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Abstract
Correlation analyses and stepwise regression models were run to examine relationships
between Auke Creek coho salmon marine survival, scale growth, and a number of
physical and biological covariates: local sea surface and air temperatures, local
precipitation, the Pacific Decadal Oscillation, local hatchery release numbers, size at
return, and regional and state salmon catch numbers. Jack survival and adult survival
covaried strongly, suggesting the primary cause of mortality is encountered in the first
four or five months of marine life. The number of hatchery fish had the strongest
correlation with marine survival (r = 0.71), which could indicate that hatchery releases
are prey for Auke Creek coho smolts or buffering these smolts from predators. Sea
surface temperature was not significantly associated with adult survival, but was with
jack survival. Surprisingly, scale growth was not correlated with marine survival. Adult
size appears to be determined in the last year of marine life when the fish are in the Gulf
of Alaska. Regional survival trends followed closely with Auke Creek marine survival,
indicating factors affecting survival are regional in scope. Specific mechanisms were not
defined, but the results indicate biological covariates were more associated with Auke
Creek coho survival than were physical covariates.
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Introduction
In the past two decades, Alaska salmon production has been at historically high
levels and asynchronous with historically low production in the Pacific Northwest (PNW)
(Mantua et al. 1997, Hare et al. 1999). Some of these regional differences have been
attributed to excessive freshwater habitat degradation in the PNW (Brown et al. 1994,
Lichatowich 1999). Even with PNW hatcheries producing a great number of smolts
(Beamish et al. 1997), however, this region has had anomalously low catch and return
rates (Beamish et al. 1997, 2000). These observations suggest that high mortality occurs
in the marine environment and is controlled by oceanic conditions. Historical production
trends of Alaskan salmon have also been linked to changing ocean conditions (Finney et
al. 2000).
The current paradigm in salmon biology is that most marine mortality occurs
during the early marine phase of the fish’s life history (Parker 1968, Hartt 1980,
Scamecchia 1981, Bax 1983, Nickelson 1986, Holtby et al. 1990, Pearcy 1992,
Ryding and Skalski 1999, Cole 2000, Mortensen et al. 2000, Beamish and Mahnken
2001, Koslow et al. 2002). This paradigm is often linked to the assumption that early
marine survival depends on the early growth of the fish (Parker 1971, Healey 1982).
Other researchers have suggested that a large portion of marine mortality also occurs just
before the winter months of the salmon’s first year at sea (Lawson 1997, Cole 2000,
Beamish and Mahnken 2001). A more precise understanding of the temporal range when
mortality occurs is necessary to clarify proposed mechanisms underlying mortality.
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While overall Alaska salmon production is high, species and stock-specific
production has been variable. Coho salmon (Oncorhynchus kisutch) catch in Alaska has
been highly variable in the last 23 years (Figure 1). Fisheries managers must understand
whether the causes behind these trends are regional or more localized. While attempts
have been made to determine environmental effects on regional or large scale salmon
production trends, investigations of effects on individual stocks are rare in the literature.
Examination of individual stocks could help identify specific causes of natural marine
mortality.
Alaska Commercial Salmon Catch

Figure 1. Commercial coho catch for Southeast Alaska and statewide (1980-2002).
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This study focuses on the Auke Creek coho salmon stock located in northern
Southeast Alaska. Coho salmon are important both ecologically and economically in
Southeast Alaska. They are ubiquitous in Southeast Alaska, inhabiting an estimated
2,371 streams (Baker et al. 1996). For the last five years (1998-2002), a high percentage
of the state’s commercial coho salmon catch, 65% of biomass on average, was from
Southeast Alaska (ADFG). During that same time period, the cumulative value of the
commercial coho salmon catch from Southeast Alaska was estimated to be almost $69
million dollars (ADFG). Coho salmon are also a popular target for sportfishing, so their
economic value to Southeast Alaska is far greater than their commercial value alone.
A weir on Auke Creek has allowed the collection of an accurate time series of
marine survival data for this coho salmon stock, thus providing a rare opportunity for
investigating “when” and “why” marine mortality occurs. Scales collected from these
returning coho salmon provide an insight into what controls growth and how growth
contributes to survival. Scale growth has been observed to be an accurate indicator of
somatic growth for coho salmon (Fisher and Pearcy 1988, 1990, Holtby et al. 1990) and
also for sockeye salmon (Bilton and Robins 1971, Fukuwaka et al. 1997).
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The Auke Creek time series is the longest continuous data set for coho salmon in
Southeast Alaska. Marine survival of Auke Creek coho salmon varies greatly from year
to year (Figure 2). This variability is most likely coupled with interannual changes in
biological and physical processes in the environment during the marine life history of
these fish. The primary goal of this study was to identify and quantify the different
mechanisms behind marine survival of this stock. A secondary goal was to examine
mechanisms that control growth at different stages of a coho salmon’s marine life.
Correlation and regression analyses were used to examine the relationships between
Auke Creek coho salmon marine survival and growth and several physical and biological
variables.
Auke Creek Coho Salmon Marine Survival

smolt year

Figure 2. Auke Creek adult and jack coho salmon marine survival
(smolt years 1979-2002).
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Data and Methods
Study Area
Auke Creek is a short stream fed by Auke Lake in northern Southeast Alaska
(Figure 3). The creek feeds into Auke Bay about 15 miles northwest of Juneau. Auke
Creek supports populations of pink salmon (

Ogorbuscha), chum salmon (O.

keta), coho salmon, sockeye salmon (O. nerka), steelhead (O. mykiss), Dolly Varden
(Salvelinus

malma),and cutthroat trout (O. clarkii) (Taylor and Lum 2003).

