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7 Discussion 

7.1 Cause of Low Returns in 2009 

Key Question 1:  
Can the decline in Fraser sockeye in 2009 be explained by the conditions  

the fish experienced in the marine environment? 
 
Is it explained by the marine environment? – no;  can it be explained by the marine environment? – yes. 
Current understanding of Fraser River sockeye salmon migratory behaviour and that of other less well studied 
populations is that all postsmolts of all southern populations eventually migrate northward toward the northern 
British Columbia/Alaskan coast (Tucker et al., 2009).  What each will encounter on their way to enhanced 
feeding and growth in Alaskan waters will differ depending on the location of ocean entry and the choice of 
migratory route.  Oceanic conditions that are known to be associated with lower survival of Fraser River 
sockeye salmon occurred along much of the Fraser River sockeye salmon postsmolt migration route in 2007 
where an extremely poor environment developed in Queen Charlotte Strait/Sound during the migration.  
 

7.1.1 Data shortages 
Very little is known about what the sockeye salmon actually experience in the ocean. Observations are not 
made routinely at the time and space scales of the fish (Peterman et al., 1998).  Impressions of the marine 
environment are often a result of observations made across broad regional scales at coarse resolution (relative 
to a sockeye salmon) when measured from satellites.  From these data, ideas about what the sockeye salmon 
might have experienced are based on time–space averages of the environment which ignore finescale 
variability.  The ocean can be, and is, often observed from a single location from which the state of the broader 
environment is often inferred.  Whether a fish experiences what happens at a station depends on the de-
correlation scale of the oceanic phenomenon of interest.  A large de-correlation scale indicates that 
observations made at a station are indicative of a broader region than what was measured at the station, 
whereas small a de-correlation scale indicates that a station reflects only local variability.  The scale is typically 
assumed to be large.  Only data storage tags (Fig. 42) make it possible to record simple environmental 
characteristics, such as temperature, pressure (depth), and sometimes location, but these tags tend to be 
expensive and must be recovered before the results are known.  Tag recovery rates from sockeye salmon are 
often low. 
 

7.1.2 Warm and cool in 2007 
 

“Juvenile salmon along the outer Vancouver Island coast generally survived very well in the cool 
years of 2007 and 2008” 

DFO, 2010 
 
Whether it was cool in 2007 depends on where one looks. Most of the Fraser River sockeye salmon that failed 
to return in 2009 went to sea as juvenile salmon in May or June of 2007.  Salmon in the California Current 
system tend to have lower survival when they go to sea in warmer years (Mueter et al., 2002; Mackas et al., 
2007).  The DFO report, cited above, considered 2007 and 2008 to be cool years.  The Gulf of Alaska began to 
cool in 2006, following an extremely warm year in 2005.  By 2008, it had become extremely cold compared to 
recent norms (Batten et al., 2010).  However, on the time and space scales that are likely to affect Fraser River 
sockeye salmon, and perhaps others using the same migration route, the summer of 2007 was extremely warm 
in some important places (Fig. 92).  There was a strong, abrupt, and generally persistent shift to warm sea 
surface temperature anomalies along the continental shelf in late June of 2007 (Fig. 67).  Its magnitude 
exceeded the typical summer warming that occurs each year along the west coast and it appeared in both 
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coastal lighthouse and satellite SST data.  The surface waters of Queen Charlotte Strait/Sound were warmer in 
August of 2007 than in any other August from 1982 to 2010 and this was the only location in the Gulf of 
Alaska with SST extremes in 2007.  Sockeye salmon that migrated along the outer coast (including those from 
the Columbia River) could have avoided the consequences of the phenomenon.  The southeasterly wind regime 
that became established along the west coast in June and July 2007 could have retained the surface layer of 
warmer, fresher water within Queen Charlotte Sound. 
 

