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Supplement B: Sexual Maturation of Winter Chinook Salmon in the Sacramento River 

 

The best available information on sex- and age-specific maturation rates for Sacramento 

River winter Chinook Salmon comes indirectly from coded wire tag data on hatchery-origin 

spawner age distributions observed during carcass surveys in the natural spawning area (USFWS 

2010). Coded wire tag data allow spawners to be accurately assigned to each age. Natural-origin 

fish are not aged directly but are classified as either age 2 or older on the basis of a length cutoff 

(USFWS 2010). A winter Chinook Salmon cohort reconstruction analysis by O’Farrell et al. 

(2012) estimated age-specific (but not sex-specific) maturation rates for hatchery-origin winter 

Chinook Salmon from brood years 1998–2003. Maturation rates differ between males and 

females (e.g., males have a higher age-2 maturation rate; USFWS 2010), so we derived sex-

specific maturation rates for our model. Given the more accurate and higher-resolution data for 

hatchery-origin fish, we chose to estimate maturation rates from these data and assumed that the 

maturation rates of natural-origin fish were the same. The female age-2 maturation rate appears 

to be very low and similar between hatchery- and natural-origin fish, but the age-2 maturation 

rate of natural-origin males may be somewhat lower than for hatchery-origin males (USFWS 

2010). 

The sexual maturation parameters in our statistical model were τs,a, the probability that an 

immature fish of sex s that survives to the end of age a will spawn. To calculate τs,a ,we first 

calculated the sex-specific proportion of spawners represented by each age, fs,a, on the basis of 

the average age distribution of hatchery-origin fish returning to spawn between 2001 and 2009 

(USFWS 2010). We used values of ff,{2,3,4} = {0.001, 0.978, 0.021} and fm,{2,3,4} = {0.210, 0.749, 

0.041}. 



Given the assumptions that all fish mature by age 4 (τs,4 = 1) and that, if hatchery 

production changed during the study period, it changed deterministically at a constant rate, λ, 

with a constant adult natural survival rate, η, and constant age-specific fishing mortality rates, ia, 

the remaining τs,a can be calculated as 
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Equation SB.1 was derived as follows. The proportions of spawners at each age in year t are 

proportional to the following quantities: 
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where Pt is the number of juveniles released by the hatchery in year t and κj is the survival rate of 

hatchery-origin juveniles to the end of age 2 (assumed here to be constant over time). 

Furthermore, given a constant rate of change in hatchery production, 
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and rearranging to solve for τs,3, results in 
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Similarly, 
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and 
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The number of juveniles released from the hatchery each year varied between 1998 and 

2009, but there was no strong overall trend, so we assumed that λ = 1. We also assumed that η= 

0.8, i3 = 0.2, and i4 = 0.36 (O’Farrell et al. 2012). The resulting age-2 and age-3 maturation rates 

were 0.14 and 0.90 for males and 0.00063 and 0.96 for females, respectively. The cohort 

reconstruction analysis by O’Farrell et al. (2012) allowed for maturation rates to vary over time 

and more accurately accounted for the differences in cohort size than did our calculations here. 

Nevertheless, the means of their estimated maturation rates, age 2 = 0.070 and age 3 = 0.93, were 

identical to the maturation rates obtained using our method and pooling the sexes. Thus, despite 

the simplifying assumptions made here, we feel that our maturation rate estimates were 

reasonable approximations. 
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