Coho Sampling
The National Marine Fisheries Service (NMFS) Auke Bay Laboratory (ABL)
operates a two-way weir on Auke Creek located just above the high tide mark. This weir
allows all coho salmon smolts to be counted and tagged with coded wire tags (CWTs)
prior to their emigration from Auke Creek. It also allows coho salmon jacks and adults to
be counted and their scales collected as they return to the stream each year. Accurate
counts of smolts date back to 1979. Accurate counts and scale collections of jacks and
adults date back to 1980. Auxiliary data were collected in the form of scales from
juvenile coho salmon in nearshore coastal areas of northern Southeast Alaska. These
were caught by trawling at transects (Figure 3) regularly sampled by ABL scientists as
part of the Southeast Coastal Monitoring (SECM) project (Orsi et al. 2000). These
SECM juveniles are caught in the same migratory path that juvenile Auke Creek coho
salmon pass through on their way to the Gulf of Alaska.
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Figure
3.Map of northern Southeast Alaska with Auke Creek, DIPAC hatchery,
Hoonah, Gustavus, Elfin Cove, and SECM transects labeled (modifiedfrom Orsi et al.
2000).
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Auke Creek Marine Survival
Estimates of adults produced per smolt, or marine “survival” (the term is used
rather loosely, as some males that would have possibly survived to adulthood return as
jacks - small but able to participate in spawning - a year earlier), were available for smolt
year classes 1979-2001 (Taylor and Lum 2003). Each year, ADFG employees look for
CWTs in a sample of the commercial and recreational coho salmon catch. Using this
information, ADFG estimates the number of Auke Creek coho salmon caught in the
fisheries. Auke Creek smolt-to-adult coho salmon marine survival (hereafter referred to
as adult survival) is obtained by adding the estimated catch to the number of adults
returning to the weir, and then dividing by the number of smolts that emigrated from
Auke Creek in the previous year (Taylor and Lum 2003).
Jack “survival” (see note above) is estimated by dividing the number of jacks that
return to the weir by the number of smolts that emigrated that same year (the fisheries
catch is insignificant). Jack marine survival data were available for smolt year classes
1980-2002 (Taylor and Lum 2003). The 1993 jack survival was much larger than in any
other year in the data set. This cohort also exhibited the highest adult survival in the data
set (Table 1; Figure 2).
Marine survival of Auke Creek coho jacks was used in this study as a covariate
for predicting adult survival. During the early marine phase of life, it is assumed that
jacks share the same habitat with fish that will return later as adults, so jacks are exposed
to the same environmental conditions during this period.
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Scale Measurements
Acetate impressions of twenty scales per year (1980-2002) from Auke Creek
adult coho salmon were digitized at 36x magnification using a Screenscan™
(NANOMACH, Bendererstrasse 29, FL-9494 Schaan, Principality of Liechtenstein)
connected to a microfiche reader. To increase sample homogeneity and power, only
scales from females were used for this study. Sample size was chosen based on the
results of a pilot study (see Appendix). Images of the scales were saved as Tagged Image
File Format (TIFF) files and then measured using Optimas® 6.2 image analysis software.
Macros created for Optimas® were used to place markers indicating the edges of
the annuli and the circuli. This automated the measuring process, thus reducing
subjectivity. Obvious mistakes in the automated placement of markers were corrected
manually. Measurements were stored in a Microsoft Access™ database to allow future
access to the data. Individual widths were measured for all marine circuli.
Scales from juvenile coho salmon caught as part of the SECM project were also
digitized and measured following the same protocol. I used scales collected each month
from June to September for the years 1999-2002. Stock origins and release dates were
available for the few juveniles that carried a CWT. Origin information for most
juveniles, however, was unavailable.
Scale Growth Zones
Growth measurements from the Auke Creek adult coho scales were demarcated
into three zones, roughly representing: early (nearshore) marine growth, strait habitat
growth, and Gulf of Alaska growth. The number of marine circuli comprising each zone
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was chosen based on the average number of marine circuli formed on the scales of
juveniles captured by trawl during specific summer months. The average median smolt
emigration date for the Auke Creek stock is May 20 (Figure 4). Thus, the average
number of marine circuli (7) formed by the end of June on the scales of trawl-captured
juveniles was used to delimit those circuli representing the earliest period of marine
growth, from mid-May to late June, of Auke Creek adult coho salmon (Figures 5, 7).
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Figure 4. Median emigration dates for Auke Creek coho salmon smolts (1980-2002).
In September, catch-per-unit effort (CPUE) of the juvenile coho salmon in SECM
trawls in northern Southeast Alaska strait habitat shows a sharp decline (Figure 6). Thus,
the average number of marine circuli (21) formed by September on the scales of the
unmarked SECM juveniles was used as an approximation for the transition between
growth in the Chatham and Icy Strait regions of Southeast Alaska and growth in the Gulf
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of Alaska (Figures 3, 5, 7). Any growth after marine circuli number 21 was assumed to
occur in the Gulf of Alaska. The remaining marine circuli, between the June average
number of circuli and the September average number of circuli, was used as an estimate
of growth that occurred while the Auke Creek coho salmon inhabited strait habitat
between Auke Bay and the Gulf of Alaska (Figures 5, 7).
Auke Bay Sea Surface Temperature
May and June daily sea surface temperature (SST) data recorded at the Auke Bay
dock were available from 1979-2003 (B. Wing, NMFS, pers. comm.). A monthly
average was computed for each year. Average Auke Bay SST ranged from 7.9°C (1982)
to 12.9°C (1993) in May and from 11.6°C (1979) to 15.2°C (1998) in June (Table 1). As
SST cools, the metabolism of the surface-oriented fish should slow and consequently
growth rates should decrease. Alternatively, as SST warms in the presence of unlimited
rations, growth rates should increase. Smaller fish are thought to be more vulnerable to
predation (Parker 1971, Holtby et al. 1990, Mortensen et al. 2000). This predation could
come from juvenile and adult salmonids, flatfish, gadids, marine mammals, birds, and
other predators that inhabit the waters around Auke Bay. Thus, I expected a positive
association between warmer Auke Bay SST and marine growth and survival.
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Average Number of Circuli vs. Recovery Month
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Figure 5. Scale growth divisions as determinedfrom unmarked SECMjuvenile coho
average monthly circuli numbers (1999-2002).
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CPUE of Juvenile Coho Salmon in Icy and Chatham Straits

Figure

6.SECM project catch-per-unit effort (CPUE) ofjuvenile coho salmon for
June-September at Icy Strait and Chatham Strait
(1997-2002, J. Orsi, NMFS, pers. comm.).

Figure 7. Diagram of scale growth divisions (usedfor illustrative purpose only and
thus freshwater circuli are excluded).
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Auke Bay Precipitation
Auke Bay May and June monthly precipitation totals were computed for the years
1979-2003 (B. Wing, NMFS, pers. comm.). Average May total precipitation for Auke
Bay was 3.9 inches, with an extreme low of 1.8 inches (1996) and an extreme high of 7.4
inches (1982; Table 1). Average total precipitation in June was 4.2 inches with a low of
1.7 inches (1982) and a high of 7.0 inches (1987; Table 1). The potential role of
precipitation in early marine mortality of Auke Creek coho salmon was assumed to be
more indirect than that of temperature. Precipitation influences the formation of a
freshwater lens, which plays a key role in stratification of the water column, in estuarine
waters (Mann and Lazier 1991). Stratification following mixing generally results in
higher primary productivity and ultimately more nutrition for zooplankton. This process
could presumably lead to a zooplankton bloom in Auke Bay. This zooplankton is then
preyed on by locally-released hatchery pink and chum salmon as well as by Auke Creek
coho salmon. Thus, stratification could increase the food supply and possibly survival of
hatchery pink and chum salmon and also of Auke Creek coho salmon (For possible links
between hatchery fish and Auke Creek coho salmon, refer to Hatchery Releases).
Auke Creek Coho Adult Size
Size of Auke Creek coho was examined for trends over time and for relationships
with scale growth. All coho salmon returning to Auke Creek were measured for mideyeto-fork length (MEFL). Annual average adult MEFL from all returning Auke Creek coho
salmon ranged from 592 mm in 1998 to 649 mm in 1984 (Figure 8). The annual average
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MEFL from the fish sampled for scales ranged from 603 mm in 1990 to 650 mm also in
1984 (Figure 8).
Average Length of Auke Creek Adult Coho Salmon
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Figure 8. Average mideye-to-fork length of adult Auke Creek coho salmon
(smolt years 1979-2001).