7.1.3 Location of mortality 
The emigration of about 77 million smolts from Chilko Lake in 2007 and their failure to return in large 
numbers in 2009 provides the best evidence, from the largest (multi-year average) sockeye salmon producer in 
the watershed, that the mortality occurred in the sea.  It is based on an assumption, however, because the 
number of smolts that survived the 640 km journey downstream to the Strait of Georgia is unknown.  Finding 
solid evidence for a solely marine source of mortality in populations other than Chilko Lake is even more 
challenging because of a lack of smolt/postsmolt abundance data.  Some lakes have in-lake surveys of fry 
abundance before their last winter in freshwater, but the fraction of total mortality that occurs over the last 
winter in the lake is not measured (Irvine and Crawford, 2008).  Therefore, all estimates of marine survival 
and/or productivity of sockeye salmon in the Fraser River include some component of freshwater mortality.  In 
most stocks where only returns per spawner data are available, rates of marine and freshwater mortality are 
confounded (see Section 7.2.1). 
 
Aggregate returns per spawner for sockeye salmon in the Fraser River watershed were very low for the 2007 
smolt year.  Most of these fish returned in 2009.  Whether it will turn out to be the lowest on record depends to 
a certain degree on how the calculation is made and after learning the magnitude of the returns of this group in 
2010 and to a much lesser degree in 2011.  The approach used in the preparation of this report was to use the 
median annual value of returns per effective female spawner (as natural logarithms), calculated separately for 
each population.  The logic of this approach is that each population is a genetically distinct entity that has 
evolved its own characteristics for survival such that each can be considered as an independent experimental 
trial (to the extent that methods of data collection/processing allow it).  The returns observed up to 2009 were 
augmented by an estimate of the (small) numbers of older fish that are expected to return in 2010 and 2011.  
When the median values are considered, the 2007 ocean entry year will likely turn out to be the penultimate 
year of poor survival for the majority of stocks.  However, in the specific case of Chilko Lake, postsmolt 
survival will likely be the lowest on record.  Preliminary results from the 2010 returns indicate that the age-at-
maturity of the 2005 brood year was not unusually delayed (M. Lapointe, Pacific Salmon Commission, pers. 
comm.), even though the average age-at-maturity of the returns has been getting older in this and some other 
stocks (Fig. 94).  
 
The greatest impediment to demonstrating conclusively whether or not the mortality experienced by the many 
Fraser River sockeye salmon that went to sea in 2007 (mostly the 2005 brood year) occurred at sea is a lack of 
adequate observations.  Most of the 2005 cohort would have entered the Strait of Georgia in May of 2007.  A 
tiny fraction of non-Harrison River fish may have been collected during coho and chinook salmon surveys in 
the Strait of Georgia in July 2007, and another tiny fraction was collected farther north in the inside straits and 
on the continental shelf.  Acoustic tags that were placed on large hatchery-reared sockeye salmon that were 
released from Cultus Lake from 2004 to 2007 had similar detection rates as they migrated northwestward 
through the Strait of Georgia in 2007 as in other years (Welch et al., 2009).  But for the most part, the survivors 
were not seen again for 24 months.  Only the low returns of jacks (mostly age-1.1) in 2008 after 12 months at 
sea provided an early glimpse of the fate of these fish.  The lack of observations of salmon at sea, at relevant 
time and space scales, severely limits the ability to draw firm conclusions about their fate (Peterman et al., 
1998; Trudel et al., 2009).  As the low return in 2009 was a rather extreme event, our approach was to look for 
potentially relevant extremes in the oceanic environment while these fish were at sea. 
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Fig. 94 Proportion of brood year returns at age-1.3 and 1.4. 

 
 
Were Fraser River sockeye salmon the only populations affected?  A comparison with survivals of other 
species/stocks with similar life histories is one approach to answering this question.  There is a significant but 
weak positive correlation between the annual estimates of postsmolt survival of age-1.x Chilko Lake sockeye 
salmon and the average marine survival of wild and hatchery age-1.x coho salmon released into the Strait of 
Georgia in the same smolt year (McKinnell, 2009).  This information may be of some value because the 
marine survival of these coho salmon postsmolts is known one year earlier than the equivalent group of Fraser 
River sockeye salmon.  The Strait of Georgia coho salmon marine survival has persisted at low levels for 
decades.  For the 2007 ocean entry year, the pattern of low survival continued, but it was not an extremum12. 
 
