NPAFC Bulletin No. 1

Seasonal Growth Patterns of Pacific Salmon (Oncorhynchus spp.)
in Offshore Waters of the North Pacific Ocean

Yukimasa Ishida, Soto-o Ito, Yasuhiro Ueno, and Junko Sakai
National Research Institute of Far Seas Fisheries, Fisheries Agency of Japan,
5-7-1 Orido, Shimizu, Shizuoka 424, Japan

> >’

Ishida, Y., S. Ito, Y. Ueno, and J. Sakai. 1998. Seasonal growth patterns of Pacific saimon
(Oncorhynchus spp.) in offshore waters of the North Pacific Ocean. N. Pac. Anadr. Fish Comm.
Bull. No. 1: 66-80

Seasonal growth patterns of Pacific salmon (Oncorhynchus spp.) in the North Pacific Ocean were
explored using biological data collections from the Japanese salmon research programs. Seasonal
change in fork length and body weight was similar between sockeye and chum salmon, and between
pink and coho salmon. Seasonal change in condition factors was very similar among the five species,
that is, condition factors increased in spring, peaked in summer, decreased in fall, and were lowest in
winter. Average growth rate in weight during maturing stage was significantly higher than that in
immature stage for sockeye, pink, and coho salmon. For chum salmon, there was no significant
difference in growth rate between immature and maturing fish, but the growth rate of immature fish was
higher than those of other species, especially at age 0.2. Growth rates during life stages when density-
dependent growth may occur are higher than those in other life stages. We can hypothesize that
higher growth rates require greater demands for food intake, which may lead to density-dependent
growth during these rapid-growth seasons if prey resources are limited.

> >’

INTRODUCTION

There is a great deal of evidence that the sizes of
Pacific salmon caught in commercial fisheries have
varied from year to year in the North Pacific Ocean
(Ricker 1995; Helle and Hoffman 1995; Bigler et al.
1996). To explain these changes in body size, several
hypotheses - such as density-dependent growth,
selection by size selective fisheries or artificial
enhancement, and changes in ocean conditions - were
suggested for some species and stocks (Ricker 1981;
Kaeriyama 1989; Ishida et al. 1993, 1995). In
general, most fish continue to grow throughout their
lives (Moyle and Cech 1988). For Pacific salmon,
there is substantial information on body size of out
migrating juveniles and returning adults for many
stocks. However, the growth of Pacific salmon during
the marine rearing phase has not been defined
precisely because of very limited ocean sampling,
especially in winter (LeBrasseur and Parker 1964;
Lander and Tanonaka 1964; Lander et al. 1966;
LalLanne 1971). Three methods have been used to
estimate marine growth of Pacific salmon: (1) seasonal
changes in the average sizes of fish sampled at
frequent intervals at sea, (2) tag-recovery data, and (3)
fish lengths back-calculated from scales (Birman 1951;
Taguchi 1961; Ricker 1964; Lalanne 1971;

Kaeriyama 1996). Japanese scientists have conducted
salmon research in offshore waters since 1953.
Biological data collected during this research was used
to estimate marine growth of Pacific salmon.

The purposes of this study were to provide a basic
description of the marine growth of five species of
Pacific salmon, to compare these results with those
from previous studies, and to discuss the relationship
between seasonal growth pattern and density-
dependent growth.

MATERIALS AND METHODS

Data (Appendix Tables 1 - 8) used for this study
were collected by the following three salmon research
programs: (1) the Spring and Summer Salmon
Research Program, (2) the Winter Salmon Research
Program, and (3) the Juvenile Salmon Research
Program. In the Spring and Summer Salmon
Research Program, fish were caught by non-selective
drift gillnets (C nets with 10 different mesh sizes from
48 to 157 mm; Takagi 1975), special mesh drift
gillnets (F nets with mesh sizes less than 48mm and
greater than 157 mm), commercial drift gillnets (Nets
with mesh sizes from 112 to 130 mm), and surface
longlines on Japanese salmon research vessels from
1972 through 1995 in the North Pacific Ocean,
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Okhotsk Sea, Bering Sea, and Gulf of Alaska. In this
study, biological data collected by C and F nets were
used. In the Winter Salmon Research Program, drift
gillnets and surface longlines were used in the North
Pacific Ocean in the winters of 1968 and 1969, and a
trawl net was used in the North Pacific Ocean and
Gulf of Alaska in the winters of 1992 and 1996. In
the Juvenile Salmon Research Program, purse seines,
small mesh gillnets (22 to 63 mm), and trawl nets
were used in the western North Pacific Ocean and
Okhotsk Sea in June-October of 1988-1995.

