Appendix A. Analysis of winter-run monthly spawn timing

To estimate the proportion of winter-run spawning among the months of April to August, we
conducted an analysis of the numbers of winter-run carcasses detected in each of the months April
to August. We were interested in understanding whether the proportions spawning among months
were static across all years, or alternatively, whether the proportions varied among years due to the
environmental conditions in that year. That is, whether there were some environmental conditions
that caused shifts to earlier spawning in some years.

Data

Winter-run carcass observations by date were shifted two weeks earlier to generate “observed”
number of fish spawning by date. These spawning numbers by date were coalesced by month to
form N.spawnn, the observed (based on carcass counts) number of winter-run Chinook spawning in
month m in year t.

To evaluate annual variability in the proportion spawning in a given month, we calculated a
spawning proportion anomaly as the standardized proportion of fish spawning each month (SPry,¢).
For example, the values of the standardized April values were

P.spawnp,  — mean(P.spawny,,)

SPapre =
Aprit std dev(P.spawnp,)

where the proportion spawning in each month for a given year t (subscript suppressed) was
calculated as

N.spawn,,
P.spawn,, = ————.
p m = S Nspawn,,

To understand how these annual anomalies varied as a function of water temperature, we
calculated the Pearson’s correlation coefficient between mean monthly temperature below Keswick
Dam between January and June and the standardized proportions (Figure Al).
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Figure Al. Pearson correlation coefficients (upper triangle), histograms (diagonal) and scatter plots (lower
triangle) for all combinations of monthly spawning proportion anomalies and Keswick water temperatures.
The red box indicates the month by temperature correlations, and red asterisks indicate significant
correlation coefficients.

Statistical analysis

We fit a multinomial logistic regression using the multinom function from the nnet package in R to
the number of winter-run Chinook spawning in each month, N.spawn,,;. We evaluated the ability of
April Keswick temperatures to explain annual variability in the spawning timing. We focused on
April temperatures because April is the first month of spawning, and April would allow this physical
variable to be used as a predictor of spawn timing for future years. The monthly average April
temperatures at Keswick were standardized (subtracted mean and divided by standard deviation)
for use in the multinomial model.

We fit a base model without the April temperature effect and we fit the model with the April effect
and used Akaike Information Criterion (AIC) to compare the models. The AIC value for the base
multinomial model was 75822, whereas the value for the multinomial model including April
temperature as a covariate was 74209. The difference in AIC was 1613, providing strong support for
the model with the April temperature covariate.

The model coefficients for the multinomial model with April covariate indicated increasing spawning
in July and August (positive coefficient values) when April temperatures increased (Table A1 and
Figure A2). The model coefficients (Table A1) can thus be used for making predictions of spawning
proportions using standardized April temperatures as displayed in Figure A2.
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Table Al. Coefficient estimates of the multinomial model including April covariate. The effect of the April
covariate is reflected in the B1 coefficient estimate.

Estimate Standard Error
Month BO B1 BO B1
Apr -4.145 0.054 0.06 0.062
May -1.796 -0.203 0.02 0.02
Jul -0.332 0.385 0.012 0.012
Aug -3.443 0.792 0.044 0.045
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Figure A2. Predictions of the proportion of winter-run Chinook spawning from the multinomial regression
model using April temperatures at Keswick Dam as a predictor variable.
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