Some progress has been made to understand the kinds of ocean states that are associated with poor or good 
survival in the sea across multiple trophic levels (Mackas et al., 2007).  Composite indices of ocean state have 
been developed from physical and biological oceanographic data, and these are showing promise in 
contributing to improved forecasts of salmon returns.  For example, the “Mackas ecosystem productivity 
index” or MEPI (Fig. 95) indicated that the state of the coastal ocean off Vancouver Island was near average or 
tending slightly toward cool and productive in the spring of 2007 (Mackas et al., 2009), but the locations and 
seasonal timing of the variables used to develop this index would have reflected the cooler coastal ocean that 
likely facilitated average/good survival by some outer coast sockeye salmon stocks. 
 
Official forecasts of Fraser River sockeye salmon return abundance do not include measurements of the state 
of the oceanic environment (DFO, 2010).  Beginning in 2007, an informal annual salmon forecasting forum 
was established to record and review forecasts as part of the annual coastal salmon ocean ecology meeting.  
Forecasts of salmon returns generally ranged from poor to good for 2009 but only sockeye salmon 
expectations were singled out as not expecting good returns (McKinnell et al., 2009).  Whether this was simply 
a coincidence or a skillful forecast will require more years of trials. 
 
 

                                                 
12 Coho survival data spreadsheet by S. Baillie, DFO, pers. comm. 
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Fig. 95 Mackas ecosystem productivity index in coastal waters off Vancouver Island. 

 
 

7.1.4 The Harrison River anomaly 
 
“Harrison Sockeye from the 2006 brood year that returned as three year old fish in 2009, 
exhibited below average productivity (preliminary estimate).  Harrsion [sic] Sockeye from the 
2005 brood year that returned in 2009 as four year old fish and in 2008 as three year old fish, 
exhibited the lowest productivity on record for this stock. 

DFO, 2010 
 
Most sockeye salmon from the Harrison River migrate into the Strait of Georgia as underyearlings, 
which distinguishes them from most other populations in the watershed.  The preliminary estimate of 
returns to the Harrison River for underyearlings that entered the Strait of Georgia in 2007 is 
approximately 1.5 million fish13  which is approximately four times the previous maximum.  The 
majority of these fish would have spent the summer of 2007 in the Strait of Georgia, where they were 
found in September sampling in 2007 to be rather abundant (Sweeting et al., 2008).  This suggests that 
the Strait of Georgia was the not the location of mortality of the 2009 returns of age-1.2 sockeye salmon.  
It would require conjuring a mechanism that keeps one ecotype alive and abundant while killing the rest.  
Harrison River sockeye salmon likely avoided the fate of the other ecotypes in 2007 by their normal 
habit of delaying migration from the Strait of Georgia and/or by emigrating via Juan de Fuca Strait to 
the west coast where they are typically the only Fraser River sockeye salmon found in fall samples 
(Tucker et al., 2009). 
 
 

                                                 
13  http://www.psc.org/NewsRel/2010/NewsRelease11.pdf 
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7.2 Decline in Marine Productivity or Change in Distribution? 

Key Question 2: 
Is there any evidence for declines in marine productivity or changes in 

Fraser sockeye distribution that can be associated with the 15-year gradual 
decrease in Fraser sockeye productivity? 

 

 Gradual decline – The gradual 15-year decline from average productivity before 1992 is a better model14 
than a “shift” to lower productivity in only three of 16 stocks (Adams, Bowron, Stellako).  In 12 stocks, a 
shift to lower productivity is a better model. In one population (Raft), they are equally likely models.  This 
may also be the case in other stocks where the pattern is not so clear.  An accurate characterization of the 
nature of the decline is an important first step in searching for a cause.  