Icy Strait Air Temperature
An Icy Strait temperature index developed from Hoonah, Gustavus, and Elfin
Cove air temperatures for the months of July through September was used as a proxy for
strait habitat SST for the years 1979-2002. I assumed that Auke Creek coho salmon
encountered temperature changes similar to those of the index as they migrated through
the strait habitat on their way to the Gulf of Alaska. A similar approach using air
temperature as a proxy for water temperature has been previously used (Adkison et al.
1996). Temperature indices for all months and sites were calculated as in the following
July example for Gustavus.
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The Gustavus index was calculated by first obtaining mean July temperatures for
Gustavus for each year, 1979-2002 (National Weather Service, http://pajk.arh.noaa.gov/
climatology/webcli.htm). The July mean across all years for Gustavus was then
subtracted from these yearly July means. The resulting values were each divided by the
standard deviation of the July means across all years for Gustavus.
Values from each of the sites were calculated for the three summer months for
each year in this manner. The values for July through September for all sites from each
year were then averaged to obtain a summer strait habitat air temperature index.
Pacific Decadal Oscillation
The Pacific decadal oscillation (PDO) values are essentially SST anomalies in the
North Pacific Ocean (Mantua et al. 1997). October through February PDO index values
were summed for the years 1979-2002. These months were chosen because conditions
during these months would likely determine the amount of pre-winter mortality, and this
is when the fish most likely were spending their first few months in the Gulf of Alaska.
The PDO was also used to examine the relationship between SST in the Gulf of Alaska
and marine growth of Auke Creek coho salmon while they are in the Gulf of Alaska.
Hatchery Releases
The numbers of pink and chum salmon smolts released into Gastineau Channel
for the years 1979-2003 were obtained from DIPAC’s Macaulay Hatchery (R. Focht,
DIPAC, pers. comm.). The historical composition of pink and chum salmon released into
Gastineau Channel has changed dramatically over the years. Macaulay hatchery went
from releasing mostly pink salmon in the 1980s to a combination of pink and chum
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salmon in the early 1990s. Since 1994, the releases have been dominated by chum
salmon. Coho salmon are piscivorous during their juvenile stages (Parker 1971,
Landingham et al. 1998). Pink and chum salmon released by the hatchery could be an
important component of the food supply of the Auke Creek coho salmon, therefore
affecting growth and survival.
Table 1. Descriptive statistics for selected datasets.
Dataset

Low

High

Average

Standard Deviation

Adult Survival (proportion)

0.094

0.366

0.206

0.068

Jack Survival (proportion)

0.021

0.062

0.045

0.019

Auke Bay May SST (°C)

7.90

12.85

10.20

1.25

Auke Bay June SST (°C)

11.6

15.20

13.65

0.86

Auke Bay May Precipitation (in.)

1.8

7.44

3.94

1.48

Auke Bay June Precipitation (in.)

1.68

7.02

4.17

1.48

Icy Strait Air Temperature Index

-1.76

1.91

0.04

0.75

PDO

-8.74

8.17

1.23

4.67

2.10

87.32

39.27

24.63

Hatchery releases (millions)
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Commercial Coho and Pink Salmon Catch
Alaska commercial coho salmon catch numbers from northern Southeast Alaska
(NSEAK), southern Southeast Alaska (SSEAK), and statewide were obtained along with
NSEAK pink salmon catch for the years 1980-2002 (Byerly et al. 1999; L. Shaul, ADFG,
pers. comm.). The relationship between NSEAK coho salmon catch and Auke Creek
coho salmon marine survival was tested. A significant negative association was expected
if competition for habitat, particularly food supplies, occurred between the Auke Creek
coho salmon and other NSEAK coho stocks. A positive relationship was expected if the
mechanisms controlling survival were the same for Auke Creek coho salmon and other
NSEAK coho salmon.
The relationship between NSEAK pink salmon catch and Auke Creek coho
marine survival was also tested because the two species have similar marine lifespans,
and are spatially proximate during their first months at sea. Relationships between Auke
Creek adult survival and SSEAK and total AK (excluding SEAK) coho catch were also
analyzed. Coho catch for NSEAK is serially correlated with SSEAK coho catch (r =
0.91, p = 2.8e-9; Table 2) and with NSEAK pink salmon catch (r = 0.71, p = 0.00015;
Table 2), but not with total Alaska coho catch (r = 0.24, p = 0.26; Table 2). During the
years analyzed, coho catch for NSEAK comprised 47% to 61% of the SEAK coho catch,
with 1993 being the high year. A similar pattern exists with the 1993 NSEAK coho catch
comprising the second highest percentage of total Alaska coho catch on record.
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Table 2.Serial correlations between commercial catch data used in Auke Creek
survival correlation analyses (* indicates significant
0.05).
Covariate 1

Covariate 2

r-value

NSEAK coho catch

SSEAK coho catch

0.91*

NSEAK coho catch

Total AK coho catch (excluding SEAK)

0.24

NSEAK coho catch

NSEAK pink catch

0.71*

Regional Marine Survival
Marine survivals of three separate coho salmon stocks from the same region as
the Auke Creek stock were examined for similar trends. The three stocks were from the
Berners River (1989-2001), the Taku River (1991-2001), and the Macaulay hatchery
(1990-2001). The Bemers River is located about 40 miles northwest of Auke Creek. The
Taku River is located about 40 miles southeast of Auke Creek. Macaulay hatchery
releases their coho in Gastineau Channel, a few miles south of Auke Bay. Examining
these stocks should indicate whether the cause behind marine survival could be similar
region-wide.

20
Statistical Analyses
Exploratory.- Exploratory data analysis was completed to determine if each dataset met
the assumptions of a normal distribution. Boxplots, histograms, and normal quantile
plots were examined to see if outliers existed. Datasets were transformed if extreme
outliers existed.
Analysis o f SECM yearly growth differences.- To increase sample size, SECM scales
from years 1999-2002 were pooled to obtain the average number of circuli formed by the
end of each month. Two-tailed t-tests were performed to determine if differences in the
average number of circuli formed each month were significant between years.
Correlation analyses.- Pearson’s correlation coefficients were computed for each
bivariate relationship. Auke Creek adult coho salmon marine survival, Auke Creek jack
coho survival, scale growth zones, and size at return were all tested for correlation with
the relevant variables. These coefficient values were used to identify relationships
between the survival and growth of Auke Creek coho salmon and the suites of
environmental and biological variables.
Models o f adult andjack marine survival.- Stepwise multiple regression was performed
using S-Plus® statistical software to obtain the best predictive model for Auke Creek
adult coho salmon survival. An approach that allowed for both the deletion and addition
of variables was used, starting with the full linear model:

