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DISTRIBUTION AND RELATIVE ABUNDANCE OF SUMMER AND WINTER STEELHEAD IN 
THE NORTH PACIFIC OCEAN IN 1983 AND 1984 

INTRODUCTION 

Recent high seas investigations have added considerable insight 
into the ocean distribution, migratory patterns, and other biological 
attributes of North American steelhead trout (Salmo gairdneri) and the 
closely related Kamchatkan trout (2_. mykiss) (Okazaki 1983, 1984, 1985, 
Sutherland 1973). However, in these studies no attempts yere made to 
differentiate between summer-run and winter-run steelhead , so nothing 
is known of the ocean life history features that are peculiar to each 
rRce. Because time of return to freshwater is markedly different for 
su~mer and winter steelhead, it is likely that these differences are 
reflected in the spatial.and temporal distribution of steelhead in the 
North Pacific Ocean. This document summarizes the results of a study I 
conducted to identify the racial (summer and winter) origins of 
steelhead trout collected during Japanese salmon research vessel 
operations in the North Pacific Ocean in 1983 and 1984, and during 
Japanese salmon mothership fishery operations in 1984. 

Seasonal races of steelhead and Kamchatkan trout are known to 
occur in populations of these species throughout their range (Bali 1959, 
Chilcote et al. 1980, Jones 1983 a,b, Maksimov 1976, Neave 1944, 
Shapovalov and Taft 1954, Smith 1968, Van Hulle 1985, Wallis and Balland 
1982, Withler 1966, and many others). The races (usually two) are 
defined by the timing of adult returns to spawning streams and by the 
state of sexual maturity of these fish upon entry into freshwater. 
Steelhead which return to freshwater between May and October are termed 
"summer" fish, and those that enter and ascend spawning streams between 
NovE::mber and April are referred to as "winter" steelhead (Smith 1968, 
Withler 1966). Summer steelhead are not sexually mature when they enter 
the spawning streams, and they remain in these streams seven to ten 
,nonths until spawning the fol lowing spring. Winter steelhead are 
usually sexually mature when they enter freshwater, and spend one to 
four months in the stream before spawning. Both races spawn at 
approximately the same time (principally January to May). 

Much evidence suggests that the specific life history of each race 
is genetically based (Chilcote et al. 1980, Fessler 1973, Leider 1985, 
Leider et al. 1985, Neave 1944, Parkinson 1984, Parkinson et al. 1984, 
Smith 1968, Winter et al. 1980). However, efforts to identify the 
racial origins of steelhead by electrophoretic, karyotypic, 
morphological, or meristic methods have generally been unsuccessful 
(Chilcote et al. 1980, MacGregor and MacCrimmon 1977, Milner 1977, 

1salmo gairdneri and Salmo mykiss are superficially indistinguishable, 
and although results of genetic studies (Okazaki 1984, 1985) suggest 
that the two species overlap in their distribution, the extent of this 
overlap has not been fully defined. For these reasons I refer to ocean
caught fish of either species as "steelhead". 
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Thorgaard 1977, Utter and Allendorf 1977, Winter 1983, Winter et al. 
1980). Otoliths have proven to be the best means of distinguishing 
summer and winter steelhead (McKern et al. 1974, Winter 1983). McKern 
et al. (1974) used otolith microstructure to distinguish known summer 
steelhead from known winter steelhead in hatchery and wild stocks from 
Oregon, Washington, and British Collllllbia. These authors identified a 
check in otoliths of steelhead that was presumably formed at yolk 
absorption when alevins switched from yolk reserves to active feeding. 
The area of the otolith defined by this "metamorphic" check was termed 
the "nucleus". Winter fish had larger otolith nuclei than summer fish, 
and the authors postulated that this difference was attributable to 
larger egg sizes of winter steelhead. On the basis of their results, I 
chose otoliths for use in distinguishing summer from winter steelhead in 
samples of fish caught on the high seas. 

Specific objectives of my study were to: 

1) Verify and refine the technique of separating summer from winter 
steelhead using otolith microstructure (McKern et al. 1974). 

2) Apply this technique to determine the racial (summer and winter) 
composition of mixed-stock samples of steelhead caught in the North 
Pacific Ocean in 1983 and 1984. 