 Marine productivity – There has been no trend in average nutrient concentrations in the southern Gulf of 
Alaska (Ocean Station Papa) since the 1950s, no trend in average chlorophyll a since 1998, and no trend in 
average zooplankton biomass. 

 Distribution – Progress has been made to improve the knowledge of the coastal distribution of juvenile 
Fraser River sockeye salmon, but sampling to date has not been sufficient to make year-to-year 
comparisons in regional stock composition.  The oceanic distributions of populations of Fraser River 
sockeye salmon are not known with sufficient accuracy to understand if they have varied from year to year 
or decade to decade. Surveys conducted during the 1950 and 1960s by the Fisheries Research Board of 
Canada were never repeated after the Board was disbanded. 

 

7.2.1 Interpreting returns per spawner 
The lengthy histories of returns per spawner provided by the Pacific Salmon Commission demonstrate a 
striking pattern of variation and co-variation in productivity in Fraser River sockeye salmon over the past six 
decades (Fig. 96).  Some authors have argued that variation in Fraser River sockeye salmon productivity is a 
reflection of winter climate variation in the Northeast Pacific affecting sockeye salmon survival in the ocean 
(Beamish et al., 1997; Beamish et al., 2004b) while others have demonstrated very little, if any, of this effect 
on Fraser River stocks (Adkison et al., 1996; Peterman et al., 1998), and one author found that declining 
productivity in Chilko Lake through the early 2000s was a result of lower freshwater survival (McKinnell, 
2008).  Increasing the average number of spawners in Chilko Lake in the 1990s did not translate into an 
equivalent increase in the numbers of smolts leaving there.  So the fundamental question concerning 
productivity is whether patterns of variation have arisen in freshwater, salt water, or both.  Returns per spawner 
time series do not necessarily reflect where a change has occurred. 
 
The one place where this evaluation can be attempted, without making strong assumptions, is in Chilko Lake.  
In this case, it is clear that attributing all of the variation in total survival to shared variation in the sea would 
be a mistake (McKinnell, 2008).  In fact, over the history of observations of the Chilko Lake population, 
variation in returns per spawner appears to be almost equally shared by freshwater and marine (postsmolt) 
effects (Fig. 97).  Bootstrapping each of these comparisons separately indicated that the correlations in the two 
panels of Figure 97 are not significantly different (Fig. 98).  
 

                                                 
14 Lower sum of squared deviations. 



7  Discussion Fraser River Sockeye 

122 PICES Scientific Report No. 41 

0.0 0.5 1.0 1.5 2.0
Distances

ADAMS

BIRKEN

BOWRON

CHILKO

CULTUS

GATES

HARRISON

HORSEFLY

L_SHUSWAP
NADINA

PORTAGE

RAFT

SEYMOUR

STELLAKO
STUART_E

STUART_L

WEAVER

 
Fig. 96 Hierarchical cluster analysis of log(recruits per spawner) of 17 stocks with lengthy production data.  Stocks 
clustered together have more similar histories than stocks not in a cluster.  Note that the last stock to be included 
(Harrison) has the most dissimilar life history.  BIRKEN = Birkenhead River population. 
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Fig. 97 (Left) Logarithm of returns of age-1.x sockeye salmon per effective female spawner versus freshwater survival 
(ratio of numbers of age-1.x smolts per effective female spawner), and (right) ordinate as in (left) versus smolt-to-adult 
survival (√ transformed) of age-1.x sockeye salmon from Chilko Lake.  From the ordinate alone, as is the case in many 
Fraser River sockeye salmon populations, the source of variation in total survival (fresh or salt water) cannot be 
determined. 
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Fig. 98 Solid circles indicate the average of bootstrapped correlations and the whiskers indicate their 95% confidence 
intervals of total survival and freshwater survival, and total survival and marine survival, of Chilko Lake age-1.x sockeye 
salmon. 