Sa=

CL + PSy + P 7 a / + P 7 j + p P M + P P j + P

,
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where S a is the arcsine transformed future Auke Creek adult coho marine survival of the
2002 smolt class, Sj is the arcsine transformed jack survival of the 2002 smolt year class,
Tm is the average May 2002 SST for Auke Bay, 7j is the average June 2002 SST for
Auke Bay, Pm is the average May 2002 precipitation for Auke Bay, Pj is the average June

Dpcis the number of comb

2002 precipitation for Auke Bay, and

released by DIPAC in the Gastineau channel area in 2002. The least significant variable
was dropped and excluded if the model improved without this variable. After a variable
was dropped, all variables outside of the model were sequentially added back into the
model to see if an addition of a variable resulted in an improvement; if so, the most
significant variable was added. This sequence of deletions and additions was repeated
until the model no longer improved. The remaining variables were included in what was
determined as the best available predictive model.
This stepwise approach was also used to predict the future survival of Auke Creek
jack coho salmon. The jack model differed somewhat in the variables that were
considered:

Sj = a +(37a/ + P7j + PPm + PPj + P,
where Sj is the jack survival of the 2003 Auke Creek coho salmon smolt year class and
all other variables are from 2003.
The S-Plus® stepAIC function was used for model selection. Selection was based
on Akaike information criterion (AIC) values defined as:
AIC = N *

\og{RSS!N)+ 2

constant
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with RSS being the residual sum of squares of the model, N being the number of years of
data, and P being the number of parameters in the model. Corrected Akaike information
criterion (AICc) values were computed from the S-Plus® results to account for the
difference in the number of parameters in each model. These AICc values were defined
as:
AIC + " £ ± 2 ,
N -P - 1
The lowest AICc indicated the best model.
Cross-validation.- Cross-validation techniques were used to estimate the prediction error
for the best models. This technique involves removing one year of data from the time
series and fitting the model to the remaining data. A predicted adult or jack survival is
then obtained for the excluded year and the residual error of this predicted value is saved.
This is done until each year in the time series has been individually excluded. The square
root of the average of these saved residual errors is used as an estimate of the model
standard deviation {stdev). Using this standard deviation, 80% confidence limits for the
prediction were calculated as:

S ao
r Sj
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Results
Exploratory.- One outlier existed in each of the following datasets: adult survival
percentage, jack survival percentage, June SST, and NSEAK coho catch. Adult and jack
survival were normalized according to the following transformation:
p ’ = arcsine (y[p),
where p is the proportion of surviving fish and p ’ is the newly transformed proportion
value. The other two datasets were not transformed. The remaining datasets appeared to
be normal.
Analysis o f SECM yearly growth differences.- Results of the two-tailed t-test indicated
that June 2000 had significantly more circuli than June 1999 or 2002 (Table 3). July
2000 was significantly lower than July 2002, but all other years had statistically similar
monthly values (Table 3). All years of the SECM scales (1999-2002) were pooled
because the difference between years was small relative to the difference between
monthly time stanzas.
Table 3. Average number of circuli on SECMjuvenile coho salmon scales
___
(* indicates significanceat 0.05 level
usingt-test).__________
Year
June
July
August
September
1999

6.6

12.1

16.9

21.9

2000

7.9*( 1999,2002)

11.4*(2002)

16.9

21.4

2001

no data

12.4

17.9

21.4

2002

6.4

12.8

16.4

no data
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Correlation

analyses. -

Survival relationships.- Auke Creek coho salmon jack survival covaried
significantly with the Auke Creek adult coho salmon survival (r = 0.61, p < 0.003;
Figure 9). Excluding the extreme 1993 data point decreased the correlation, but
the relationship was still significant (r = 0.44, p < 0.05; Figure 9).
Auke Creek Adult Survival vs. Auke Creek Jack
Survival
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03

>
£

♦

0.6
d 2

0.5 -

CO

0.4
"O
03

CD

0.3

c

■(/) 0.2
o

03

■Linear (All years)
0.1

Linear (Excluding 1993)

0.0 -

0.0

0.1

0.2

0.3

0.4

arcsine jack survival

Figure 9. Scatterplot (with trendlines) of Auke Creek adult coho salmon survival vs.
Auke Creek jack coho salmon survival (smolt years 1980-2001).
Auke Bay SSTs had positive correlations with Auke Creek coho salmon
adult survival, although not at significant levels. Average May Auke Bay SST
exhibited a stronger relationship with adult survival (r = 0.37, p < 0.09;
Figure 10a) than did average June Auke Bay SST (r = 0.29, p < 0.18; Figure 10a)
for smolt years 1979-2001. Excluding the 1993 data point from the adult survival
changed the strength of the relationships between May and June SST
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(r = 0.21, p = 0.36; r = 0.16, p = 0.47; Figure 10a). In contrast, Auke Creek coho
salmon jack survival had a more significant positive correlation with Auke Bay
SST. Average May Auke Bay SST and average June Auke Bay SST both
covaried significantly with Auke Creek jack survival (r = 0.62, p < 0.003;
r = 0.47, p < 0.03; Figure 10b). Excluding the 1993 data from the jack analysis
also weakened the relationship between jack survival and Auke Bay SST’s
(r = 0.51, p < 0.02; r = 0.34, p = 0.12; Figure 10b).
May and June Auke Bay precipitation totals were not significantly
correlated with Auke Creek coho salmon adult survival (r = -0.05, p = 0.83;
r = -0.10, p = 0.65; Table 4). May and June precipitation totals showed stronger,
although statistically insignificant, negative correlations with Auke Creek coho
salmon jack survival (r = -0.24, p = 0.28; r = -0.19, p = 0.41; Table 4).
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Figure 10.a) Auke Bay adult coho salmon survival vs. Auke Bay average May and
June SST (smolt years 1979-2001); b) Auke Creek jack survival vs. Auke Bay average
May and June SST (smolt years 1980-2002).
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Table 4. Covariation between Auke Creek adult andjack survival and relevant
environmental covariates(* indicates significance
na = not applicable).
Adult Survival
0.61*

