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The importance of pink salmon to the fishery of the Russian Far East can scarcely be exaggerated because this species
determines the total catch of Pacific salmon in the region. Fishery science already has provided a wealth of biological data
about density and stock abundance of pink salmon during different periods of the life cycle, but often we find ourselves
running into something we cannot explain. For example, abrupt transformations in populations when seemingly there is
nothing to indicate a forthcoming, and potentially striking, change. It is well known that pink salmon have the simplest lifecycle among Pacific salmon species, but forecasting the stock dynamics of this species is more complicated and results are
more uncertain than with other species.
For this study we used a cluster analysis to examine the basis of the dynamics of pink salmon escapement in different
rivers of West and East Kamchatka. It has been demonstrated that the even- and odd-year lines of pink salmon in West
Kamchatka have, at minimum, two well recognized population groups: the southern group that comprises populations from
the Ozernaya River to the Kol River, and the northern group that includes populations from the Vorovskaya River to the
Pyatibratka River (Fig. 1). In West Kamchatka the boundary between the two groups for both odd- and even-year brood lines
is located along 55°N latitude.
East Kamchatka pink salmon populations are poorly structured. Major pink salmon populations exist in the Karaginsky
and Olutorisky Gulfs, and minor populations are located in the Karaginsky, Kronotsky and Avachinsky Gulfs.

a)

b)

Fig. 1. Structure of pink salmon stocks in Kamchatka. Even-year brood line (a left panel), and odd-year brood line (b,
right panel).

It is known that differentiation of pink salmon populations is difficult, even when using genetic methods. Absence of
genetic distances (homogeneity) for species with a short life-cycle means that it is possible, or in fact quite likely, that large
scale inter-regional movements of pink salmon took place in the past. Straying of fish and fluctuations in the abundance of
spawners returning to different rivers are typical processes for pink salmon.
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Since the late period of the 20th century, we observed fluctuations in the contribution of populations from West and
East Kamchatka to the total regional pink salmon production. During this period, the proportion of the northern group in
total production has increased and the proportion of the southern group has decreased. The shift of pink salmon runs to more
northerly areas in recent years (especially in West Kamchatka) has raised interest in making a detailed analysis that takes into
account the known structure and previous knowledge of Kamchatka pink salmon.
The contribution of the northern group of pink salmon
in West Kamchatka was impressive until the 1980s (Fig. 2).
In the early years, the large proportion of fish in the northern
group contributing to the total run of West Kamchatka pink
salmon resulted from the existence of the Japanese driftnet fishery and the operation of motherships in southern
commercial fishing areas (Lagunov 1946). That period was
over in 1978, when the fishery within the 200-mile economic
zone was limited. The contribution of the northern group
of pink salmon began to increase again at the end of 20th
century. We suggest that fluctuations of West Kamchatka
pink salmon within the two structural units of production is
normal (perhaps of a regular character), and connected with
the cyclic dynamics of climate. This suggestion raises the
following question: Which determinant propels the dynamics
of the relative contributions of the northern and southern
groups in escapement, fluctuations in prespawning runs, or
fluctuations in production of the two groups?
It is unlikely that migration fidelity in returning to
natal spawning grounds plays a role. Comparison between
parental abundance and returns to West (Fig. 3) and East
(Fig. 4) Kamchatka indicates there is reliable homing of pink
salmon to the spawning grounds under normal conditions,
although we do not exclude the possibility of limited lowFig. 2. Relative contributions (%) of northern and southern groups
of pink salmon to the total production in West Kamchatka, odd
level of straying by spawners. In addition, slight deviations
years, 1958–2009.
in the abundance of returns can easily be explained by
removal of pink salmon aggregations during their transit
through areas where there are marine trap-nets. However, we think that production fluctuations are most likely directed by
climate changes and temperature, which improves the environment for pink salmon production at the northern boundary of
pink salmon freshwater distribution.
Experience from September–October trawl surveys has shown that the abundance of juvenile salmon, as a rule, has
already been formed by the time juveniles emigrate to the open waters of the Pacific Ocean. Therefore, data obtained in
trawl surveys conducted during this time period can be used to forecast returns (Fig. 5). Abundance of juvenile migrants in
the river is usually well correlated with parental stock abundance, but poorly correlated to subsequent return of fish as adults.
Hence, the principle determinant in pink salmon run formation should occur in the early marine period of life. The data we
have regarding pink salmon habitat during this period are comparatively poor. However, it is known that movement of pink
salmon smolts into cold sea water can result in high mortality (Karpenko 1998). Of course, mortality can also result from
low capacity of the forage base to support salmon during periods when pink salmon are in the river, estuaries, and coastal
waters.
We used the ALPI Index and the Delta P Index as general predictors for testing the effects of climate conditions on
formation of stock abundance of the northern and southern groups of pink salmon. The Delta P index was suggested by O.B.
Tepnin (Head of the Oceanographic Laboratory, KamchatNIRO). The Delta P index relates the Aleutian maximum pressure
and Siberian minimum pressure, and it is an indirect indicator of the intensity of atmospheric processes in the Russian
Far East. Interestingly, we could not find correlations between these indices and the general abundance pattern of West
Kamchatkan pink salmon.
The occurrence of straying provides an indirect confirmation of abundance fluctuations by the presence of abundant
fish in rivers that are usually negatively affected by strong human impacts and have poor adult returns for several years.
For example, we have observed this several times in the Avacha and Paratunka Rivers, which are located near the city of
Petropavlovsk–Kamchatsky in the most populous region of Kamchatka. There will be a sudden increase of pink salmon
catches in the Kamchatsky Gulf and the Kamchatka River basin that occurs by straying of adult pink salmon from the
Karaginsky Gulf.
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Fig. 3. Relationship between parental abundance and the number of pink salmon returning to the rivers of West Kamchatka in even-numbered
years, 2002–2010.

