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Jdistribution.

Growth and size at maturity of Ozernaya River sockeye are determined by a combination of
environmental and genetic factors. Some evidence suggests the observed differences in body size
ot Ozernaya River sockeye in odd- and even-years may also be controlled by genetic factors (Krogius
1960). Killick and Clemens (1963) found no direct relationship between the annual variation in
body size of Fraser River sockeye and the abundance of Fraser sockeye and pink salmon populations
from 1915-60. although Fraser sockeye were larger in even years, when Fraser pink salmon are
virtually absent. They suggested instead that the observed differences might also have been caused
by genetic factors (Killick and Clemens, 1963).

Data collected from the Kamchatka River (Konovalov, 1980; Bugaev and Ostroumov, 1990)
and Kuril Lake (Krokhin and Krogius, 1937; Bugaev, 1976), which is the main spawning ground of
the Ozernaya River sockeye, also support a link between genetic factors and sizes of sockeye
spawners in some spawning grounds. However, our study suggests that the variations in growth rate
of Ozernaya River sockeye are primarily related to environmental factors (in this case, the marine
abundance of pink and sockeye populations). If genetic factors were to play a significant role in the
changes in mean size then we would expect to see long-term trends in mean size dominating, which
is not the case. Sano (1963) also showed that both the size of sockeye and pink salmon caught in the
western north Pacific ocean and the average weight of their stomach contents was smaller in
alternating years, when pink salmon abundance was high.

Our analysis indicates that studies of separate age groups are more informative than analyses
based on pooled age-groups. Data on the age structure of the Bolshaya River sockeye population
do not seem to be reliable (unpublished analysis), so it is not possible to establish the variation in
growth for this population by separate age groups. However, the data suggest that th= number of
west Kamchatkan pink also has an effect on the body sizes of sockeye from the Bolshaya River. No
statistically significant correlations between abundance of east Kamchatkan pink and the size of
Bolshava River sockeye was found for the pooled data.

Draft: 2 November 1995 (Thursday), 10:05am.
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Conclusions

Our results indicate that the final body sizes of mature sockeye in the Ozernaya River are
affected more by the marine abundance of pink salmon than by the marine abundance of sockeye
from the Ozernaya and Kamchatka rivers. This is probably related to the much higher abundance
of pink salmon (Fig. 1) and because pink salmon feed lower down the food chain (Brodeur 1990;
Pearcy et al 1988; Welch and Parsons 1993).

The effect of pink salmon abundance should be considered when analyzing the population
dynamics of Russian sockeye and when making predictions of commercial sockeye returns to the
Ozernaya River. The increase in abundance of the Ozernaya River sockeye, as observed from the
mid to late 1980s to the early 1990s (Selifonov, 1988, and current catch statistics), may be associated
not only with the fertilization of Kuril Lake and other salmon lakes in Kamchatka (Kurenkov, 1988),
but also with the abrupt decrease in the marine abundance of Kamchatkan pink salmon at the same
time. Significant increases in the abundance of Kamchatkan pink might therefore reduce the
productivity of Ozernaya River sockeye. Future evaluations of management strategies should
include not just the possibility of ocean interactions with other stocks of sockeye salmon (e.g.
Peterman 1984), but also the possibility of density-dependent interactions with other species of
salmon.

Draft: 2 November 1995 (Thursday), 10:05am.
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Figure Legends
Figure 1. Variation in the abundance of pink and sockeye salmon stocks used in the analysis.
230 Figure 2. Regression planes of the estimated effect on Ozernaya river sockeye weight of the marine
abundance east and west Kamchatka pink and Ozernaya and Kamchatka River sockeye

populations. The abundance of stocks not shown in each panel were set to their 1970-91
averages when calculating predicted body weight.

235
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Table 1. Pink and sockeye salmon abundance, in thousands of fish.

