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Density Dependence

Figure V.1. Evidence for density 
dependence in 27 Interior Columbia 
River spring and summer Chinook 
populations, brood years 1980 to 
~2005. Relationships based on the 
linearized form of the Ricker model. 
Recruitment includes ocean and in-
river harvests. Dashed lines represent 
95% prediction intervals for a 
specified number of spawners when 
regression was statistically significant 
(P < 0.05). Values less than log[R/S] < 
0 indicate R/S is less than 1. LS = 
Lower Snake River, SF = South Fork 
Salmon River, MF = Middle Fork 
Salmon River, GR = Grande Ronde. 
Source: Zabel and Cooney (2013).



Density Dependence

Figure V.9. Population-specific 
predicted relationships between 
smolt survival (a) and parr survival (b) 
of spring/summer Chinook versus an 
index of parent spawners (redd
counts). Survival is estimated from PIT 
tag data for the period from collection 
at the traps on the natal river to 
detection at the Lower Granite Dam 
(Snake River, Washington). A 
significant negative relationship (P < 
0.05) is evident in all nine 
populations. The investigators suggest 
that the steeper slopes for parr reflect 
higher density dependent mortality 
during winter. More numerous 
spawners lead to reduced growth 
(Figure V.10) and lower survival. 
Source: Walters et al. (2013a).



Relate this to freshwater habitat
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Beverton-Holt as multistage life-cycle model
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Or as stages (e.g. egg-fry, fry-parr, parr-smolt, smolt-to-adult)

Carrying capacity per life stage not quite as simple
but still possible
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Si = realized survival, 
fxn of stage-specific 

productivity & carrying 
capacity parameters 
(Beverton-Holt form)
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Grande Ronde
Chinook
Weber et al. 2018
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From: McHugh et al. 2017

Mousalli & Hilborn 1986, Sharma et al. 2005, 
Scheuerell et al. 2006

Middle Fork John Day O. mykiss life cycle and model structure



Life-cycle survival

Spawner to Spawner (Recruits) = overall life-cycle survival (Slc)
• by cohort (brood year)
• arrival to basin (escapement)
• need to account for upstream mortality (harvest)

Slc = SAR * Segg:smolt

Mainstem, estuary, ocean                   tributary
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Redd Counts
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Weir Counts



Adult expansion
(tag @ LGR → detect at trib)



Grande Ronde Chinook spawners
Weber et al. 2018



Adult steelhead

Adult Chinook

Model 

parameterization:

Where does the 

data come from?

Year

Fecundity 

(eggs per. female)

1997 3782

1998 4066

1999 3742

2000 3872

2001 3801

2002 3754

2003 3868

2004 3742

2005 3852
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Abundance
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• N = Estimate of total population size

• M = Total number of animals captured and marked on the first visit

• C = Total number of animals captured on the second visit

• R = Number of animals captured on the first visit that were then recaptured on 
the second visit

Lincoln-Peterson
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Cormack-Jolly-Seber

• ф= apparent survival probability 
(includes emigration and 
immigration)

• p = capture probability

Barker Model

• S = survival probability

• p = capture probability

• r = the probability found dead 
and the tag reported (assume 
0)

• R = the probability of being 
resighted (alive) between 
capture events

• R′ = the probability that the 
fish dies, is not found dead but 
was resighted alive between 
capture events before it died.

• Fi = site fidelity

• F′i = immigration rate



Beverton-Holt for egg-to-parr
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Life-cycle survival

Spawner to Spawner (Recruits) = overall life-cycle survival (Slc)
• by cohort (brood year)
• arrival to basin (escapement)
• need to account for upstream mortality (harvest)

Slc = SAR * Segg:smolt

Mainstem, estuary, ocean                   tributary

eggs=Spawners*Fecundity to smolt

fish-in to fish-out
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Where does the 
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Cormack-Jolly-Seber

Return rate = survival X encounter
or

=Φp

• ф= apparent survival probability 

• p = capture probability



Grande Ronde Chinook SARs
Weber et al. 2018



Model Output 
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Validation 
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Parameter Group Parameter Average Sens.

Capacity Adult/Egg Cap. 0.014

Age-0 Parr Cap. 0.336

Age-1+ Presmolt Cap. 0.668

Productivity/Survival Egg-to-parr S 1.202

Age-0 Parr S 1.480

Age-1 Presmolt S 1.739

Age-2+ Presmolt S 0.244

Smolt migration S 2.120

Ocean age-1 S 2.123

Ocean age-2 S 0.950

Ocean age-3 S 0.012

Adult Mainstem/Prespawn S 0.986

Steelhead post-spawn S 0.117

Rainbow post-spawn S 0.005

Other Life Hist. Parms Smolt prob. 1 0.189

Smolt prob. 2+ 1.222

Mat. prob. OA1 0.432

Mat prob. OA2+ 0.130

Steelhead Fecundity 1.189

Resident Fecundity 0.001

Parameter Sensitivity

• One-at-a-time proportional 
perturbations, -50 to +50% 

• Sensitivity index:

𝑆𝑒𝑛𝑠 =
(𝑅𝑠𝑐𝑒𝑛−𝑅𝑏𝑎𝑠𝑒)/𝑅𝑏𝑎𝑠𝑒

(𝑃𝑠𝑐𝑒𝑛−𝑃𝑏𝑎𝑠𝑒)/𝑃𝑏𝑎𝑠𝑒

• R = mean Nspawn

• Noteworthy parameters:
-- juvenile capacity (and breakout)
-- high-mort., common stages
-- repeat spawning = negligible
-- residency, inconsequential

• But abundance is only part of 
the story…


