
indicated that survival was higher for Chinook transiting uncon-
taminated estuaries for 28 out of 32 years (p < 0.0001) (Table 5).
When compared year by year, the mean difference in survival for
Chinook transiting uncontaminated estuaries was 2.5-fold higher
(n = 32 years) and for coho was essentially neutral (0.98-fold) (n =
36) (Table S11). The Wilcoxon test for fish mass at release re-
turned a p value of 0.25, also indicating no pattern among years.
The Chinook SAR over years as grouped by estuary contamination
status is highlighted in Fig. 2. For the past 10 years (1998–2008), the
SAR was on average 2.1-fold higher for fish transiting uncontami-
nated versus contaminated estuaries (Table S11).

The regression between SAR and release mass for Chinook over
all tag code groups indicated a weak relationship (R2 = 0.03,
p = 0.002, n = 390), which was also observed when analyzed sepa-
rately by contamination group. A similar result was obtained
when all tag code groups (n = 290) were included from 1985 to 2008
(R2 = 0.01, p = 0.09). The regression between the SAR and release
DoY for all tag code groups (n = 390) in this time period exhibited
a low p value (p < 0.001); however, the R2 (0.08) was too low to be
predictive. A regression with all qualifying tag code groups (n = 57)
for the same years as those analyzed by Duffy and Beauchamp
(2011) yielded a relatively strong negative correlation (log SAR =
−0.134 − 0.015 × DoY; R2 = 0.38, p < 0.001), which supports the
importance of this factor for select time periods.

A generalized linear model (GLM) was constructed with Chinook
SAR as the dependent variable and release mass and DoY as inde-
pendent variables using all tag code groups (n = 390). The overall
model exhibited a low p value (p = 0.002) using only DoY due to the
large sample size. The Akaike information criteria (AIC) changed
less than 1.7% for each parameter added (release mass and the
interaction term), and the R2 was always below 0.1 for all models,
indicating that these parameters explained only a low percentage
of the SAR variance. This was expected, given the high degree of
interannual variation.

The ANOVA for survival among coho for all years and hatcheries
exhibited a low p value (p = 0.07) because the rate of survival was
slightly higher for fish transiting contaminated estuaries (6.9%
versus 8.1%, n = 226) (Fig. 3; Table 5). However, when compared
year by year (n = 36), the mean for differences in survival was 0.98,
indicating no difference overall even though the data were vari-
able (Table S21). The release masses for coho were on average
larger (26.1 versus 25.0 g) for fish from contaminated estuaries
(p = 0.05), although regression analysis for all years determined no
relationship between release mass and SAR (R2 ≈ 0). The Wilcoxon
analysis by year indicated that for most years (23 of 36 years), coho
SAR values were on average higher for fish that outmigrated
through a contaminated estuary (Table 5). A similar pattern was
observed for coho release masses (Table 5). Without coho data
from the Wallace Falls hatchery, the difference in SAR values
between contaminated and uncontaminated estuaries was greatly
reduced (ANOVA p = 0.34, Wilcoxon p = 0.12), indicating that this
hatchery exhibited a strong influence on the results. Without
including that hatchery, the differences for fish release mass did
not change, as the overall mean increased slightly to 26.6 g for
coho transiting contaminated estuaries.

The Chinook data were examined to determine whether any
hatcheries may have had an undue influence on their respective
group. The results clearly show that among the hatcheries where
fish entered an uncontaminated estuary, one hatchery (Portage
Bay) stood out because of its very high rate of survival (Table 3).
This hatchery contributed data for only 6 of the 37 years and was
restricted to the early 1970s, 1981–1982, and 2001, so its influence
on the overall pattern was minor. Kendall Creek also exhibited
unusually high survival, but only for the early 1970s. These high
survival values overlapped with other hatcheries also exhibiting
high survival in the 1970s and early 1980s, including Samish and
Soos creeks. For Portage Bay and Kendall, no survival values ex-
ceeded 2.0% after 1979, except for Portage Bay in 2001. The ANOVAsT
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