Text S2: Rational for classifying all age 4 Chinook Salmon as male in the manuscript:
Population Trends for Chinook and Summer Chum Salmon in Two Yukon River Tributaries in Alaska


Test SD2: Rational for classifying all age 4 Chinook Salmon as male
Background
There can be significant errors in sex determination in Chinook Salmon when sex classification is done with external examination of live fish (DuBois and Molyneaux 2000; Lozori and Macintosh 2014), which is how sex is classified during weir sampling (Carlson 2017; Mears and Morela 2017). During the 2007 season, a procedural decision was made to classify all age 4 Chinook Salmon as male, post-season, when age data became available (Maschmann 2008; Melegari 2008). This decision was made because the female proportions reported at the weirs were anomalously high when compared with similar data from sampling projects were sex was classified based on internal examination of the gonads, sex known with certainty, or projects in which fish were sampled farther upstream in the drainage where sex-specific morphology was more developed (Bales 2007; Karpovich and DuBois 2007). Karpovich and DuBois (2007) specifically pointed out this anomaly in age 4 data from the EF Andreafsky River weir. We reexamined this 2007 decision considering large samples of Chinook Salmon from main-stem collection locations in which sex was classified based on internal examination of gonads. We subsequently classified all age 4 Chinook Salmon as male for the entire data set. Following is our justification for this classification change.
Assuming that data from the weirs should generally conform to broad patterns of sex-specific length distribution and age structure of the drainage-wide Chinook Salmon stock, we compared age and length distributions from weir samples over all observed years with data from a large sample of Chinook Salmon (n > 32,000) in which sex was determined by internal examination of gonads. These known-sex collections were from the Yukon River main-stem sampling programs operating in the delta, at Pilot Station, and at the Eagle sonar project during the years 2000–2018. They were drawn from the on-line database of fisheries information maintained by the ADFG (http://www.adfg.alaska.gov/CommFishR3/Website/AYKDBMS Website/DataTypes/ASL.aspx). 
Sex specific age and length distributions
Comparisons between known-sex Chinook Salmon samples of age and length distributions collected in the lower Yukon River test fishing projects with EF Andreafsky and Gisasa River weir samples highlighted one major contrast that we corrected in our data. Age 4 Chinook Salmon in 19 annual known-sex collections averaged about 1% female with a range from 0–4% (Figure 1), which was consistent with similar data from the lower Kuskokwim River (DuBois and Molyneaux 2000). By contrast, the annual percent female within age 4 samples from the EF Andreafsky River weir averaged 14% (n = 22 annual collections) with a range from 0–38%, and for the Gisasa River averaged 4% (n = 20 annual collections) with a range from 0–23%. Annual variation of percent female within age classes 5 and 6 were more widely distributed with considerable similarity between projects classifying sex internally and externally. Additionally, the length distribution of female Chinook Salmon from known-sex collections (pooled across years) was almost perfectly normal with very few fish shorter than 650 mm MEF (Figure 2). By contrast, the length distributions of females from the original EF Andreafsky and Gisasa River samples revealed a distinct skew to the left extending down to 500 mm MEF or less, a region occupied almost exclusively by age 4 males in the known-sex collections. We reasoned that the large fractions of age 4 fish that were classified as females at the weirs were almost all incorrect and reclassified them as males, which resulted in average sex reclassification about 3% and 1% of the annual Chinook Salmon samples from the EF Andreafsky and Gisasa rivers, respectively. The corrected length distributions of females in the EF Andreafsky and Gisasa River weir collections were subsequently much more in-line with the large sample of known-sex Chinook Salmon.   
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Figure 1. Boxplots of annual percent female within the three dominant brood year age classes of Chinook Salmon Oncorhynchus tshawytscha at the EF Andreafsky (n = 22 annual samples) and Gisasa (n = 20 annual samples) River weirs, where sex was classified by external examination, and by the test fishing operations in the Yukon River (n = 19 annual samples), where sex was classified by direct observation of gonads. 
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Figure 2. Sex specific length distributions of Chinook Salmon Oncorhynchus tshawytscha from known-sex samples from the Yukon River (n = 32,621), where sex was classified based on direct observation of gonads, and from pooled annual samples collected from the EF Andreafsky (n = 11,449) and Gisasa (n = 10,004) River weirs, where sex was classified by external observation of body morphology (left panels). The uncorrected weir samples included a long left skewed tail of females (purple bars) smaller than 650 mm MEF. These small fish classified as females were overwhelmingly age 4 fish. Fish smaller than 650 mm MEF and fish age 4 fish in known-sex samples are about 99% male (tan bars). When we reassigned all age 4 fish as male, which we refer to as our corrected samples, the female length distributions from the weirs closely resembled the known-sex sample (right panels). We used these corrected samples in analyses involving sex-specific parameters.
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