Fish were processed by recording fork length,
body weight, sex, and gonad weight. A scale for age
determination was removed from the standard
International North Pacific Fisheries Commission
(INPFC) preferred area of the body of each fish, if
scales were present. Age was determined in the
laboratory by visual examination of scale samples.
Maturity was determined from gonad weights (Takagi
1961; Ito et al. 1974). In this study, average fork
length (FL) in mm, body weight (BW) in g, and
condition factor (10'xBW/FL®) were calculated by
species, maturity, ocean age, and month. Growth
rates are defined as increments in fork length or body
weight per month (mm/mo or g/mo). Average growth
rates are calculated by immature and maturing fish
including negative values. All freshwater age groups,
sexes, years, and gear types were combined. Data
points calculated from less than 10 fish were excluded
from the analysis. We did not analyze data by
geographic area and stock, so growth patterns in this
study are not for specific stocks, but for several stocks
combined.

RESULTS
Fork Length

Seasonal change in fork length was similar
between sockeye and chum salmon, and between pink
and coho salmon. Juvenile sockeye salmon were
about 210 mm in fork length in August and grew to
270 mm by the end of the first year. For immature
sockeye salmon, the average fork length in July was
350 mm, 480 mm, and 540 mm for the second to the
fourth year, respectively. For maturing sockeye
salmon, the average fork length in July was 390 mm,
550 mm, 610 mm, and 620 mm from the second to the
fifth year, respectively (Fig. 1). The average growth
rate was 10 mm/mo for immature sockeye salmon,
and 14 mm/mo for maturing sockeye salmon, but
these differences were not significant (t-test, P <0.05)
(Table 1).

Juvenile chum salmon were about 150 mm in fork
length in July and grew to 240 mm at the end of the
first year (Fig. 1). For immature chum salmon, the
average fork length in July was 340 mm, 460 mm,

520 mm, and 560 mm from the second to the fifth
year, respectively. For maturing chum salmon, the
average fork length in July was 400 mm, 520 mm,
590 mm, 620 mm, and 630 mm from the second to the
sixth year, respectively (Fig. 1). The average growth
rates were 14 mm/mo for both immature and maturing
chum salmon but these differences were not significant
(t-test, P<0.05) (Table 1).

Pink and coho salmon grew linearly, although the
growth slowed from October to January. The average
fork lengths of pink and coho salmon were 250 mm
and 340 mm at the end of the first year, respectively,
and 500 mm and 620 mm in September of the second
year, respectively (Fig. 1). There was no significant
difference between the growth rates of immature and
maturing fish for both species (t-test, P<0.05)
(Table 1). Chinook salmon appeared to have a linear
growth pattern, although data were not sufficient to
estimate growth rates (Fig. 1).

Body Weight

Seasonal changes in body weight were similar to
those 1n fork length, but much more drastic, especially
during the season of rapid growth. Juvenile sockeye
salmon were about 100 g in body weight in August
and grew to 230 g by the end of the first year. For
immature sockeye salmon, the average body weight in
July was 470 g, 1280 g, and 1950 g from the second
to the fourth year, respectively. The average body
weight of maturing sockeye salmon in July was 740 g,
2230 g, 3060 g, and 3280 g from the second to the
fifth year, respectively (Fig. 2). The average growth
rate of maturing sockeye salmon was significantly
higher than that of immature sockeye salmon (t-test,
P<0.05) (Table 1). The body weight growth rates of
maturing sockeye salmon at ocean age .2 and .3 were
higher than those of other ages.