Year East Kamchatka West Kamchatka Ozernaya River Kamchatka River

Pink Pink Sockeye Sockeye

1970 16.2 0.3 2301 2668

240 1971 22.9 8.8 2352 1175
1972 9.1 1.7 1951 673

1973 15.6 7.2 1539 856

1974 ‘ 15.0 22 1687 224

1975 383 27.8 2344 732

245 1976 19.9 11.3 1753 734
1977 51.2 56.5 1440 1696

1978 11.0 13.6 2420 1708

1979 53.6 713 2415 1421

1980 43 21.1 2773 1570

250 1981 57.8 414 2540 1476
1982 15.1 34.8 1794 1501

1983 38.7 153.2 2752 2317

1984 26.7 78.1 4161 2621

1985 22.8 8.7 5881 1756

255 1986 3.9 37.5 4320 1069
1987 52.8 1.6 5680 1557

1988 8.6 33.0 3700 1025

1989 65.9 1.6 4972 892

1990 26.3 26.8 10583 594

260 1991 95.3 2.8 6679 626

Draft: 2 November 1995 (Thursday), 10:05am.
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I'able 2. [ engths-at-age of Ozernaya River sockeye salmon (cms).
11 1.2 13 2.1 2.2 2.3 2.4 2.4 3.1 3.2 3.3 3.4