Covariate
Jack Survival

Jack Survival
na

Auke Bay May SST

0.37

0.62*

Auke Bay June SST

0.29

0.47*

Auke Bay May Precipitation

-0.05

-0.24

Auke Bay June Precipitation

-0.10

-0.19

DIPAC Hatchery Releases

0.71*

0.66*

NSEAK coho catch

0.66*

0.64*

SSEAK coho catch

0.71*

0.42*

Total AK coho catch

0.05

0.04

NSEAK pink catch

0.56*

0.59*

A strong and statistically significant positive relationship was observed
between the arcsine transformed adult survival values for Auke Creek coho
salmon and the numbers of hatchery pink and chum salmon released by DIPAC,
Inc. for the smolt years 1979-2001 (r = 0.71, p < 0.0002; Figure 11). Excluding
the extreme 1993 data value did not greatly influence the correlation (r = 0.65,
p < 0.002; Figure 11). Auke Creek coho salmon jack survival was also strongly
correlated with the numbers of hatchery pink and chum salmon released for smolt
years 1980-2002 (r = 0.66, p < 0.0008; Figure 12). Again, excluding 1993 data
did not greatly influence the correlation (r = 0.58, p< 0.005; Figure 12).
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Auke Creek coho salmon adult survival had a strong positive
relationship with NSEAK coho catch (r = 0.66, p = 0.0007; Table 4), with
SSEAK coho catch (r = 0.71, p < 0.0002; Table 4), and with NSEAK pink salmon
catch ( r = 0.56, p < 0.006; Table 4) for smolt years 1979-2001. Auke Creek adult
survival was not significantly correlated with total Alaska coho catch (r = 0.05,
p = 0.84; Table 4). Auke Creek coho jack survival also had strong positive
relationships with NSEAK coho catch (r = 0.64, p < 0.002; Table 4), with SSEAK
coho catch (r = 0.42, p = 0.05; Table 4), and with NSEAK pink salmon catch
(r = 0.59, p < 0.004; Table 4). Auke Creek jack survival was not significantly
correlated with total AK coho catch (r = 0.04, p = 0.866; Table 4).
Auke Creek Adult Survival vs. DIPAC release numbers

Pink and chum (millions)

Figure 11.Scatterplot of Auke Creek adult survival vs. hatchery releases into
Gastineau channel (smoltyears 1979-2001).
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Auke Creek Jack Survival vs. DIPAC release numbers
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Figure 12.Scatterplot of Auke Creek jack survival vs. hatchery releases into
Gastineau channel (1980-2002).
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The three regional stocks examined all shared similar trends with the Auke
Creek stock in the percentage of total smolts surviving. Berners River coho
marine survival had a positive relationship with Auke Creek coho salmon marine
survival (r = 0.59, p < 0.03; Table 5) for smolt years 1989-2001. Taku River
marine survival had an even stronger positive relationship with Auke Creek coho
marine survival (r = 0.72, p < 0.005; Table 5) for smolt years 1991-2001. Marine
survival of Macaulay hatchery coho salmon released into Gastineau Channel also
had a strong positive relationship with Auke Creek coho salmon marine survival
(r = 0.58, p = 0.053; Table 5) for smolt years 1990-2001. A strong cross
correlation existed among all regional stocks (Table 5).
Table 5. Correlation matrix of regional NSEAK coho smolt survival (smolt years in
parentheses, * indicates significance
= 0.05).
Berners River
(1989-2001)
Berners River
(1989-2001)
Taku River
(1991-2001)
Macaulay Hatchery
(1990-2001)
Auke Creek
(1989-2001)

Taku River
(1991-2001)

1

Macaulay
Hatchery
(1990-2001)
.

_

0.97*

1

0.76*

0.71*

1

0.59*

0.72*

0.58*

There was no significant relationship between adult size and scale growth
with marine survival. Average size at return (MEFL) was not significantly
correlated with adult survival (r = -0.12, p = 0.96; Table 4). The average yearly
total scale growth from the early marine regions on adult Auke Creek coho
salmon scales had a negative correlation with yearly Auke Creek coho salmon
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adult survival (r = -0.10; Table 6), but was not significant (p = 0.64) for smolt
years 1979-2001. Average yearly scale growth from the strait habitat regions had
almost zero correlation with adult survival (r = 0.04, p = 0.88; Table 6). The Gulf
of Alaska scale growth regions and adult survival were positively correlated
(r = 0.12; Table 6), but the relationship was also not significant (p = 0.58).
Size relationships-. Size at return covaried positively with total scale growth for
all sampled Auke Creek coho salmon (r = 0.43, p < 0.0001; Figure 13). Auke
Bay yearly average May SST had a negative correlation with early marine scale
growth (r = -0.11, p = 0.59; Table 6). Yearly average June SST had a slightly
stronger, but also statistically insignificant negative relationship with early marine
growth (r = -0.27, p = 0.21; Table 6).
The yearly Icy Strait air temperature index covaried negatively with strait
habitat growth (r = -0.28, p = 0.21; Table 6). No long-term warm or cool periods
were observed from this index.
The yearly Fall-Winter PDO index had an insignificant positive
relationship of intermediate strength with Gulf of Alaska average scale growth
(r = 0.32, p = 0.15; Table 6). The Fall-Winter PDO values correlated significantly
with the size at return of all returning adult coho salmon to Auke Creek (r = 0.59,
p < 0.004; Figurel4a, Table 6). A similar relationship was seen between the PDO
values and the size at return of the fish from which scales were used (r = 0.50,
p < 0.02; Figure 14b).
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Auke Creek Coho Mideye-to-Fork Length vs. Total
Scale Growth
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Figure 13. Mideye-to-fork length vs. total scale growth fo r Auke Creek coho salmon
(smolt years 1979-2002).

Size at return for the sampled Auke Creek adult coho salmon was strongly
correlated with their respective Gulf of Alaska scale growth (r = 0.63, p < 0.002;
Figure 15, Table 6). Size at return was not significantly influenced by early
marine scale growth (r = 0.22, p = 0.32) or strait habitat scale growth (r = -0.23,
p = 0.35).
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Table 6. Correlation matrix of relationships with scale growth and size at return
indicates not
biologically applicable, * indicates^significanceat a = 0.05)._
Early
Strait
Gulf of Alaska
Size at return
Marine
Habitat
growth
(MEFL)
growth
growth
0.22
1
Early Marine
growth
-0.23
1
0.23
Strait Habitat
growth
0.63*
-0.24
1
0.19
Gulf of Alaska
growth
-0.12
0.12
0.04
-0.10
Adult marine
survival
“
-0.11
Auke Bay May SST
-

“

0.25

-

“

-

-0.28

"

“

“

0.32

Auke Bay June SST

-0.27

DIPAC hatchery
releases
Icy Strait air temp.

0.14

Fall-Winter PDO

-

0.59*

The number of hatchery pink and chum salmon released into Gastineau
Channel each year had a positive, but insignificant relationship with early marine
scale growth (r = 0.14, p = 0.53; Table 6). Hatchery releases also had a positive,
but insignificant relationship with strait habitat scale growth (r = 0.25, p = 0.25;
Table 6).