Juvenile chum salmon were about 40 g in body
weight in July and grew to 140 g at the end of the first
year. For immature chum salmon, the average body
weight in July was 440 g, 1160 g, 1770 g, and 2170
g from the second to the fifth year, respectively. The
average body weight of maturing chum salmon n July
was 780 g, 1890 g, 2790 g, and 3260 g from the
second to the sixth year, respectively (Fig. 2). The
average body weights of immature chum salmon
decreased during winter. The average growth rates of
immature and maturing chum salmon were high and
not statistically different (t-test, P <0.05) (Table 1).
The body weight growth rate of immature chum
salmon at age 0.2 and 0.3 were higher than those of
other ages.

The average body weights for pink and coho
salmon were 170 and 480 g in December of the first
year, respectively, and 1520 g and 3440 g m
September of the second year, respectively (Fig. 2).
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Fig. 1 Average fork lengths of Pacific salmon taken at sea by month. Open circles indicate immature fish and closed circles

indicate maturing fish.
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Table 1. Growth rate in fork length and body weight by species, maturity, and ocean age.

Species
Ocean Age
Immature Maturing Immature Maturing
Sockeye
Age .0 11.54¢6.0 20.5+26.8
Age 1 15.0£9.4 12.5¢16.6 57.5+35.7 80.3t1145
Age .2 10.5£10.8 15.2¢13.5 94.5+88.3 209.7£184.3
Age .3 1.7¢13.0 16.7+15.1 39.5¢1451 273.1£239.4
Age 4 8.6£15.4 178.4+308.4
MeanzS.D. 10.2¢109 13.8+13.9 63.5+88.6 192.4+206.1
Chum
Age .0 17.4£26.3 20.8+38.7
Age .1 24.4+153 20.1£339 111.62117.0 163.6+321.6
Age 2 13.1£18.2 21.8275 152.6+159.8 254.6£136.0
Age .3 9.7x15.5 8.0£259 140.12171.6 124.3+408.0
Age 4 0.9+14.3 12.8125.1 95.6+£206.8 288.5£71.2
Age .5 21438 153.2¢75.9
MeanxS.D. 14.4+18.4 13.8£20.0 112.421427 197.0+266.7
Pink
Age .0 2312227 28.2+30.5
Age .1 27.2+166 150.0£73.1
MeantS.D. 23.1222.7 27.2¢16.6 28.2+30.5 150.0¢73.1
Coho
Age .0 4172256 105.5£88.3
Age .1 39.9x11.7 398.2£204.8
MeantS.D. 417256 39.9+11.7 105.5:88.3 398.2+204.8
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Fig. 2 Average body weights of Pacific salmon taken at sea by month. Open circles indicate immature fish and closed
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For both species, the average growth rate of maturing
fish was significantly higher than that of immature fish
(t-test, P <0.05) (Table 1).

Condition Factor

Seasonal change in condition factors was very
similar among the five species, that is, condition
factors increased in spring, peaked in summer,
decreased in fall, and were lowest in winter (Fig. 3).
In addition to seasonal changes, condition factors of
sockeye and chinook salmon showed increasing trends
in peak and low values as ocean age increased. In
contrast, the peak and low values of condition factors
of chum salmon were stable regardless of ocean age
(about 130 and 100, respectively). The condition
factors of coho salmon were higher than those of pink
salmon in all seasons.

DISCUSSION

Comparison with Other Studies

For sockeye salmon, we obtained a growth
pattern similar to that presented by French et al.
(1976) based on the seasonal size of fish sampled in
the North Pacific Ocean and Bering Sea. In both
areas, the growth of sockeye salmon was positive for
most of the year. Continuous growth for sockeye
salmon was also observed by Bilton and Ludwig
(1966) using scale examination.

