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Anomaly of catch ( t )

“I for one am ready to give up research for a unique cause of dominance and concentrate rather on identifying which
cause or causes operate on each individual stock” (Ricker 1962). This statement by one of the world’s foremost fisheries
scientists summarizes the difficulty that researchers have understanding the biology and population dynamics of pink salmon.
Made almost 50 years ago, the statement is mostly still true today.
This workshop brings experts together to discuss why pink salmon throughout their distribution are either increasing
in abundance or are at least not declining in abundance as are some other species of Pacific salmon. Bill Ricker’s thoughts
identify the complexity of understanding the dynamics of pink salmon production. Thus, we are encouraging participants
to think differently and to speculate, an exercise that is usually frowned upon by reviewers and editors. I will present
information that was not published, mostly because it did not show much. However, I will speculate that what it does not
show is the message.
Catches of Pacific salmon throughout the subarctic
Pacific have increased in the past two decades with
Odd-year line
historic high catches in 1995, 2007 and 2009. The
percentages of pink and chum salmon in these catches is
80%; with pink, chum, and sockeye salmon representing
96%. Since 1993, pink salmon represented 43% of
the total catch and chum salmon 37%. There has been
a dramatic increasing trend in the catches of pink
salmon that spawn in odd-numbered years (odd-year
pink salmon) but no apparent trend in the catch of
even-year pink salmon (Fig. 1). In this paper, I look
at the dynamics of pink salmon that enter the Strait of
Georgia from the Fraser River and return as adults in the
following year along with information on the population
2009
dynamics of pink salmon from the central coast area of
Year
British Columbia to speculate on why pink salmon are
increasing in abundance and why one line of pink salmon
100,000
is increasing and the other line is not.
Even-year line
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Methods
The trawl and the structure of the juvenile Pacific
salmon surveys are described in Beamish et al. (2000) and
Sweeting et al. (2003). Juvenile pink salmon were caught
in the top 30 m and mostly in the upper 15 m. All sets
were 30 min, but catches may be standardized to 1 hr and
identified as catch per unit effort or CPUE. Pink salmon
spawn in the Fraser River in odd-numbered years with the
juveniles entering the Strait of Georgia in even-numbered
years. Almost all juvenile pink salmon in the Strait of
Georgia originate in the Fraser River resulting in very
few juveniles in the strait in odd-numbered years. The
abundance of pink salmon fry leaving the Fraser River
are estimated at Mission, approximately 100 km upstream
from the mouth of the river using a trap (Vernon 1966;
Grant and Pestal 2009).
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Fig. 1. Trends in the total catch by all countries of odd- and even-year
pink salmon since 1993 shown as an anomaly. Data available at http://
www.npafc.org/new/science_statistics.html
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Scales were sampled from juvenile pink salmon caught in an area north of the Strait of Georgia (Beamish et al. 2006).
Juvenile pink salmon were captured in a purse seine or beach seine. Scales from adult pink salmon were taken from fish in
the Glendale River in August (Beamish et al. 2011; Jones and Beamish 2011). All scales were sampled from an area below
the dorsal fin and just above the lateral line.
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Fig. 2a. Average annual temperature in the Strait of Georgia measured at a site approximately in the middle of the strait.
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Fig. 2b. Average sea surface temperature from May to September
collected at the same site in the Strait of Georgia as the data shown
in Fig. 2a.

Background
The Strait of Georgia is warming, having increased about 1oC in the past 40 years and almost 2oC if only the surface
waters during the early marine rearing period of juvenile Pacific salmon are considered (Fig. 2a, b). There also has been a
trend toward earlier flows into the Strait of Georgia from the Fraser River (Fig. 3a, b). A cumulative sum analysis (Murdoch
1979; Noakes and Campbell 1992) indicates that the trend towards earlier flow from the Fraser River started about the mid
1980s (Fig. 3b). The changing flow pattern and the increasing temperature indicate it is likely that conditions experienced by
juvenile pink salmon during the early marine period in the Strait of Georgia are also changing.
The total returns of pink salmon produced in the Fraser River increased after the 1977 regime shift, declined after the
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Fig. 3a. The anomaly of Fraser River flows in April from 1912 to 2005.

Fig. 3b. The cumulative sum (CuSum) of the Fraser River flow in
April from 1912 to 2005. The CuSum analysis shows a declining flow
from 1912 to the late 1950s, an average flow until the mid 1980s, and
an increasing flow from the mid 1980s to the present.