Mideye-to-Fork Length (Entire Run) vs. Fall-Winter

index values

b) Mideye-to-Fork Length (Scale Sample Only) vs. FallWinter PDO

index values

Figure 14.Mideye-to-fork length vs. Fall-Winter PDO for: a) Entire Auke Creek
and b) Scale sample fish only.
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Mideye-to-Fork Length (Scale Sample Only) vs.
Gulf of Alaska Growth

Gulf of Alaska growth (mm)

Figure 15.Mideye-to-fork length of sampledfish vs. Gulf of Alaska scale growth
(smolt years 1979-2001).
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Models o f adult andjack marine survival.- Auke Creek coho salmon adult survival was
best predicted by the simple linear model based on the releases of pink and chum from
the DIPAC hatchery:

SA= 0.375 + 2.3e9DPC.
Adding more variables did not improve the AICc statistic (Table 7). When converted
from the transformed value to a marine survival percentage the full adult survival model
gave a slightly higher point estimate (19.2%) than the D/>c model (18.4%; Figure 16).
Auke Creek jack coho salmon survival was best predicted by a model that included
DIPAC hatchery releases as well as May and June sea surface temperatures:

Sj = -0.1453 + 0.00947m + 0.0161

+ 0.00085

(Table 7).

The full jack survival model resulted in a slightly higher survival percentage (4.2%) than
the

Ta/,T j ,D pc

model (4.1%; Figure 16).
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Table 7. Model equations and AICc values fo r selected predictive models.
AICc value

Model
Adult Survival

-105.01

Full

SA=0.357 + 0.683S, - 0.013
—0.004Pm 0.004Pj + 1.84e ^

Null

SA = 0.470

-108.12

Jack

SA= 0.225 + 1.1705/

-115.95

May SST

SA= 0.240 + 0.0227m

-108.36

June SST

SA=0.208 + 0.019Z>

-106.45

May
Precipitation

0.002

-105.88

SA= 0.491 -0.005PM

June
Precipitation

& = 0.481 -0.003Pj

Hatchery
Releases
(Best Fit)

SA = 0.375 + 2.3

-105.75
e 9DPC

-119.65

Jack Survival
Full

Null

-154.63

Sj = -0.028 + 0.0097m + 0.011T}
-0.0067>m - 0.006Pj + 8.65 e-10Dpc

-143.30

Sj= 0.208

-152.71

May SST

S j——0.012 + 0.0217m

June SST

S j = - 0 A 5 \ + 0.026

May
Precipitation

Sj= 0.233 - 0.006/m

-141.96

June
Precipitation

Sj = 0.233 - 0.006Pj

-142.02

Hatchery
Releases

Sj= 0.159+ 1.19 e9DPC

-154.56

Best Fit

S j =—0.145 + 0.009Pm + 0.016Tj +
8.5 e 4DPC

-158.91

Tj

-146.66
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Cross-Validation.- Cross-validation techniques led to fairly wide confidence intervals for
predictions of future marine survivals. For example, the 80% confidence range for adult
marine survival in 2003 using the full adult model was 11.6%-28.2%, slightly wider than
that of the D/>c adult model (12.2%-25.6%; Figure 16). The full jack model had a slightly
wider 80% confidence range (2.5%- 6.2%) than the Tm,T/,D/>c model
(2.5%-6.0%; Figure 16). The arcsine transformed interval values were symmetric about
the point estimate, but due to the mathematical properties of sine, symmetry was lost
when converting to a percentage.

Prediction Point Estimates and Prediction Error for Auke
Creek Coho Models
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Figure 16. Point estimates and confidence intervals of Auke Creek coho prediction
models.
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Discussion
The results indicate important biological relationships between Auke Creek coho
salmon and their environment during the early phase of their marine life. Marine survival
of Auke Creek adult coho salmon mostly paralleled that of Auke Creek jack coho
salmon. Jacks return to Auke Creek in late September to early October of their smolt
year, which indicates the mechanism(s) controlling a large part of marine mortality of
Auke Creek coho salmon acts in the first four or five months of their marine life. It is
important to note that jack survival explained less than half (36%) of the variation in
adult survival, so mortality is occurring at other times of their marine life. Similar
relationships between jack and adult survival have been previously observed (Pearcy and
Schoener 1987, Young 1999, Cole 2000). It would be helpful, but not possible with this
project, to understand what specific areas the jacks migrated to before returning to Auke
Creek. This would allow clarification of the geographical area in which much marine
mortality occurs, providing clues to the determinants of survival.
There is one potential complication with the positive relationship between jack
survival and adult survival. During good growth conditions, more coho males may
mature early (Silverstein and Hershberger 1992). Thus, more jacks might result in fewer
potential adults. Based on the positive relationship I observed, however, the possible
negative impact on the numbers of returning adults appears to be negated by the fact that
more adults are also surviving due to favorable environmental conditions. Unfortunately,
this theory is complicated by my finding that there is no apparent relationship between
growth, as measured by scale increments, and marine survival.
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The relationship between adult and jack survival indicates that much of the
marine mortality occurs during the first summer at sea, but the causes of mortality are not
as apparent. A positive, although statistically insignificant, relationship between adult
survival and Auke Bay May and June SST, does not seem to support the findings of other
researchers (Ryding and Skalski 1999, Mortensen et al. 2000, Cole 2000) that changes in
temperature experienced at an early age can directly influence marine survival. Changes
in SST are presumed to directly affect the growth rates, which can then affect the survival
of juvenile salmon. This effect of growth rate on survival is often assumed to occur
through the process of size-selective predation. However, the link between temperature
and early marine growth, as measured by scales, and the link between growth and
survival did not exist in my analyses. Using monthly average temperatures may have
masked an effect that occurred in a matter of a week or even a few days.
The influence of Auke Bay SST on marine survival was stronger for jacks than