METHODS AND MATERIALS 

Source of Samples 

Steelhead from known summer and winter populations and from high 
seas catches were sampled for otoliths. The known-race samples served 
as standards in a discriminant analysis used to estimate the racial 
composition of the high seas samples. 

Known Racial Origins 

Juvenile and adult steelhead of known racial origins were sampled 
from populations in 42 streams along the Pacific coast of North America 
from California to Alaska. Eighteen populations of summer-run fish and 
28 populations of winter-run fish were sampled (Figure 1, Table 1). 
Most of the samples were from hatchery-reared fish, but some British 
Columbia fish were of wild origins. 

Hatchery-reared juveniles (young-of-the-year to smolt-size) from 
1984 and 1985 broods were taken from rearing ponds in the spring and 
summer of 1985. Hatchery adults returning to spawn in 1984 or 1985 were 
sampled after being sacrificed for spawning in the spring of 1984 
(British Columbia stocks) and 1985 (all other adults). Samples were 
collected on-site or were sent to me by agency personnel. 
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High Seas Samples 

Steelhead of unknown racial or1g1ns were collected in the North 
Pacific Ocean by fishing operations of Japanese salmon research vessels 
in the summer of 1983 and 1984, and of Japanese commercial salmon 
motherships in the summer of 1984 (Figure 2). Of the 3,070 steelhead 
caught by these vessels, 1,117 were retained for use in this and other 
studies. 

Freshly caught steelhead were weighed, measured for fork length, 
and sampled for scales. The fish were then labelled and stored frozen. 
At the end of the season the samples were shipped to the Pacific 
Biological Station in Nanaimo, B.C. (research vessel samples), and the 
Fisheries Research Institute (FRI) in Seattle, Washington (mothership 
samples), where the otoliths were removed and other biological parame
ters were measured. Ages of sampled fish were determined from by visual 
examination of scales and otoliths. 

Collection and Preparation of Otoliths 

The largest (sagittal) pair of otoliths was removed from all fish 
and soaked in a 50:50 glycerin and water mixture for a minimum of one 
week before polishing. After polishing, the otoliths were examined and 
measured at SOX magnification under a dissecting microscope using 
reflected light against a black background. 

The metamorphic check (McKern et al. 1974) was identified in 
steelhead otoliths as the first distinct hyaline band visible beyond the 
check formed when the fish hatched (Marshall and Parker 1982, Neilson 
and Geen 1982). The maximum width (dorsal and ventral limits) of the 
oval-shaped area bounded by the metamorphic check was measured with an 
ocular micrometer, and the measurements were converted to millimeters. 

Verification of the Metamorphic Check 

To confirm that the metamorphic check was formed at yolk absorp
tion, I obtained weekly samples of four alevins from each of five 
populations (2 summer, 3 winter) beginning at hatching and continuing 
until complete yolk absorption. The two summer stocks were from the 
Clearwater River, Idaho (Dworshak National fish Hatchery) and the 
Tsitika River on Vancouver Island, B.C. (Vancouver Island Provincial 
Hatchery). The three winter stocks were also from Vancouver Island. 
These samples were from the Nanaimo and Englishman Rivers (Vancouver 
Island hatchery), and the Big Qualicum River (Big Qualicum Hatchery). 
Alevins were collected by personnel at the respective hatcheries, who 
preserved them in 70% ethanol and shipped them to me for analysis. 
Length and width of the sagittal otoliths were measured, and fork 
lengths, yolk presence or absence, and the presence or absence of food 
in the gut were recorded for each alevin. Rearing temperatures were 
also recorded for each lot of fish sampled. 
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Coded-Wire Tagged Steelhead 

In both 1983 and 1984 steelhead carrying coded-wire tags were 
caught by research vessels and motherships in the North Pacific Ocean 
and Gulf of Alaska (Dahlberg and Fowler 1985). The tags were implanted 
in steelhead smolts before their seaward migration, and contain infor
mation on time and location of release. These tags furnish valuable 
information on migration and distribution, and were used as a cross
check in the accuracy of the racial classifications. 