1989 regime shift, and increased again after the 1998 regime shift (Fig. 4). In 2002, procedures for estimating escapements
were abandoned, making an estimate of total returns problematic. Consequently, the estimates of the large returns in 2009
and 2011 could be larger. Despite the problems with total production estimates since 2002, there is agreement that production
of pink salmon is currently at very high levels. The escapement to the Fraser River also increased over the period that total
returns increased (Fig. 5). Estimates of pink salmon fry leaving the Fraser River also increased after the 1977 regime shift
and again beginning in 2002 (Fig. 6). At the same time, exploitation rates decreased gradually until 1997 when they dropped
abruptly to very low levels (Fig. 7; Grant and Pestal 2009).
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Fig. 4. Total returns of pink salmon to the Fraser River from 1963 to 2011. Arrows for 2009
and 2011 indicate that the true total could be larger.
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Fig. 5. Total escapement of pink salmon to the Fraser River from 1963 to 2011.
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Fig. 6. Abundance estimate of Fraser River pink salmon fry at a trap located at Mission,
approximately 100 km upriver from the mouth of the river.
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Fig. 7. Exploitation rate of pink salmon produced in the Fraser River from 1963 to 2005.
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Fig. 8a. Number of juvenile pink salmon caught in the Strait of
Georgia in July 2008 in a 30-min set.

Fig. 8b. Number of juvenile pink salmon caught in the Strait of
Georgia in September 2008 in a 30-min set.

Results and Discussion
Juvenile pink salmon were caught throughout the Strait of Georgia in July in even-numbered years as shown for 2008
(Fig. 8a, b). Juvenile pink salmon remained in the Strait of Georgia through to September, but the CPUE was diminished
(Fig. 9). There was no relationship between the number of fry leaving the Fraser River and the CPUE in July (Fig. 10),
except for 2010 when there was a very large abundance of fry and a very large CPUE. There also was no relationship
between the survey CPUE and the total returns in the following year (Fig. 11). The average length of juvenile pink salmon in
the July and September surveys also was not related to total return (Fig. 12). The average lengths of pink salmon in the July
trawl surveys are longer than average lengths reported by Phillips and Barraclough (1978) and others, indicating that the fry
may be finding more prey now than in the past. Therefore, there was no indication that the abundance or size of the juvenile
pink salmon in the Strait of Georgia was related to the total return.
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Fig. 10. Number of pink salmon fry moving downstream in the
Fraser River compared to CPUE in the Strait of Georgia July trawl
survey, 1998-2008.
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Fig. 9. Catch per unit effort (CPUE) of pink salmon in the Strait of
Georgia for July and September, 1998-2010.
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Fig. 11. Total return of pink salmon to the Fraser River compared
to CPUE in the Strait of Georgia trawl survey in July (top panel)
and including the estimate for the return year of 2011 and ocean
entry year of 2010 (bottom panel).
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(2004) showed that there is a weak stock and recruitment relationship for pink salmon from the Fraser
River. The relationship strengthened and changed significantly when estimated by regimes (Fig. 13). This indicated that
large-scale atmospheric processes affected the productivity of pink salmon from the Fraser River. The existence of a weak
stock-recruitment relationship also 1990
identified an association between the number of spawning females and total returns. This
relationship also exists between the counts of fry for all years and total return (Fig. 14). It appeared, therefore, that pink
salmon production in Fraser River populations was related to the number of spawning females, but the variability of the
relationship was affected by ocean conditions outside of the Strait of Georgia and by large-scale climatic trends. Thus, the
increasing production of pink salmon from the Fraser River since the late 1970s would result from improved fry production
and improved ocean conditions both inside and outside of the Strait of Georgia. The increased escapements in the last decade
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Fig. 13. Overall and regime-dependent relationships between
stock (S) and recruitment (R) for pink salmon. From Beamish et al.
(2004). Circled areas contain data for specific regimes.

Fig. 14. Relationship between downstream counts of pink salmon
fry at the trap at Mission and the total return of adults to the Fraser
River one year later, 1962-2008.
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The study of the intercirculi spaces of pink salmon scales collected from an area north of the Strait of Georgia on the east
side of Queen Charlotte Strait used samples collected from juveniles in 2003 and 2005 and from adults in 2004 and 2006.
In 2003, a sample of 134 juveniles had an average intercirculi spacing for the first five circuli that was not different than the
spacing measured in the adults returning in the next year in 2004 (Fig. 15). However, when the study was repeated in 2005
and 2006, the returning adults in 2006 had significantly larger average intercirculi spacing than observed for juveniles in the
previous year and for juveniles in 2003 (t-test, p < 0.001; Fig. 15). In 2003 and 2004, the adult return was approximately
Average of first 5 intercirculi spaces for pink
salmon from the Broughton Island area
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Fig. 15. The average intercirculi spacing of the first five circuli on pink salmon scales of returning
adults is larger in years when total survival is poor.