adults. This might indicate that smolts that become jacks are residing near Auke Bay for
a longer portion of their marine life, and thus are more impacted by changing Auke Bay
temperatures than those smolts that become adults. Another possible explanation is that
warmer temperatures could increase the proportion of males returning as jacks (Lum
2003), thus decreasing the number of potential adults. This could reduce correlation
between adult survival and Auke Bay SST while increasing the correlation between jack
survival and Auke Bay SST. Temperature change from year to year does not appear to
be a direct mechanism behind marine mortality, but the correlation with jack survival
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indicates temperature has indirect effects on survival. Changes in temperature may affect
the proportion of smolts that return as jacks.
Unlike temperature, precipitation appeared to play no significant role in
determining Auke Creek coho salmon marine survival. One or more assumptions about
precipitation as a mechanism influencing survival were not valid. Due to frequent tidal
mixing, primary productivity in Auke Bay may not depend on freshwater runoff for
stratification as much as hypothesized. Ziemann et al. (1991) observed that primary
productivity in Auke Bay was controlled more by available light than by mixed-layer
depth. Consistent zooplankton data for Auke Bay, representative of what coho salmon
are eating, would allow direct testing of the relationship between food availability and
survival. This would eliminate the need for the indirect relationship I hypothesized
between precipitation and Auke Creek coho marine survival.
The relationship between adult and jack survival is weakened when leaving out
the high survival from 1993. I would not recommend excluding this data point, however,
as it is valid data. I cannot be sure of the mechanisms controlling survival each year, but
one thing I observed is that the 1993 smolt class experienced what appear to be prime
survival conditions, relative to the parameters associated with survival in my study.
These conditions include: 1) anomalously warm Auke Bay SSTs, 2) extremely high
DIPAC hatchery release numbers; and 3) anomalously warm Gulf of Alaska SSTs.
For this project, biological variables were more associated with Auke Creek coho
salmon marine survival than were physical variables. The strength of the positive
relationship between Auke Creek coho salmon marine survival and the numbers of pink
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and chum salmon released by DIPAC, Inc. was surprising. Both adult and jack survival
were strongly associated with hatchery release numbers. My original theory for this
association was that Auke Creek coho are feeding on DIPAC fish. Without stomach
analyses, it is difficult to determine if Auke Creek coho are feeding on hatchery fish, but I
would presume Auke Creek coho salmon are opportunistic feeders when they first come
into Auke Bay. If the coho come across pink and chum salmon that are much smaller
than they are, they will probably feed on them. Coho salmon have previously been
observed feeding on pink and chum salmon during their early marine life stage (Parker
1971, Hargreaves and LeBrasseur 1985, 1986).
It is hard to believe that Auke Creek coho salmon depend on these DIPAC fish so
much that survival dramatically decreased when there was a decrease from almost 90
million pink and chum released in 1993 to 30 million released in 1994. However, 60
million more pink and chum salmon greatly increase the probability of an Auke Creek
coho salmon encountering a DIPAC fish. The idea that hatchery fish are a food source is
supported by the fact that DIPAC pink and chum salmon are released at much smaller
sizes (pink around 0.8 g, chum around 1.9 g , R. Focht, DIPAC, pers. comm.) than the
size of the Auke Creek coho salmon (around 16 g) they will encounter. Laboratory
experiments have shown that coho salmon will eat salmon up to about 46% their own
length (Pearsons and Fritts 1999).
If the coho salmon were preying on DIPAC fish, I would expect a positive
correlation between early marine growth and DIPAC fish numbers. Thus, early marine
growth would be correlated with marine survival. The observed lack of a relationship
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between early marine growth and marine survival is evidence that an alternative
explanation is more feasible. The observation that coho salmon prefer pink salmon over
chum salmon (Hargreaves and LeBrasseur 1985, 1986) further weakens the idea that
Auke Creek coho salmon are feeding on hatchery released fish since most hatchery
releases have been chum salmon in the last decade. Recent stomach analyses of juvenile
coho salmon caught in Gastineau Channel found that pink salmon comprise a small
portion of their diet and chum salmon were not a part of their diet (C. Farrington, ADFG,
pers. comm.), also weakening the idea that Auke Creek coho are feeding on DIPAC fish.
Alternatively, predators of Auke Creek coho salmon might be satiated during
years with large DIPAC release numbers. If this is occurring, the marine survival of
Auke Creek coho salmon will increase as predation on them decreases. In years with
smaller hatchery releases, predator diets may consist of more Auke Creek coho juveniles,
thus decreasing Auke Creek coho marine survival. Predator satiation appears to be a
feasible mechanism and is an idea that has been discussed in past salmonid studies
(Fisher and Pearcy 1988). Another supporting fact for both of these alternatives is that
the hatchery fish were released around the same time (pink around early to mid-May;
chum around 3rd week of May) and in the same area (Gastineau Channel) as Auke Creek
coho salmon. Auke Creek coho salmon entered Auke Bay and the surrounding waters
from early May to early June, with the peak emigration around the third week in May.
A third alternative that has to be considered is that the relationship between
DIPAC hatchery release numbers and Auke Creek coho salmon marine survival is
spurious. Upon further investigation, however, I suggest that the relationship observed is