Statistical Analysis 

All data were analyzed using BMDP (Dixon et al. 1983) and SPSS 
(Nie et al. 1975) statistical software packages. All statistical tests 
were performed at the .05 level of significance. The otolith nucleus 
width data from the samples of known summer and winter steelhead were 
used to create a linear discriminant function. This function was then 
used to classify each fish in the unknown samples as a summer-run or a 
winter-run fish. The results were adjusted using Cook's (1982) matrix 
correction procedure, and 90% confidence intervals were calculated for 
the racial proportion estimates (Pella and Robertson 1979). No attempts 
were made to weight the known-race samples to account for differences in 
abundance of the individual populations. Once classified, the high seas 
samples were grouped by ocean age and area of capture to estimate the 
racial composition of steelhead in the times and areas sampled in 1983 
and 1984. 

RESULTS 

Formation of the Metamorphic Check 

Generally, three prominent checks were observed in otoliths of 
developing alevins from the five known-race populations (Figure 3). The 
first check was formed at or near hatching when the width of the otolith 
ranged between 0.15 and 0.17 mm. 

A second prominent check, the metamorphic check, was formed when 
the otolith diameter was between 0.236 mm and 0.452 mm. An examination 
of otolith widths with respect to time (days after hatching) in the 
period between hatching and complete yolk absorption revealed that this 
check was formed at or near button-up when yolk reserves were nearly 
exhausted and the alevin began exogenous feeding (Table 2). By day 28 
virtually all alevins were buttoned-up and had begun taking food. These 
fish still had yolk in their body cavities, however, and the yolk was 
not completely absorbed in most fish until day 35. 

A third check, the ponding check, was found in otoliths of juve
nile and adult steelhead, but not in alevins. This check was formed 
when the diameter of the otolith was between 0.393 mm and 0.472 mm, and 
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may correspond to a stage of development where the fry were moved from 
rearing troughs and combined in larger raceways or ponds (Roy Rathvon, 
Cowlitz Hatchery, personal communication 1985). The new environment, 
with different water temperatures, flows, feeding regime, and possibly 
photoperiod, was enough to stress the fish and cause this "ponding" 
check to form (Marshall and Parker 1982, Neilson and Geen 1982, 1985). 

Run Timing and Spawning Period 

Overall, the upstream spawning migration and spawning periods of 
the populations examined in this study compared favorably with the es
tablished life history definitions of these two races. Summer steelhead 
returned earlier and remained longer in freshwater before spawning than 
winter steelhead (Table 3, Appendix Table Al). Duration of the spawning 
period for summer and winter fish was similar (2.2 - 2.6 months). In 
many winter populations, spawning began less than one month after river 
entry, whereas none of the summer populations in this study exhibited 
this trait. 

Analysis of Knowns 

Otolith Measurements 

For all known-stock samples combined, the mean width of the 
otolith nucleus in summer steelhead (.314 mm) was significantly smaller 
(P<.001) than in winter steelhead (.359 mm) (Table 4). Despite this 
difference, there was substantial overlap in the measurements between 
the two races (Figure 4). Among stocks, the range of means for summer 
fish was .280 mm (Umpqua) to .360 mm (Robertson Cr.), and for winter 
fish was .322 mm (Green, Eagle Cr.) to .397 mm (Puntledge). Sample 
sizes varied among populations from a low of 9 fish (Oyster) to a high 
of 44 fish (Wallowa). 

Discriminant Analysis 

Results of the discriminant analysis reclassification procedure 
varied within and among samples. The percent correct reclassification 
for each population is listed in Table 4. The correct reclassification 
rate for the entire sample was 76.9%. Summer steelhead were correctly 
identified in 83% of the cases, and 73.0% of the known winter steelhead 
were correctly classified. In several of the summer populations, 100% 
of the fish were correctly identified (Clearwater, Skykomish, Tsitika, 
Washougal), and the lowest values were between 29% (Stamp) and 69% 
(Rogue). Many (65%) of the summer samples were over 90% correctly 
classified, whereas only 21% of the winter populations were above 90%. 
Only 23-25% of the fish in the Eagle Cr. and Cowlitz R. winter 
populations were assigned to the correct race. 
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Information from Coded-Wire Tags 

Coded-wire tags were recovered from 34 steelhead caught in the 
North Pacific Ocean in 1983 and 1984 (Dahlberg and Fowler 1985). Based 
on the measured width of their otolith nuclei, fourteen of the tagged 
fish were classified as summer steelhead and ten were classified as 
winter steelhead. Otoliths were not available from the remaining ten 
fish. 