For chum salmon, the present estimates of body
size for each age group were smaller than those
provided in previous studies (Birman 1951; Kaeriyama
1996). The body size of chum salmon at the end of
the first year was 240 mm in the present study, but
260-300 mm and 350-370 mm in the previous studies
based on scale measurements. There are three
possible explanations for this difference. Firstly, these

differences may be stock specific as Birman (1951)

examined a wild stock in the Amur River, and
Kaeriyama (1996) examined a hatchery stock in Japan.
In general, body sizes of out migrating juveniles of
hatchery stocks are larger than those of wild stocks,
because hatchery fish are fed artificially before
release. The chum salmon in the present study are
mixed stocks, so the difference in body size may be
partly due to the difference of stocks or stock
composition. Secondly, these differences may be
temnporal. Kaertyama (1996) indicated that the average
sizes of chum salmon in 1985-1992 were smaller than
those in 1976-1980, and that this difference in growth
was due to the changes in fish density. Most of the
juveniles in the present study were collected after
1985. Therefore, the differences in sizes of juvenile
chum salmon may be partly explamed by differences
in growth conditions due to fish density. Lastly, these

differences may be related to differences in
methodology. Birman (1951) and Kaeriyama (1996)
measured the widths between annuli on scales and
estimated fork length by back-calculation using an
estimated scale-length relationship. This relationship
was developed using mature adults, and it has not yet
been validated with juvenile fish.

For pink salmon, the present growth pattern is
within the range of those provide by Ricker (1964),
LeBrasseur and Parker (1964), and Takagi et al.
(1981). There is a season of slow growth from
October to January in the present growth pattern. A
similar slow-growth season was also found by Ricker
(1964). This slow-growth season for pink salmon
corresponds to the time of annulus formation in
December or January (Birman 1960; Bilton and
Ludwig 1966). Average fork length at the time of
annulus formation was estimated to be 28 cm by back-
calculation (Birman 1960), while the average fork
length in the present study was 25 cm in January.

Growth Rate and Density-Dependent Growth

Average growth rate in weight during maturing
stage was significantly higher than that in immarture
stage for sockeye, pink, and coho salmon. For chum
salmon, there was no significant difference between
immature and maturing fish, but the growth rate of
immature fish was higher than those other species,
especially at age 0.2.

It is reported that density-dependent growth in
salmon occurs at a specific life history stage in the
North Pacific Ocean. For sockeye salmon, density-
dependent growth occurs in maturing fish in the last
few months at sea (Rogers and Ruggerone 1993). For
chum salmon, density-dependent growth occurs in the
first through the fourth year, especially in the third
year (Ishida et al. 1993; Kaeriyama 1996). For pink
and coho salmon, growth variation in the second year
at sea is related to abundance of pink salmon (Ogura
et al. 1991, Ishida et al. 1995). Growth rates during
life stages when density-dependent growth may occur
are higher than those in other life stages. We can
hypothesize that higher growth rates require greater
demands for food intake, which may lead to density-
dependent growth during these rapid-growth seasons
if prey resources are limited.
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Fig. 3 Average condition factors of Pacific salmon taken at sea by month. Open circles indicate immature fish and closed

circles indicate maturing fish.
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Appendix

Table 1. Fork length, body weight, and condition factor of immature sockeye saimon.

