














8) and suggests that data for males and females could be pooled for this analysis. Two
obvious factors are responsible for the ordination pattern in Figure 8. One plane separates
the Nass River from a mix of Skeena and Rivers Inlet strata along principal component 1.
A second plane completely separates age x.2 sockeye from age x.3 sockeye. Correlations
among strata of the same ocean age were more important than correlations among
different age classes within rivers. This suggests that the ocean experience of Nass River
sockeye may be less similar than the more highly correlated time series of the Skeena
River and Rivers Inlet.

Interannual covariation in mean weights was highest between sexes within
river/age-class strata (Figure 9) as was observed for mean lengths. The dominant
principal component had age 1.2 River Inlet sockeye at one extreme and age x.3 Skeena
River sockeye at the other. Ocean age was the major factor responsible for the ordination
pattern. The effect of river was less important in determinirig the pattern of covariation in
mean weights. Unlike the ordination of mean lengths, the Nass River does not appear as
unique. Note the close proximity of age 1.3 sockeye from Rivers Inlet to Nass River
sockeye of the same age.

The principal component responsible for the ordination based on condition factor
was river system. Strata from each river form 3 distinct clusters of points (Figure 10).
There is some suggestion that within each cluster, ocean age can be used to further
separate the strata within rivers. The determination of condition factor may be entirely
genetic. Despite the tendency for stocks to covary with other stocks in mean length and
weight, some ratio of the two has evolved that is suited to the environment that each must
face when returning to spawn. An environmental hypothesis seems less likely but cannot
be ruled out. Sockeye are increasing in weight more rapidly than length during the final
spring at sea. At some point in their homeward migration the stocks will experience
separate ocean environments because they are destined to arrive at different geographic
locations along the coast. Perhaps the final few weeks of separation are sufficient to
produce the growth adjustments that create stock-specific condition factors. The latter
seems less likely. Run timing of Nass and Skeena River sockeye is not that different yet
they represent the ordination extremes (Figure 10). This does not appear to result from a
latitudinal cline as Rivers Inlet separates Nass and Skeena stocks in the ordination. Rivers
Inlet sockeye have more variable annual condition factors than Skeena or Nass stocks.

Model requirements

The major purpose of these retrospective studies is to improve the basis for
modeling the marine component of sockeye life histories. The next task is to develop a
model of sockeye interaction that captures the observed patterns of variation and
covariation in growth. What are the relevant observations of stock interaction that need to
be maintained in a sockeye marine life history model?



Factors to consider:

1. Northern B.C. sockeye that spend 3 years at sea tend to have a centre of distribution
that is further west in the Gulf of Alaska than those spending 2 years in the ocean.

2. Environmental and density-dependent forcings and stock distributions need to be
scaled such that they produce the observed covariances among age/sex/river strata.

3. The magnitude of Western Alaska sockeye catches will affect the length and weight of
age x.3 sockeye.

4. The mean sizes of different age-classes (eg. 1.2, 1.3 ) within a brood year appear
correlated up to the year of maturity of the earlier maturing age-class and are not
correlated thereafter. '

5. The mean sizes of sockeye differ by system.

What appears to be the most hopeful for a first modeling attempt is to create
sockeye distributions that are aggregated to some unknown degree in the North Pacific.
The aggregations will need to be stock- and age-specific to affect the observed
covariation patterns.
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Figure 1. Location of the Nass River, Skeena River and Rivers Inlet (Owikero River) with respect to
the Fraser River in Rritish Golurbia, Canada.
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Sockeye Mean Length versus Sockeye Catch 1912-1963

Males

3 Ocean Years 2 Ocean Years

60 H 1 L 60 1] T 1
Nass R _ Nass R.

* e - Y 55+ a
g s0l- T T T sof R il
L ~ 'Y :'—:‘.‘.zif:,:.:m———
45+ - ash 4
40 1 i ! .1 40 { i 1 1 1
60 T —TTT 60 T T"T"T

40 { o1y 40 i o1
60 T ™ TT1 60 T ™1 1T
Rivers Inlet Rivers Inlet

55+ - ~ 55+ -

§ sof .
e, -
45 - - a5} padlli et s -
40 | Lo 40 ! Lo g

o A A

log{numbers) loglnumbers)



60

40

60

&5

45

40

Sockeye Mean Length versus Sockeye Catch 1812-1963

3 Ocean Years

T

| S -

L ;
SAhE
xoo@dioo RS
loglnumbers)

40

55

45

40

Figae 3.

2 Ocean Years

Rivers Inlet

P
ST
h 21 Iadl g

[islolfaiViaslal il



Figure 4.

Sockeye Mean Weight versus Sockeye Catch 1912-1963
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Figure 6.

Sockeye Condition Factor versus Sockeye Catch 1912-1963
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Figae 7.

Sockeye Condition Factor versus Sockeye Catch 1912-1963
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