Year

1970 - . - - 411 580 552 625 602 - 63.0 - 58.1 360 615 608 - 60.0  59.0
1971 - - - - - 408 569 556 635 610 647 610 - 572 556 648 620 - 60.4 585
1972 . - - - - 418 579 564 642 617 680 630 - 60.0 574 646 62.0 . 62.0  59.1
1973 . - ; ; . 435 561 554 637 610 670 628 464 583 558 642 630 - 61.8 599
1974 ; . ; ; . 428 580 560 630 61.1 620 608 - 60.7 561 642 624 617  59.0
1975 ) ; ; . . 412 606 560 643 610 667 605 @ - 588 570 650 618 - 619  59.0
1976 3 ) ; ; . 427 577 566 640 61.0 645 628 - 575 567 - - - 61.1 595
1977 ; - ; 710 - 399 574 548 657 622 636 626 - 585 551 642 626 633 598
1978 400 S4.7 530 - 580 402 568 559 646 612 . . 453 586 56.7 639 607 - 595 595
1979 365 - 60.5 621 59.0 389 547 535 634 596 645 640 409 575 548 636 60.1 645 552  56.8
1980 - 570 538 620 - 398 557 S39 624 606 - 628 385 570 549 - 62.0 64.0 589 575
1981 - - . 64.1 594 373 558 S41 633 600 622 616 - 600 536 630 596 - - 60.0  58.0
1982 . - . - - 392 547 533 636 603 624 618 401 568 S4.1 635 609 - 620 576 574
1983 - - - - 570 340 521 513 616 581 626 - 359 527 507 610 586 570 - 586 57.0
1984 - - - - - 370 534 S36 620 S88 625 - 410 549 534 620 593 660 - 59.9 583
1985 - - - 580 620 410 552 552 629 597 695 618 - 56.1 551 624 595 638 - 60.6  58.8
1986 338 533 . 575 625 406 560 550 630 598 625 600 445 533 535 673 606 650 636 S91 S84
1987 " 505 472 608 566 388 544 523 626 593 621 583 - 559 536 603 571 S86 ST
1988 ) 495 - 62.7 S88 376 S50 545 623 596 628 - 385 545 542 634 607 588 S84
1989 ; ; ; ; - 400 532 528 629 596 649 615 390 544 546 628 602 - 578 578
1990 385 475 - ; 636 413 556 543 638 608 648 619 - 573 543 646 618 69.0 630 590
1991 ; 467 490 640 61.6 387 533 533 616 582 625 608 441 545 525 626 S84 620 - 574 560
Avg 382 513 527 625 599 399 558 545 632 602 642 617 413 569 548 634 607 638 635 599 584
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Table 3. Weight-at-age of Ozemaya River sockeye salmon (kgs).
1.1 1.2 L3 2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4
Year
1970 - - - - - 1.02 2.57 2.24 3.22 2.82 - 3.10 - 2.50 2.33 3.20 2.70 - -
1971 - - - - - 0.85 2.33 2.20 332 2.88 3.33 2.95 - 2.44 2.17 3.51 3.10 - -
1972 - - - - - 0.98 2.56 230 350 3.04 4.10 3.30 - 2.72 2.30 3.50 310 -
1973 - - - - - 1.06 2.23 212 3.23 2.84 3.78 3.27 1.20 2.46 221 325 3.27 -
1974 - - - - - 1.00 2.50 2.18 3.10 2.82 2.95 3.00 - 2.70 2.26 3.40 303 - -
1975 - - - - 0.90 2.83 223 3.26 2.80 3.52 3.20 - 2.60 2.44 327 2.85
1976 - - - - - 1.00 2.57 2.40 3.22 297 3.40 2.98 - 246 2.38 - -
1977 - - - 4.20 - 0.72 2.25 1.89 345 2.94 2.86 2.96 - 233 1.92 3.21 2.92 -
1978 0.70 2.11 1.85 - 245 0.85 2.35 2.18 3.62 2.96 - - 1.22 2.45 2.25 3.43 3.00 - -
1979 0.60 - 2.60 2.86 2.55 0.77 2.01 1.83 324 2.65 3.20 3.55 0.85 2.30 2.00 3137 2.66 - 3.40
1980 B 2.60 2.35 3.05 - 0.83 2.33 209 3.29 2.82 - 3.25 0.70 2.49 2.13 - 3.53 - 3.80
1981 - - 31 2.13 0.70 2.46 2.09 348 2.89 2.75 3.07 - 2.85 2.08 3.35 2.75 - -
1982 - - - - - 0.80 2.24 2.03 31.54 2.93 3.34 3.15 0.85 2.54 2.02 3.46 3.01 - 3.20
1983 - - - - 2.40 0.55 183 1.70 3.06 2.50 31.02 - 0.64 1.86 1.59 3.10 2.54 2.30 -
1984 . - - - - 0.60 2.08 2.04 3.33 2.77 3.19 - 1.00 2.27 2.01 3134 2.86 3.60 -
1985 . - - 2.20 2.55 0.97 2.38 2.31 3.38 2.85 4.55 327 - 2.51 2.27 3.39 2.84 3.32 -
1986 0.75 2.08 - 2.63 3.30 1.14 245 222 341 2.95 3.37 3.02 1.20 2.14 2.11 4.02 311 370 3.50
1987 - 1.82 1.40 3.18 2.45 0.85 2.21 1.96 338 2.86 327 2.78 - 2.40 1.99 3.01 2.45 - -
1988 1.70 - 3.56 2.88 0.74 2.67 2.21 3.37 291 3.25 - 0.75 2.14 2.15 3.59 3.00 - N
1989 - - - - - 0.88 2.03 1.92 334 285 3.74 2.98 0.75 2.11 2.01 3.24 2.81 .
1990 0.75 1.15 - - 3.34 0.98 2.30 215 3.58 3.02 3.78 329 - 2.54 2.18 31.82 3.14 4.95 -
1991 . 1.31 1.35 3.65 3.25 075 1.99 2.00 309 264 330 2.92 1.15 222 1.87 3R 2.55 3.40 .
Avg 0.70 1.82 1.91 323 2.79 0.86 2.32 2.10 334 2.85 3.40 311 0.94 2.41 2.12 338 292 3.54 3.47
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Table 4. Summary of regression coefficients (x10~) of sockeye and pink salmon abundance on average weight at return (kgs) of Ozernaya
sockeye by sex and age.

320 Age w. E. Pink  Ozernaya Kamchatka R*  pvalue
Group Pink Sockeye Sockeye
Male 2.1 -2.1 -2.8 6.6 -53.4 0.66 <0.01
2.2 -2.5 -4.5 -19.9 -66.4 0.49 0.02
23 -0.9 -2.1 19.9 347 0.18 0.46
2.4 -6.1 -6.7 70.4 155.2 0.42 0.09
325 3.2 -3.3 -1.1 -21.6 -20.1 0.35 0.10
33 1.3 -6.8 42.6 -148.6 0.61 <0.01
Pooled -0.5 -39 16.4 -14.5 0.15 0.56
Female 2.2 -2.6 -3.9 3.5 -22.9 0.68 <0.01
330 23 -1.6 -2.5 6.6 -23.7 0.52 0.01
24 4.3 -3 11.1 -20.4 0.31 0.28
3.2 -3.2 -3.5 -9.7 -27.4 0.68 <0.01
33 -0.3 -1.7 -3.3 -139.1 0.63 <0.01
Pooled -0.4 -3.2 19.0 -12.5 0.41 0.05
335
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Table 5. Estimated effect of the mean abundance of different stocks discussed in the text on Ozernaya sockeye weight (kgs). The
calculations show the predicted effect on mean weight if the average abundance of each stock dropped to zero. Single and double
asterisks indicate results based on regression equations that were statistically significant at probabilities less than 5% and 1%,