Tag information revealed that only six of the steelhead were 
actually from summer populations, and eighteen were winter-run fish 
(Table 5). Thus the racial identity of 58% of the tagged fish was 
correctly identified by the otolith technique. This result was lower 
than the overall 77% success rate estimated by the discriminant 
function. Nearly all of the ten misclassifications were winter fish 
identified as summer-run fish. 

High Seas Samples 

Of the 1,116 sets of otoliths taken from ocean-caught steelhead, 
108 (9.7%) were unreadable and were excluded from the analysis. Another 
157 fish were excluded because ages could not be assigned. The measured 
nucleus widths of the remaining 851 otoliths were used to identify the 
race of each individual fish via the discriminant function. Sixty-one 
percent of the fish were classified as summer-run and 39% were classi
fied as winter-run steelhead (the 90% confidence intervals were± 6%) 
(Table 6). The numerical superiority of summer steelhead was apparent 
in each year, age category, and sex. 

Ocean Distribution and Relative Abundance 

The distribution of summer and winter steelhead in the west
central North Pacific in May through July and in the Gulf of 11aska in 
July is shown in Figures 5 to 7 for ocean age groups .1 to .3 (years 
and sexes combined). The estimated racial composition(± 90% confidence 
intervals) of the samples grouped by 5° longitude X 10° latitude areas 
are listed in Table 6. Overall, summer steelhead were the most abundant 
race present in the samples, and there were no dramatic shifts in 
relative abundance of either race as the season progressed. 

In May (Figure 5), research vessels operated in waters between 
165°E and 165°W (42°N to 52°N). Of the total sample of 146 fish for 
this month, 66% (± 12%) were classified as summer fish. Relatively few 
steelhead were caught in their second year at sea (age .1), and most of 
these were classified as summer fish. 

2 
Ocean age .4 fish excluded due to small sample sizes. 
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Ocean age .2 fish were more widespread in occurrence, and again 
were predominantly summer steelhead. The lowest relative abundance of 
age .2 summer steelhead was 42% at the eastern and western extremes of 
the fishing area. 

Steelhead in their fourth summer of ocean growth (age .3) were 
caught between 175°E and 165°W, and with the exception of one area, 
these were 100% summer fish (sample si~es were small in these areas). 
Between 175°E and 180°, two of the three age .3 fish were classified as 
winter steelhead. 

In June (Figure 6), the overall abundance of summer steelhead was 
higher than in May. Of the 91 fish sampled, 81% (90% C.I. = ± 15%) were 
classified as summer fish. Age .1 fish were taken in all but one area 
(170°E to 175°E). Fish of this age group were all summer steelhead 
except in waters between 175°E and 180° where winter steelhead accounted 
for 24% of the sample. The overall relative abundance of age .2 summer 
steelhead was slightly higher than in the May samples, and the fish in 
this age group were distributed throughout the sampling area. The three 
age .3 steelhead encountered in June were caught between 180° and 175°W, 
and two of these fish were classified as summer fish. 

During July (Figure 7), 56% (90% C.I. = ± 8%) of the 400 fish 
sampled from the west-central North Pacific were classified as summer 
fish. In the area 170°E - 175°E and 42°N - 52°N, which includes areas 
fished by the motherships, the total sample of age .1 fish was comprised 
of 64% summer steelhead, but in age groups .2 and .3, summer fish were 
less abundant than winter fish (48% and 42% summer fish in each age 
group, respectively). 

In addition to fishing in waters of the west-central North Pacific 
in July, research vessels extended their operations into the Gulf of 
Alaska between 160°W and 140°W. Although shown to encompass 10° of 
latitude, actual fishing was conducted between 52°N and 54°N, except in 
the area between 155°W and 150°W (see Figure 2). In the Gulf of Alaska 
a total of 214 fish were sampled, and 64% (90% C.I. = ± 10%) were 
classified as summer steelhead. The relative abundance of summer and 
winter fish in each age category and area was similar to the results for 
the central North Pacific samples in May, June, and July. 