 
 
For the remaining populations where smolt abundance is not observed, the relative contributions of freshwater 
and marine effects on survival can only be assumed.  Fry-to-adult survival tends to favour a marine origin for 
the decline (Peterman et al., 2010).  But the inclination is to presume that recent changes in productivity are 
largely of marine origin because these populations share a common ocean but not a common lake.  These 
populations also share a common means of egress to the sea but this life history stage is rarely examined in 
detail because it is such a short period of their lives.  Although they may rear in freshwater in different 
locations, some are exposed to similar effects of climate, particularly in winter (McKinnell and Crawford, 
2007).  These points have been raised, not to argue that a freshwater cause for the decline should be sought, but 
to highlight what can be known with certainty. 

 

7.2.2 Gradual versus abrupt decline 
The Key Question posed above by the Cohen Commission describes the decline in productivity as a 15-year 
gradual decline.  This point deserves closer scrutiny because trend lines are designed to smooth discontinuous 
patterns of variation.  Applying trend lines to total survival data such as is shown in Figure 99 leaves an 
impression of gradual downward change in total survival, accelerated recently by low values for the 2003 and 
the (incomplete) 2005 brood years.  As the purpose of the trend line is to smooth over year to year variation 
and reveal longer term change, rapid and persistent changes in total survival from year-to-year are blurred by 
the smoother, and also because smolts of different ocean entry years from the same cohort are pooled when 
total survival is considered as the variable of interest.  
 
An abrupt decline in productivity appeared beginning with the 1992 ocean entry year of the age-1.x ecotype 
(Fig. 99).  No other year in the previous three decades was as low as this. It was the onset of a relatively 
persistent period of lower average survival of Fraser River sockeye salmon that continued through the 2007 
ocean entry year.  The 2005 and 2007 ocean entry years, and perhaps 1993 as well, are anomalous in the entire 
record.  Keep in mind that the 2007 ocean entry year is incomplete and total survival of all ecotypes to date is 
only estimated.  
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Fig. 99 Box and whisker plot indicating brood year by brood year variation in total survival among 16 major Fraser 
River sockeye salmon stocks (Harrison River excluded).  The short horizontal lines in each box are median values.  The 
black line is a loess smoother indicating a long-term trend.  Data for the 2005 brood year were augmented with anticipated 
returns of older fish in 2010 (calculated from mean values observed from the 1983–2004 brood year).  Survival of the 
2005 brood year based on returns observed to 2009 is indicated by the dashed horizontal line. 
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Fig. 100 Median total survival of the age-1.x ecotypes of sockeye salmon from 16 major stocks in the Fraser River 
(Harrison River excluded).  The 2005 brood year was augmented with an estimate of the expected numbers of age-1.3 fish 
in 2010 (based on average proportions of these ecotypes).  Horizontal lines indicate average values before and after 1992. 
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Using the data in Figure 100, each year was considered sequentially to determine if it was the year when 
average productivity declined (Equation 1).  The year that provided the best fit (smallest residual sum of 
squared deviations from a “two mean state” model) was the 1990 brood year (1992 ocean entry year) for age-
1.x smolts (Fig. 101).  Furthermore, there was no statistically significant linear trend in the median from the 
1992 ocean entry year to the present, and none from 1975–1991 ocean entry years, suggesting that the 
declining median value was a shift to lower productivity rather than a trend.  The data prior to the 1975 ocean 
entry year also suggest persistent periods of higher and lower productivity in the earlier part of the record (Fig. 
100).  There was no equivalently timed change in median productivity of age-2.x smolts.  The best division of 
this time series into periods of higher and lower productivity is the 1985 ocean entry year, although beginning 
with the 1981 ocean entry year, there was a marked improvement in fit.  There was no known corresponding 
change in oceanic productivity in either of these years.  
 