respectively.

Sex Age
Group

Male 2.1
2.2

23

24

32

33

Pooled

Female 2.2
23

24

3.2

33

Pooled

W. Pink

-0.06
-0.07
-0.03
-0.18
-0.10

0.04
-0.01

-0.08
-0.05

0.13
-0.09
-0.01
-0.01

E. Pink Ozernaya Sockeye Kamchatka
Sockeye

-0.09 0.02
-0.14 -0.07
-0.06 0.07
-0.20 0.24
-0.03 -0.07
-0.21 0.15
-0.12 0.06
-0.12 0.01
-0.08 0.02
-0.09 0.04
-0.11 -0.03
-0.23 -0.01
-0.10 0.07

Draft: 2 November 1995 (Thursdav). 10:05am.

-0.07
-0.09

0.05

0.20
-0.03
-0.20
-0.02

-0.03
-0.03
-0.03
-0.04
-0.18
-0.10

Net Effect (kgs)

-0.19**
-0.37*
0.02
0.07
-0.23
-0.22**
-0.10

-0.21**
-0.13**
0.05
-0.27**
-0.44**
-0.14*
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Table 6. Summary of regression coefficients of sockeye and pink salmon abundance on average length at return (cms) of Ozernaya
sockcye by sex and age.

Regression Coefficient (x10°)

360 Sex Age Group W. Pink E. Pink  Ozernaya  Kamchatka R?  pvalue
Sockeye Sockeye

Male 2.1 -0.0360** -0.0261* -0.127 -1.000  0.73 <0.01

2.2 -0.020 -0.021 -0.3701* -0.653  0.49 0.02

2.3 -0.003 -0.003 -0.157 -0.404 0.21 0.36

2.4 -0.023 -0.021 0.015 0371 0.16 0.63

365 3.2 -0.023 -0.001 -0.4721* -0.510  0.40 0.06

3.3 0.007  -0.0279* -0.077 -1.6495**  0.55 0.01

Average -0.004 -0.029 0.031 -0.654 0.18 0.48

Female 2.2 -0.0158*  -0.0238* -0.190 -0.550  0.63 <0.01

2.3 -0.009 -0.015 -0.180 -0.446 0.51 0.01

370 2.4 0.017 -0.009 -0.133 0229 0.22 0.49

3.2 -0.0258** -0.018 -0.2878* -0.306  0.67 <0.01

3.3 -0.002  -0.0292* -0.241 -1.1024*  0.57 <0.01

Average -0.007 -0.021 -0.075 -0.091 0.39 0.06

Draft: 2 November 1995 (Thursdav). 10:05am.
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375 Table 7. Estimated effect of mean abundance on Ozernaya Sockeye Lengths ( cm)
Sex Age W. E. Ozernaya Kamchatka
Group Pink Pink Sockeye Sockeye
Male 2.1 -1.0 -0.8 -0.4 -1.3
22 -0.6 -0.6 -1.3 -0.9
380 23 -0.1 -0.1 -0.5 -0.5
24 -0.7 -0.6 0.1 0.5
32 -0.7 0.0 -1.6 -0.7
33 0.2 -0.8 -0.3 -2.2
385
Female 22 -0.5 -0.7 -0.7 -0.7
23 -0.3 -0.5 -0.6 -0.6
24 0.5 -0.3 -0.5 03
32 -0.8 -0.5 -1.0 -0.4
390 33 -0.1 -0.9 -0.8 -1.4

Draft; 2 November 1995 (Thursday), 10:05am.
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