Fig. 4. Relationship between parental abundance and the number of pink salmon returning to the rivers of East Kamchatka in odd-numbered
years, 2001–2009.
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We conclude that the unit of pink
salmon stock abundance, the population,
exists through time as a relatively
stable temporal and spatial group of
subpopulations that have a limited
and insignificant—but permanent—
exchange of individuals at the boundaries
of commercial fishing districts. For
example, these populations include West
Kamchatka, North Kamchatka, and
probably the Kamchatka River. In the
Kamchatka River, the number of pink
salmon that stray into the river in oddnumbered years can be significant. For
West Kamchatka pink salmon, we think
the exchange between geographically
close populations is more intense than
between distant populations and that
Fig. 5. The migration route of pink salmon returning to spawning rivers in Northeast
the exchange of strays is proportional
Kamchatka.
to the distance between stocks. The
same mechanism also occurs in East
Kamchatka, but sometimes the pink salmon runs can get reoriented around Karaginsky Island (Fig. 5). When that happens,
we can observe episodic straying and settlement of pink salmon onto spawning grounds that are distant from their natal
spawning area.
In contrast to results obtained by some others, during periods of relatively stable conditions we have good agreement
between forecasts and observed pink salmon returns using traditional stock-recruitment models (Ricker and Shepherd
model; Ricker 1954; Shepherd 1982; Kriksunov 1995). When there are sudden changes in some of the parameters, we have
observed unexplained returns that are interpreted statistically as outliers. Over time as we have gained more experience
with these variable parameters, the models have provided useful forecasts. Two recent odd-year cycles indicated record
high levels of pink salmon stock abundance in Northeast Kamchatka. Although we have no explanations for the mechanism
supporting these extra-high abundant runs, at the very least we believe that most regulation of pink salmon abundance occurs
in the early marine period of life.
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Fig. 6. Abundance pattern of juvenile pink salmon (fish/1-hr
of trawling) in the coastal waters off Northeast Kamchatka
during the fall. Catch data provided by the survey cruise of
the R/V Professor Kaganovsky (September 23 – October 10,
2010).

Fig. 7. Relationship between total abundance of juvenile pink salmon
caught on research cruises and adult returns to the Kamchatka coast.
Red lines indicate expected adult returns to East Kamchatka in 2011.
Data provided by the fall surveys of KamchatNIRO and TINROCenter.
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Trawl surveys for estimation of juvenile
pink salmon abundance in the Bering Sea in
September–October have proven to be useful
for forecasting (Figs. 6 and 7). However,
interpreting the data from juvenile salmon trawl
surveys in the Okhotsk Sea has proven more
complicated because the fall surveys catch
mixed-stock aggregations of pink salmon that
requires stock-identification of the mixture.
The mixed-stock aggregations include large
groups of pink salmon originating from West
Kamchatka, Sakhalin, or Kuril Islands and we
need to identify the groups in order to improve
forecasting of adult returns to those areas (Fig.
8). Current methods of differentiating juvenile
pink salmon on the basis of scale structure
have shown poor reliability. We hope using
genetic markers will help us achieve our goal of
obtaining reliable differentiation of the stocks
in these aggregations (Shpigalskaya et al., this
report). In the near future we believe the use of
genetic markers will provide reliable regional
Fig. 8. The general scheme of mixed-stock juvenile pink salmon aggregations
stock identification of juvenile pink salmon in
in southern Okhotsk Sea, October-November.
the Russian Far East (Shpigalskaya et al., this
report).
In conclusion, we summarize the following basic points:
1. Local stocks of Kamchatka pink salmon in particular rivers exist as spatially and temporally, more or less,
stable groups at a subpopulation level. At the most basic level, the subpopulations of Kamchatka pink salmon include
Southwestern, Western, Northeastern and the Kamchatka River.
2. One of the possible determinants of changes in relative contribution of subpopulations to total stock production of
pink salmon can be the increase in production at the edge (northern edge) of freshwater distribution of pink salmon. In
particular, this is happening in association with climate changes that have taken place in Kamchatka during the last decade.
3. Abundance of pink salmon is formed primarily in the early marine period of life. Studying the processes that
determine survival of juvenile pink salmon in the early marine period will help our understanding of what controls pink
salmon population abundance and improve forecasts of pink salmon returns.
4. In the waters off East Kamchatka, current application of marine trawl survey results on the abundance of juvenile pink
salmon aggregations during the fall is an effective tool in forecasting the abundance of adults returning the following year. In
the Okhotsk Sea (West Kamchatka), we need to develop more effective tools to reliably and easily differentiate mixed-stock
aggregations of pink salmon.
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