Ocean  Month Fork Lenth Body Weight Condition Factor
Age
No Mean £ S.D. FL/dt Mean S.D. Bw/dt Mean + 8D
.0 1
2
3
4
5
6
7
8 375 2071 = 157 96.2 % 229 107.2 + 109
9 19 2143 = 137 7.2 97.8 E 25.8 1.6 97.2 + 108
10
11 21 2589 140 193.2 * 3341 110.6 t 7.0
12 17 2747 t 221 158 2328 E 623 395 110.3 * 6.9
A 1
2
3 53 2019 = 319 265.3 E 4 86.9 103.5 + 107
4 449 2968 + 336 49 290.4 + 1135 251 107.4 + 142
5 1907 3030 + 314 6.2 309.2 + 1012 188 108.2 + 142
6 6181 3200 + 318 17.0 3626 + 1219 534 108.1 + 138
7 12827 3504 1 336 304 472.7 + 1449 11041 107.1 + 1186
8 3831 3691 + 339 18.7 561.2 + 1672 885 109.0 + 123
9 313 3819 + 337 12.8 6105 + 1902 493 106.9 + 120
10
11
12 73 4188 302 852.8 + 2097 114.2 + 8.1
2 1 30 4287 & 339 9.9 889.0 + 2096 362 110.7 + 57
2
3 151 4461 * 284 9818 + 2037 109.1 * 6.4
4 558 4367 * 343 -9.5 8235 + 2386 -583 108.8 t 79
5 2627 4449 + 319 8.2 9809 * 2324 &573 109.7 + 95
6 5708 4522 x 30.7 7.4 10471 + 2456 662 1115 + 103
7 16394 4777 + 327 255 12809 + 3024 2338 115.6 + 108
8 2897 4947 + 336 17.0 14554 & 3229 1745 118.6 + 123
9 271 5099 320 15.2 16072 * 3446 1518 119.6 * 9.9
10
11
12
3 1
2
3
4 22 5272 + 5341 17700 5991 115.6 k4 83
5 117 5128 * 362 -14.5 16414 t 41611 -1286 119.7 + 128
6 322 5208 z 371 8.1 1739.1 + 4551 978 120.8 + 124
7 538 5364 x 407 15.5 19464 + 5013 2072 1235 + 124
8 73 5339 1 433 -25 1928.1 + 5081 -183 1238 % 9.0
9
10
11
12
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Appendix {continued)

Table 2. Fork length, body weight, and condition factor of maturing sockeye salmon,

Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean * S.D. Fl/t Mean ¢+ SD. Bwi/dt Mean ¢ S.D.
A 1
2
3
4 20 3636 * 702 5920 + 3880 1080 ¢ 9.6
5 106 3524 + 398 -11.2 5062 + 1876 -85.8 1102 = 150
6 326 367.0 = 441 145 6065 + 3193 100.3 1160 + 158
7 414 3867 = 407 197 7408 + 2946 134.2 1229 + 139
8 183 4138 + 426 2741 9131 + 3989 1723 1238 + 132
9
10
11
12
2 1
2
3 136 4845 =+ 209 12999 * 1845 1136 ¢ 56
4 845 4962 + 304 117 14428 + 3031 142.9 1165 = 9.4
5 3187 503.0 =+ 406 6.8 15710 = 4576 128.2 1201 + 126
6 6331 5421 £ 403 392 21099 = 5162 5389 1298 + 132
7 6710 5508 + 425 8.8 22294 + 5689 119.5 1305 + 138
8 370 5604 384 95 23483 + 5534 118.9 1310 = 127
9
10
11
12
3 1 14 5289 * 205 18386 + 21286 1239 ¢ 6.0
2
3 36 5309 * 234 17563 + 2299 1168 + 6.5
4 435 5624 * 329 315 22145 * 4132 459.2 1232 # 8.8
5 2677 5753 + 380 128 25185 £ 5983 304.0 1300 = 115
6 7277 6085 + 368 332 30613 * 5929 5429 1345 = 120
7 5738 6083 z 337 -02 30568 =+ 5633 -4.5 1347 + 127
8 279 6144 = 299 6.1 31206 + 5224 63.8 1336 + 104
9
10
11
12
4 1
2 20 8511 £ 293 20295 + 3831 1201 8.8
3
4 15 5958 + 344 27453 + 5421 1283 8.7
5 72 6007 + 338 4.9 28704 + 5555 125.1 1311 = 120
6 122 6263 + 456 256 33804 + 7575 510.0 1353 = 120
7 96 6216 * 341 -4.7 32805 + 586.8 -99.9 1357 + 132
8
9
10
1
12
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Table 3. Fork length,body weight, and condition factor of immature chum salmon.

Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean + S.D. Fl/t Mean + S.D BW/dt Mean = S.D.
.0 1
2
3
4
5
6
7 33 1506 =+ 230 379 = 17.1 105.3 + 13.7
8 88 2099 % 324 59.3 1131 ¢ 453 75.2 116.9 + 17.4
9 144 2116 + 245 1.7 1134 ¢ 4.0 0.4 11565 + 111
10 416 2322 + 211 2086 14841 % 447 347 115.3 * 8.7
11 205 2222 + 212 -10.0 1196 ¢ 335 28.6 106.6 * 7.9
12 18 2375 + 368 15.4 1417 % 73.2 221 99.9 * 8.4
A 1 215 2333 + 188 -4.2 1316 = 359 -104 101.4 k4 7.0
2
3 41 2411+ 150 1444 282 102.3 + 75
4 302 2684 + 226 273 1942 = 54.5 49.8 99.3 * 139
5 553 2941 = 198 25.8 2743 % 67.2 80.2 106.5 t 14.2
6 4990 3263 + 245 322 3758 £ 1075 1015 106.4 * 12.7
7 23542 3423 + 250 159 4364 + 1138 60.5 1071 + 1.6
8 5688 3707 & 279 285 5819 + 1827 1456 1115 E 13.1
9 236 4158 + 316 450 9357 + 2755 3538 126.4 + 15.8
10
1
12 147 3709 + 255 5341 % 1053 103.8 * 72
2 1 75 3860 + 439 15.1 6126 + 259.2 78.5 100.9 S 9.4
2
3 13 4511 + 305 8531 + 2447 101.7 + 8.8
4 478 4233 + 322 -27.7 8069 + 2125 -146.2 104.2 * 8.6
5 1367 4365 = 329 13.2 9188 + 2530 1119 108.1 + 104
6 8612 4476 =+ 325 1.1 10421 £ 2770 1233 1139 + 11.7
7 25045 4593 + 338 11.7 11632 = 3117 1211 1176 * 134
8 4921 4923 + 380 33.0 15350 + 4331 3718 128.7 t 129
9 440 5154 399 231 181314 + 5057 2781 129.3 kS 125
10 22 5410 : 201 256 20950 + 3270 2819 131.8 + 15.5
11
12 76 4572+ 294 457.2 10453 + 2347 10453 107.9 + 115
3 1 42 4189 + 422 247 11521 + 3067 10638 101.0 t 9.9
2
3 22 5249 * 284 5249 15123 + 2239 15123 104.0 + 5.1
4 182 5136 =+ 426 -11.3 15091 = 4613 -3.2 108.3 * 10.7
5 696 5035 + 345 -10.1 14402 * 3609 -688 111.0 * 122
6 3465 5141 & 347 106 16079 + 3670 1677 116.8 E 122
7 8355 5239 x 354 9.8 17719 + 4429 1640 121.2 * 14.0
8 970 5524 + 379 285 22436 + 5542 4717 130.9 £ 144
9 79 5683 x 30.0 159 23861 + 4208 1425 129.0 * 11.4
10
11
12 19 5170 354 517.0 14367 + 3345 14367 1028 + 12.4
4 1
2
3
4
5 26 5685 : 438 568.5 21327 + 6877 21327 1226 + 113
6 142 5530 x #1.2 -15.5 18927 + 4618 -1400 116.6 * 12.4
7 335 5602 = 420 72 21726 + 5932 1800 121.4 % 151
8 23 5712 % 513 11.0 24196 + 6915 2469 126.8 kS 196
9
10
11
12
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Table 4. Fork length, body weight, and condition factor of maturing chum salmon.

Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean + S.D. Fldt Mean + S.D. BwW/dt Mean S.D.
A 1
2
3
4
5 19 4125 + 948 9811 * 9056 1133 + 13.8
6 107 3949 + 762 -176 8067 + 6185 -1744 113.2 + 14.9
7 181 3954 =+ 625 -0.5 7816 * 5425 -251 113.7 £+ 18.4
8 51 4450 * 563 497 11045 + 4726 323.0 117.9 * 12.4
9 16 4928 =+ 375 47.7 16356 + 4066 531.1 135.7 * 219
10
11
12
2 1
2
3
4 245 4680 = 410 11695 =+ 3476 111.2 E3 12.2
5 915 4920 % 382 241 14447 = 4129 2752 118.2 + 124
6 2892 5039 + 422 119 1640.7 + 5002 196.1 1245 E 15.4
7 3691 5227 + 492 18.8 18909 + 658.6 250.1 1271 E 16.1
8 790 5517 + 484 290 22446 + 6812 353.8 129.6 * 15.1
9 97 5827 = 425 31.0 26674 * 6663 4228 132.4 * 11.1
10 37 5989 * 350 16.1 2697.3 * 4635 299 125.4 £ 18.1
11
12
3 1 51 5150 =+ 380 14468 =+ 3099 104.6 £ 10.2
2
3 115 5288 =+ 269 16531 + 29741 111.0 * 10.1
4 2418 5415 + 342 127 18354 =+ 4168 182.2 114.0 b4 1141
5 9329 5481 + 350 7.6 2037.7 + 4688 202.3 121.3 E 126
6 19734 5686 * 367 195 23941 £ 5424 356.5 128.5 x 14.0
7 16745 5913 = 425 228 27928 =+ 7262 398.7 1323 * 15.5
8 1650 6170 = 461 256 31703 + 82341 3775 1325 * 15.9
9 166 6390 = 459 221 34354 + 8377 265.0 1295 £ 13.3
10 108 6467 * 470 71 34921 % 766.2 56.8 127.7 £ 115
1 23 5930 + 414 537 26478 + 5622 -8443 1255 * 94
12
4 1 14 54889 =+ 334 17204 + 3132 103.1 £ 8.5
2
3 50 &776 % 256 20470 =+ 2902 105.9 + 9.6
4 494 5872 + 368 96 23969 + 5338 3499 116.9 - 12.0
5 2246 5938 x 36.2 6.7 25036 + 5647 196.7 1224 > 124
6 5691 6081 = 372 14.2 29482 + 6152 354.6 129.8 * 13.5
7 5216 6217 + 408 13.6 32582 + 7608 310.0 1335 k3 147
8 281 6418 = 465 202 34897 x 8232 2315 130.1 k- 135
9
10
11
12
5 1
2
3
4
5 44 6265 = 281 30521 + 5360 123.2 * 125
6 134 6313 + 364 4.8 32589 + 6868 206.8 128.2 * 13.6
7 163 6307 * 455 -0.6 33584 + 7901 99.5 1321 * 14.6
8
9
10
11
12
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Table 5. Fork length, body weight, and condition factor of pink salmon.

Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean + S.D. Fl/dt Mean + SD. BW/dt Mean + S.D
0 1
2
3
4
5
6
7 56 1387 = 941 318 = 58 118.5 * 11.3
8 17 1460 == 271 7.3 395 27 7.7 109.2 E 12,5
9 90 1737 = 180 27.7 581 + 255 18.6 105.4 + 12.4
10 937 2347 + 178 61.0 1387 £ 407 80.6 105.1 E 77
11 707 2431 + 385 84 1457 ¢ 385 6.9 99.2 E 84
12 275 2542 x 3341 11.1 1729 £ 814 272 98.1 % 8.8
A 1 215 2542 = 187 0.0 1549 = 367 -18.0 92.7 * 56
2 239 3169 + 2886 627 3185 + 930 163.7 97.6 k3 7.9
3 111 3487 + 366 318 4083 + 1537 89.8 92.6 k3 75
4 12494 3816 =+ 355 329 5845 + 1848 176.2 102.2 & 1.7
5 50466 4104 + 334 289 7776 t 2323 193.0 109.6 * 127
6 129518 4267 =+ 323 16.3 919.0 = 2523 141.5 115.8 % 12,6
7 126480 4495 =+ 3541 227 11289 £ 3225 209.9 1213 b 4 13.0
8 5884 4747 + 324 252 13206 + 3366 191.7 121.2 E 13.8
9 1163 4900 =+ 358 243 15231 =+ 3976 202.6 120.1 t 135
10
11
12
Table 6. Fork length, body weight, and condition factor of coho salmon.
Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean + S.D. Fl/dt Mean  S.D. Bw/dt Mean + 8D
.0 1
2
3
4
5
6
7
8 540 2225 + 262 1535 + 623 134.4 + 134
9 27 2461 x 439 236 1966 + 1294 431 117.9 + 164
10 28 3059 + 168 598 3646 + 5586 168.0 127.0 + 105
11
12 68 3369 + 383 4800 = 1714 1209 4 9.8
A 1 57 3529 x 341 160 5139 + 158.2 339 116.1 + 157
2
3
4 228 4536 + 389 1080.7 =+ 2883 113.3 + 120
5 625 4972 + 397 4386 14504 =+ 3580 369.7 1159 + 106
6 6433 5349 x 430 377 19370 = 5396 486.6 123.7 + 136
7 15250 5675 + 458 326 2557.8 & 690.1 620.7 136.9 + 158
8 3802 5828 + 475 152 2909.0 * 7593 351.2 143.8 + 138
<] 76 6171 + 544 343 34361 * 9953 5271 141.8 + 161
10
11
12
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Table 7. Fork length, body weight, and condition factor of immature chinook salmon.

Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean + S.D. FlL/dt Mean + SD. BW/dt Mean + SD.
.0 1
2
3
4
5
6
7
8 50 1936 + 110 940 % 17.3 128.5 + 9.4
9
10
1
12
A 1 29 2810 * 146 3043 = 52.2 1359 £ 6.4
2
3
4
5 14 3302 £ 405 4386 181.5 116.4 + 170
6 323 3349 = 427 4.6 4787 t 278.7 40.1 120.7 + 129
7 504 3589 £ 499 251 6124 = 4280 1337 1221 + 130
8 71 3949 + 467 35.0 8163 = 371.0 2040 1258 + 9.7
9
10
11
12
2 1
2
3
4
5 88 5845 = 529 24719 * 636.0 1213 + 121
6 534 5658 + 585 -187 23775 ¢ 7648 -944 127.0 + 123
7 1275 5952 + 5586 294 28536 = 8385 4761 131.4 + 132
8 145 6226 =+ 507 27.4 32653 9048 4117 131.8 + 120
9 23 6456 =+ 337 229 36483 = 6492 383.0 1346 * 9.1
10
11
12
3 1
2
3
4
5 91 7125 % 532 45108 =+ 13024 121.6 + 116
6 192 7131 597 0.6 46909 + 130368 180.2 126.7 + 158
7 238 7229 + 606 98 50218 + 14316 3308 1299 + 130
8 16 7608 * 474 379 57631 + 13273 7414 128.7 t 7.9
9
10
1
12
4 1
2
3
4
5
6
7 10 8624 1 479 8351.0 + 15056 8351.0 128.8 + 6.4
8
9
10
11
12
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Table 8. Fork length, body weight, and condition factor of maturing chinook salmon.

Ocean  Month Fork Length Body Weight Condition Factor
Age
No Mean + S8.D. FL/idt Mean + SD BWidt Mean + S.D.
2 1
2
3
4
5 33 6310 + 663 37803 + 14525 144.6 + 166
6 53 6019 + 520 -291 32040 = 9115 -5763 143.4 x 119
7 27 5985 + 657 -3.4 30385 = 961.3 -1654 137.2 + 170
8
9
10
11
12
3 1
2
3
4
5 22 7956 x 1074 78941 + 34559 147.9 + 173
6 4 8139 + 1057 184 82645 + 34981 3704 1442 + 144
7
8
9
10
11
12
4 1
2
3
4
5 21 9609 + 705 128195 + 28369 142.8 + 115
6 32 9438 + 811 -1741 133781 * 38307 5586 155.6 + 219
7
8
9
10
11
12
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