 
Equation 1 Formula for goodness of fit; rsj is the median of ln(R/S + 1) from ocean entry year j across 16 major stocks, 
rs1 is the average of rsj in period 1 (from 1951 to year i – 1) and rs2 is the average of rsj  in period 2 (from ocean entry year i 
to 2007).  The largest change in mean survival occurs at the ocean entry year with the minimum RSS.  
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Fig. 101 Goodness of fit to a two state productivity model (left panel: age-1.x ecotypes and right panel: age-2.x 
ecotypes).  The minimum value indicates the year of best fit for single step change in productivity.  The vertical line 
indicates that the 1992 ocean entry year is the best year to divide the age-1.x series into two parts and the 1985 ocean entry 
for the age-2.x series. 

 
 
Considering the alternative model of a gradual decline in productivity, log (returns per spawner) for each major 
stock (except Harrison River) was considered independently against two hypothetical models.  The first model 
was the “two mean state” with a shift in 1992, described above.  The second model was a linear decline from 
the pre-1992 mean state until 2006.  The lower residual sum of squared deviations from these two models 
(with the same number of parameters) was used to judge which model was a better fit to the data.  No attempt 
was made, given the available time, to determine whether the two models could be distinguished based on the 
observations. 
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The temporal pattern of log(returns per spawner) of the age-1.x ecotypes in 12 of the 16 stocks with the longest 
time series suggests that the decline in productivity that is described above as a “15-year gradual decrease” was 
a shift in the average (beginning with the 1992 ocean entry year) rather than a trend (Table 4).  Of the four 
remaining stocks, one (Raft) has no significant change in the mean state and had no trend after 1992.  The 
remaining three (Adams, Bowron, Stellako) indicated that a declining trend from 1992 to 2006 provides a 
better fit to the data.  The change in the average productivity coincides with the overall decline in average 
sockeye salmon productivity, which occurred in 1992, that is most evident in populations producing small 
smolts that border Queen Charlotte Strait/Sound (McKinnell et al., 2001).  The cause of the downturn is not 
known but it appears, to varying degree, in most stocks that use Queen Charlotte Strait/Sound as a postsmolt 
migration route.  The recent finding of a good correlation between chlorophyll concentrations at the northern 
end of Vancouver Island and Chilko Lake postsmolt survival may serve as a basis for future research.  This is a 
region where seabird productivity, for example, is known to vary from year to year from changes in phenology 
and the state of the ocean (Bertram et al., 2001). 
 
 
Table 4 Comparison of goodness of fits (residual sum of squared deviations) to two simple two-parameter models of 
productivity (shift in average in 1992 from high to low, versus a linear downward trend after 1992 from the average value 
for years before 1992).  The P(shift) column is the probability of no difference in mean values between the two periods. 
Values > 0.05 are generally considered to be differences in the mean that arose by chance. 

Stock 
Shift 
SS P(shift) 

Trend 
SS 

Better Fit 
(T = trend, S = Shift) 

Adams 48.12 0.09 47.06 T 
Birkenhead 23.88 0.00 33.50 S 
Bowron 26.63 0.02 24.58 T 
Chilko 24.56 0.00 26.77 S 
Cultus 36.62 0.10 37.49 S 
Gates 42.93 0.00 44.52 S 
Horsefly 30.21 0.00 30.34 S 
Lower Shuswap 72.87 0.00 74.18 S 
Nadina 40.66 0.00 41.37 S 
Portage 83.14 0.01 84.08 S 
Raft 28.58 0.80 28.58 – 
Seymour 30.45 0.00 34.69 S 
Stellako 17.68 0.00 14.49 T 
Early Stuart 16.67 0.00 20.51 S 
Late Stuart 63.93 0.00 67.76 S 
Weaver 47.93 0.18 50.07 S 

 
 