44
causal. The relationship between Auke Creek coho marine survival and DIPAC release
numbers remains significant (r = 0.54, p = 0.02) after removing the first five years of the
time series, when DIPAC was ramping up their release numbers. Even after removing
these five years, the DIPAC release dataset has enough contrast (Figure 17) to indicate
that the relationship is not spurious.
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Figure 1
7 .DIPAC hatchery release numbers (1979-2003); circled years were removed
from the time series to testfor spurious relationship between Auke Creek coho marine
survival and DIPAC hatchery release numbers.
The mechanism controlling Auke Creek coho survival appears to also be
controlling the survival of other stocks from the same geographic region. This was
indicated by positive covariation between Auke Creek coho smolt survival and coho
smolt survival from the Berners River, the Taku River and the Macaulay hatchery. These
results, however, should be viewed cautiously due to a small sample size of only eleven
to thirteen years. These relationships were initially observed by Shaul et al. (2003). This
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regionwide similarity is expanded to NSEAK, assuming that NSEAK coho catch
represents marine survival of NSEAK coho stocks. Regional similarities in marine
survival have also been observed for Bristol Bay and Fraser River sockeye stocks
(Adkison et al. 1996, Peterman et al. 1998).
Further expansion to SSEAK suggests the mechanism controlling coho salmon
survival is similar across at least SEAK. Survival mechanisms do not appear to be shared
by SEAK and the remainder of the state’s coho stocks. A significant, positive covariation
between NSEAK pink catch numbers and Auke Creek coho adult survival suggests that
the mechanisms regulating survival are shared by different salmon species that use the
same habitat during the same time span. The link between pink and coho salmon catch
cannot be explained by hatchery release numbers since most pink salmon in SEAK are
from wild stocks. Throughout SEAK, coho salmon survival could be influenced by the
same environmental conditions influencing pink salmon survival, or the coho salmon
could be dependent on these wild pink salmon either as a prey source, a predator buffer,
or both.
Based on regional similarities of marine survival among both pink and coho
salmon, there appears to be no density-dependent relationships affecting marine survival
of coho salmon. This agrees with observations made by Nickelson (1986) that survival
of coho salmon in the Oregon Production Area is density independent. If density
dependence was occurring, a negative correlation between survivals of the two species as
well as a negative correlation between regional coho catch and Auke Creek survival
would be expected.
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These regionwide similarities complicate the local relationship observed between
DIPAC releases and Auke Creek coho salmon. It appears the number of hatchery fish
released by DIPAC cannot be the primary mechanism controlling marine mortality of
Auke Creek coho salmon since the results suggest that the primary mechanism is similar
across the larger SEAK region. Investigating whether hatcheries in other areas of
Southeast Alaska influence survival of nearby coho stocks could clarify this
complication. Hatchery fish could be buffering coho salmon from predation regionwide.
Auke Creek coho survival has similar up and down trends with many SEAK stocks, but
Auke Creek coho survival tends to be annually higher than survival of other regional
stocks. The primary mechanism underlying marine mortality of all Southeast Alaska
coho salmon may be the same, but an added benefit to Auke Creek coho survival could
be the locality of the DIPAC hatchery releases.
Another important result of this study is that early marine scale growth was not
associated with marine survival. The lack of a causal link between measures of growth
and marine survival can lead to a variety of hypotheses, with one conclusion. It appears
that there is no statistically significant survival advantage for faster growing Auke Creek
coho salmon. Fisher and Pearcy (1988) also concluded that growth rate did not
determine survival of juvenile coho salmon along the coast of Washington and Oregon.
Helle (1979) observed no relationship between early marine scale growth and survival for
chum salmon.
Smolt size was not taken into consideration for my project. Smaller smolts may
depend on early marine growth for survival, whereas larger smolts may not. At
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Carnation Creek in British Columbia, Holtby et al. (1990) observed a positive
relationship between scale growth and survival for freshwater age 1 coho smolts, but not
for freshwater age 2 coho smolts.
The findings of my study are contrary to the paradigm of early marine growth
affecting marine survival which has been observed for pink salmon (Parker 1971,
Mortensen et al. 2000, Mueter et al. 2002), chum salmon (Healey 1982, Mueter et al.
2002), sockeye salmon (Isakov et al. 2000, Mueter et al. 2002), and to a lesser extent
coho salmon (Cole 2000, Holtby et al. 1990). The association between Auke Creek coho
salmon total scale growth and Auke Creek coho size at return, while statistically
significant, was also not as strong as I expected. If scale growth does not adequately
represent somatic growth, a relationship between growth and survival may exist but not
be detectable by this approach.
The size of returning Auke Creek coho salmon was positively associated with
changes in winter PDO values. Size at return was also positively associated with Gulf of
Alaska scale growth. This agrees with previous results from Helle (1979), who found
that the size of a returning adult chum salmon is determined during the last year of
marine life. Overall size for Auke Creek coho has fluctuated since 1979 and does not
show a definite upward or downward trend. This is in contrast to trends of declining
coho salmon size observed by Bigler et al. (1996). Bigler et al. (1996) examined average
weight of the fish, while I examined length. Also, Bigler et al. (1996) did not investigate
size of coho from any SEAK stocks.
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Density-dependent growth does not seem to be occurring according to the
negative, yet insignificant relationship, between marine survival and size at return of the
Auke Creek coho stock. Since NSEAK coho catch follows a similar trend with Auke
Creek coho marine survival, I would also expect no density-dependent relationship
between NSEAK coho catch and Auke Creek size at return.
Predicting future adult marine survival led to varying results. Modeling results
indicated that the simple linear model with DIPAC release numbers as the predictor was
the most parsimonious model. Conservative confidence ranges were estimated from the
time series data. From the results of the model, future marine survival cannot be
estimated with much confidence. This is probably due to the fact that the variables in the
model do not represent the mechanisms controlling survival. The variables chosen could
influence survival in particular years, but they do not explain what controls survival on
average for this stock over a number of years. For example, SST may have a greater
impact on survival in some years than in other years. The 1993 year class is an example
of a year where the variables appear to benefit survival.
The results of this study suggest rapid early marine growth is not necessarily
critical to the survival of Auke Creek coho salmon. The fact that most Auke Creek coho
salmon are freshwater age 2 smolts could explain why their marine survival is
independent of early marine growth. The age 2 smolts may have already surpassed that
critical predation size threshold by the time they enter marine waters. Separating and
examining age 1 smolt growth rates from age 2 smolt growth rates could clarify this
further. However, I am not sure if the proportion of age 2 smolts relative to age 1 smolts
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has been constant over the course of the time series I examined. It is possible that both
age 1 and age 2 smolts have surpassed that critical size threshold by the time they enter
marine waters. This would suggest that coho salmon do not fit the size selective
predation paradigm that many pink and chum salmon stocks do.
The mechanism controlling marine survival of coho salmon survival in SEAK is
complex, but as indicated by the relationship between hatchery releases and Auke Creek
coho salmon, the number of hatchery releases across the SEAK region might have
something to do with the trends seen in coho survival. Until proven to be a spurious
relationship, I suggest that predation pressure on coho salmon is being alleviated by the
numbers of hatchery fish released.
Future research could be directed at determining the marine distribution of Auke
Creek jacks. This could pinpoint the region where a large portion of marine mortality
occurs. Other future research possibilities include examining if jacks had a higher early
marine growth than fish that became adults, and initiating a comprehensive predator
survey for the Auke Bay region to identify natural predators of coho salmon smolts in
this region.
Once coho predators are known, a predator index would be helpful so that trends
in predator populations could be examined for their potential role in controlling marine
survival of coho salmon. A consistent prey index would also be helpful to determine if
food supply limits survival of these coho salmon. My analyses did not clearly identify
specific deterministic mechanisms controlling survival, but rather indicated that Auke
Creek coho salmon marine survival is influenced principally by biological interactions
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that are in turn influenced by a wide range of physical and biological variables. One
thing is certain, the results of this study are a small part of a complex question that seeks
to discover what controls the marine mortality and growth of Auke Creek coho salmon,
and of anadromous salmonids in general.
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Appendix: Scale Sample Size Pilot Study
A pilot study was completed to determine the number of Auke Creek coho salmon
scales required to have the desired statistical power when analyzing the relationships
between growth and the covariates. The study used data measured from six coho salmon
per year for the years 1996-2000. Measurements were of the total scale growth during
the first marine year. I assumed that the variability seen in the growth of these 30 scales
would be representative of both the within years and among years variability present in
the marine growth from the archived scales dating back to 1977.
A FORTRAN program used the standard deviation derived from the pooled
variance of the pilot data to simulate data for determining sample size (M. Adkison,
UAF-JCSFOS, pers. comm.). The program stochastically generated data which was then
used as a proxy for the real data. Using the proxy data, we determined what sample size
would give us the desired power for detecting a specific standard deviation fraction when
relating growth to an environmental variable. This standard deviation fraction is the
proportion of standard deviation in marine growth which is attributed to the
environmental variable that growth is being statistically correlated with. From the
simulations, we determined that twenty scales per sex per year would be an appropriate
sample size (Table Al; Figure Al). The increase in power was minimal relative to the
amount of time it would take to process more than twenty scales per year.
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Table A l. Statistical power values for given variance fractions and sample sizes
(bold values are represented in Figure Al).
Variance

(n)
5
10
15
20
25
30
40
50
70
100

0.3
0.280
0.334
0.356
0.374
0.381
0.386
0.395
0.401
0.409
0.410

Fraction

0.4

0.45

0.5

0.55

0.6

0.65

0.387
0.460
0.503
0.522
0.529
0.541

0.506
0.609
0.653
0.675
0.689
0.708

0.633
0.748
0.791
0.816
0.828
0.840

0.742
0.865
0.897
0.914
0.926

0.914
0.974
0.986
0.990
0.992
0.994

0.953

0.549

0.848
0.859

0.982

0.996

0.999
0.998
0.999

0.557

0.713
0.72

0.931
0.939
0.946

0.846
0.933
0.957
0.968
0.973
0.978

0.999

0.569
0.574

0.864
0.873

0.950
0.953

0.983
0.987
0.988

0.996

0.737
0.741

0.997
0.997

0.999
0.999

0.35

0.991
0.996
0.998

Figure A l. Statistical power given sample size andfraction o f stdev due to
environmental variable for stdev fractions o f 0.45, 0.50, and 0.55.

