012287967

0.0000123751

0.1211868433

0.1165957208

0.0003200692

0.0000109698

0.120200486

0.0911536533

0.0000875944

0.0000099992

0.108167137

0.0671269813

0.0000255179

0.0000090779

0.0903856614

0.04758909

0.0000079512

0.0000082167

0.0715523403

0.0330227633

0.00000265

0.0000074207
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0.0000009422

0.0000066912

0.040765384
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0.000000356

0.0000060272
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0.0000001422

0.0000056176

0.0223814862

0.0075498183

0.0000000598

0.0000053135
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0.0000000263

0.0000050187

0.0127718357

0.0038451311

0.0000000121

0.000004814

0.0099113883
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0.0000000058

0.0000046521

0.0078482309
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0.0000000028

0.000004492

0.0063396509

0.0015717975



		0		0		0		0		0		0		404

		25.6		25.6		25.6		25.6		25.6		25.6		87

		51.2		51.2		51.2		51.2		51.2		51.2		228

		76.8		76.8		76.8		76.8		76.8		76.8		281

		102.4		102.4		102.4		102.4		102.4		102.4		237

		128		128		128		128		128		128		83

		153.6		153.6		153.6		153.6		153.6		153.6		183

		179.2		179.2		179.2		179.2		179.2		179.2		196

		204.8		204.8		204.8		204.8		204.8		204.8		86

		230.4		230.4		230.4		230.4		230.4		230.4		50

		256		256		256		256		256		256		193

		281.6		281.6		281.6		281.6		281.6		281.6		131

		307.2		307.2		307.2		307.2		307.2		307.2		5

		332.8		332.8		332.8		332.8		332.8		332.8		193

		358.4		358.4		358.4		358.4		358.4		358.4		60

		384		384		384		384		384		384		455

		409.6		409.6		409.6		409.6		409.6		409.6		162

		435.2		435.2		435.2		435.2		435.2		435.2		130

		460.8		460.8		460.8		460.8		460.8		460.8		191

		486.4		486.4		486.4		486.4		486.4		486.4		292

		512		512		512		512		512		512		285

		537.6		537.6		537.6		537.6		537.6		537.6		576

		563.2		563.2		563.2		563.2		563.2		563.2		34

		588.8		588.8		588.8		588.8		588.8		588.8		177

		614.4		614.4		614.4		614.4		614.4		614.4		151

		640		640		640		640		640		640		768

		665.6		665.6		665.6		665.6		665.6		665.6

		691.2		691.2		691.2		691.2		691.2		691.2

		716.8		716.8		716.8		716.8		716.8		716.8

		742.4		742.4		742.4		742.4		742.4		742.4
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384
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507.1448275862

262.7586206897
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259.08
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273.6
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