The abrupt decline in sockeye salmon productivity, which began in 1992, was most apparent in Owikeno Lake 
and in Long Lake (McKinnell et al., 2001) in central British Columbia (Fig. 102).  Evidence of this decline 
also appears in the Columbia River where adult returns in 1994 (the 1992 ocean entry year), measured at the 
Bonneville Dam, declined and remained low until the 1998/99 la Niña (J.G. Williams, NOAA/NWFSC, 
Seattle, pers. comm.), and in recent returns to Quinault Lake on the west coast of Washington State.  Catches 
of Barkley Sound sockeye salmon declined from significantly above average to below average beginning in 
1994 (1992 ocean entry year of the dominant age-1.2 ecotype) although they, too, recovered with the 1998/99 
la Niña.  The concomitant declines in sockeye salmon productivity from the Columbia River to Queen 
Charlotte Sound suggest that the factors which were responsible for initiating a period of lower survival 
affected a significant fraction of the west coast including Queen Charlotte Sound.  A concomitant decline does 
not appear in Babine Lake sockeye production, but this is not unexpected, as the Skeena River delivers its 
smolts into a different biogeographic zone (Orsi et al., 2007). 
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Fig. 102 Annual numbers of sockeye salmon migrating upstream at the Docee River fence.  Vertical dashed lines indicate 
the return years of cohorts whose members went to sea in 1992.  The trend line is a loess smoother.  DFO data source: 
http://www.pac.dfo-mpo.gc.ca/northcoast/counts/docee/default.htm. 

 
 
Some of these patterns of variability are expressed in ecosystem indicators for the west coast.  The Mackas 
ecosystem productivity index (MEPI, Mackas et al., 2007) integrates ecological observations (physical, 
chemical, and biological) related to the productivity of the ocean on the southwest coast of Vancouver Island.  
According to the MEPI, a warm and unproductive period in the coastal ocean began in 1992 (Fig. 95).  
Extreme values of the MEPI can reflect wholesale changes in the coastal ocean, not simply a change in 
temperature of the coastal ocean.  The replacement of Subarctic copepods, for example, with species of more 
southerly origin, alters the makeup of the food web in ways that are just beginning to be explored.  Shifts in 
species abundance occurred at various trophic levels in 1992 and it coincided with the return, after more than a 
40 year absence, of the sardine (Sardinops sagax) to the west coast of Vancouver Island (Hargreaves et al., 
1994).  
 
The MEPI returned briefly (1999–2002) to cool and productive but this was not reflected in a marked 
improvement in marine survival of Fraser River sockeye salmon.  Either this reflects a transient connectivity 
between the MEPI and Fraser River sockeye salmon survival, or it reflects a coincidental association of 
extremes beginning in 1992.  The latter seems less likely because the most positive year of the MEPI (2005) 
corresponds to the lowest median survival of a cohort (2003) of Fraser River sockeye salmon (Fig. 100) and 
served as a basis for reasonably accurate coast-wide predictions of returns of many salmonid species and 
stocks with that particular ocean entry year.  The transient mismatches could be a result of variable spatial 
scales of the dominant forces affecting the MEPI, or of a mismatch between the dates of sampling of the 
variables that constitute the MEPI and the timing of the seasonal expression of the factor(s) that affect Fraser 
River sockeye salmon survival. 
 
For the 20th century, the oceanic and atmospheric climates of the North Pacific have been described in terms of 
regimes; periods of persistence anomalies that shift abruptly among phases (Schwing et al., 2010).  The year 
1989 was identified as a time of one of these climate shifts (Hare and Mantua , 2000; McFarlane et al., 2000) 
but the common year of decline of Fraser River, Long Lake and Owikeno Lake, and to a lesser degree 
Columbia River, Quinault Lake, and Barkley Sound sockeye salmon was the 1992 ocean entry year.  The 
extent to which the 1989 climate change and the 1992 sockeye salmon productivity change are interrelated is 
unknown, but it has been suggested (McFarlane 2001).  The coincidence of a shared change in sockeye salmon 
productivity in 1992 suggests that these stocks were affected by a relatively large-scale coastal influence that 
had a more persistent effect on stocks using Queen Charlotte Sound and Strait. 