nine times larger than the escapement that produced the return. In 2005 and 2006, the adult return was about one third
the size of the escapement that produced the brood year. I interpret these results to indicate that in years when the winter
survival is high, as in 2003-2004, the slower growing fish survive almost as well as the faster growing fish. However, when
winter survival is poor, as in 2005-2006, the smaller fish do not survive as well according to the critical-size critical-period
hypothesis (Beamish and Mahnken 2001) and the average intercirculi spacing for the first five circuli of the surviving adults
is larger. Blackbourn and Tasaka (1990) measured the intercirculi spacing on scales of pink salmon returning to the Fraser
River from 1963 to 1981. They reported that the distance from the tenth circulus to the outside edge of the marine annulus
was significantly and negatively related to total production and marine survival. The negative relationship indicates a larger
distance when there is lower survival. The response is similar to the findings in our study in the Queen Charlotte Strait area.
Cross et al. (2008) conducted a similar circuli spacing study of the early marine growth of pink salmon in Prince William
Sound. They observed that in years of poorer survival, the pink salmon that survived to return as adults had wider intercirculi
spacing in the early marine period. In years of very good survival there was no difference in the intercirculi spacing. These
were virtually identical to the results depicted in Fig. 16. In the Cross et al. (2008) study, their size related relationship
was for hatchery pink salmon. They did not observe a relationship between the circuli spacing and survival of wild pink
salmon; however, they also did not have estimates of total survival of wild pink salmon. Importantly, they also reported that
the size difference was not evident until after the juvenile pink salmon left the coastal area (after October). The somewhat
counterintuitive interpretation by these three studies indicates what I think is an important aspect of the biology of pink
salmon and that is highly relevant to their recent survival trends.
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Fig. 16. Relationship between growth from the tenth circuli to the annulus and survival for pink salmon in
the odd-numbered return years from 1963 to 1981 (data from Blackbourn and Tsaka 1990).
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The observations from the Strait of Georgia studies and from the circuli-spacing studies can be interpreted to indicate
that pink salmon differ from other Pacific salmon in the way they utilize energy in the early marine period. It is speculation,
but juvenile pink salmon may use more of the energy from prey for growth and less for the storage of lipids. This would
make them more dependent on the abundance of prey during the late fall and winter and would explain the absence of
relationships between growth in the early marine period and survival in the Strait of Georgia. At the beginning of this
paper, I wrote that the message in the data that did not appear to show very much was what it did not show. The lack of a
relationship between pink salmon survival and growth in the early marine period, despite some evidence of increased growth,
was an indication that the mechanisms regulating survival could be different than other Pacific salmon and that feeding
conditions in the winter were critical. Dependency on finding prey in the late fall and winter would reduce the resilience
to ocean conditions that result in poor plankton production in the winter and lead to greater variation in survival, which is
characteristic of pink salmon population dynamics.
In general, pink salmon depend on fresh water less than the other species of Pacific salmon. In fresh water, they spawn
close to the ocean and enter the ocean early and quickly. In the ocean, pink salmon have a variable diet as they feed more
on particular sizes of prey rather than on particular prey (Brodeur and Pearcy 1990). The recent increase in odd-year pink
salmon production would result from increased prey production during the late fall and winter as a consequence of the
changing climate. These improved feeding conditions and a metabolic focus on growth would allow pink salmon to grow
more in the early marine period and in the winter. Thus, in general, pink salmon have evolved to find prey faster, to feed
more frequently, and the odd-year line could use more energy for growth and less for lipid storage. This strategy makes pink
salmon more dependent on lower trophic level prey, leaving little ability to buffer their diets with the consumption of higher
trophic levels in periods of poor plankton production. The life history strategy benefits from a warming ocean, which results
in more favourable ocean winters than unfavourable. The resilience of the pink salmon life history strategy and the warming
in the Strait of Georgia and the open ocean ensures that years of good production quickly follow years of poor production.
It is known that there are major genetic differences between the odd- and even-year lines of pink salmon (Apsinwall
1974; Beacham and Murray 1988; Beacham et al. 2012). Another speculation could be that incorporated in these genetic
differences is the different metabolic strategy in which the even-year pink salmon use more of their energy during the
summer for lipid storage than the odd-year pink salmon. Even-year pink salmon would take less risks metabolically than
odd-year pink salmon, resulting in even-year pink salmon receiving less of an advantage of warmer and more productive
winters. This difference, if it is valid, does not explain all of the differences associated with dominance between the two
lines, but it may explain why even-year pink salmon are not increasing in synchrony with odd-year pink salmon in the total
catches by all countries. It may also explain why odd-year pink salmon grow to larger sizes than even-year pink salmon
(Godfrey 1959; Ricker et al. 1978). Fraser River pink salmon, according to these speculations, are increasing in abundance
because they are odd-year pink salmon, escapements are increasing, and the Strait of Georgia and open ocean provide a
favourable environment for survival.
Conclusion
Pink salmon in general and odd-year pink salmon in particular depend on fresh water for production, which is a function
of the number of spawning females, but their life history strategy depends more on the marine period. This life history
strategy is more closely matched to the current changes in climate and ocean conditions than other species of Pacific salmon
because they could also use more of their energy for growth during the early marine period than other Pacific salmon. This
strategy would place a dependency on finding adequate prey during the winter, but recent climate changes could result in
more frequent encounters of optimal feeding conditions in the early marine period and in the winter. The lack of synchrony
between the odd and even lines of pink salmon could indicate a fundamental genetic difference in the use of energy for
growth or storage between the two lines during the early marine period and extending into the ocean winter.
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