DISCUSSION 

Results of the alevin development portion of the study confirm 
that a check is formed in steelhead otoliths at or near the stage of 
development when the fish begin exogenous feeding. When compared among 
stocks of known racial origins, the diameter of the otolith nucleus as 
defined by the metamorphic check was found to be significantly smaller 
(on average) for summer steelhead. This was the same general result 
achieved by McKern et al. (1974) and Winter (1983), but the variability 
in the data of this study was much higher than in theirs. 
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This variability limits the applicability of this single character 
as a racial discriminator for all populations of summer and winter 
steelhead along the Pacific coast of North America, and thus limits its 
usefulness as a stock separation tool for use with ocean-caught steel
head. A critical assumption used in this study was that the width of 
the otolith nucleus is a race-specific, genetically determined charac
teristic that can be used to distinguish summer and winter steelhead 
from throughout their range. The nucleus was presumed to be related to 
egg size, fecundity, and possibly female length in the following manner 
(McKern et al. 1974, Neave 1948, Rounsefell 1957): 

-larger eggs 
Larger fish produce: -higher fecundity 

-or both 

-smaller eggs 
Smaller fish produce: -lower fecundity 

-or both 
where, for fish of a given size, 

Higher fecundity ==? smaller eggs ====:> smaller otolith nuclei. 

Several authors have investigated the relationships between egg 
size, fecundity, and female length for Salmo gairdneri. Bulkley (1967) 
measured egg size (volume, cc) of winter steelhead from the Alsea River, 
Oregon. He found egg size to be strongly correlated with both body size 
(r = .89) and fecundity (r = .89). Galkina (1970) reported that 30% of 
the variability in egg weight for rainbow trout was explained by female 
fork length. Neilson et al. (1985) found a significant positive rela
tionship between egg size (mean egg dry wt) and female fork length (r2 = 
.54, P<.001) for rainbow trout from British Columbia (both steelhead and 
non-anadromous rainbow trout). Neilson et al. (1985) also found no sig
nificant relationship between the dimensions of otoliths of steelhead 
embryos and either egg size or fecundity. At present, the factors 
(genetic or environmental) affecting the observed differences in nucleus 
widths for fish of each race are not fully known. Ongoing research at 
FRI is addressing this topic. 

If the classification results from the discriminant analysis were 
accurate, then in the areas of the North Pacific Ocean represented by my 
samples, there were no substantial differences in distribution and rela
tive abundance of summer and winter steelhead in the summer of 1983 and 
1984. These results were somewhat unexpected, because if summer and 
winter steelhead migrate to the same offshore areas to feed and grow, 
then in order for summer fish to return to spawning streams seven to ten 
months sooner than winter fish (Table 3, Appendix Table Al), it is rea
sonable to assume that they leave feeding grounds earlier in the season 
than winter fish. Moreover, these race-specific migratory patterns 
might appear as differences in the seasonal distribution and abundance 
of maturing fish of the two races. 
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Unfortunately, it is unlikely that the samples were composed 
solely of maturing fish, and so any changes in the abundance of summer 
steelhead were probably obscured to some degree by the presence of 
immature fish. Unlike Pacific salmon, the sexual maturity of steelhead 
caught in summer on the high seas is difficult to determine with any 
certainty (Okazaki 1984). In addition, the ocean age of most fish in 
the samples was within the range of ages expected for mature steelhead 
(adult spawners) (Ayerst 1979, Bali 1959, Shapovalov and Taft 1954, 
Sheppard 1972). Okazaki (1984) found strong concentrations of immature 
inland (summer) steelhead in the central North Pacific Ocean in August, 
and to a lesser degree, in June and July. If present in my samples, 
immature summer steelhead could have concealed differences in 
distribution and abundance among maturing sunnner and winter steelhead 
caused by the departure of maturing summer steelhead from the main body 
of migrating fish. 

The lack of observable changes in concentrations of summer and 
winter steelhead over the summer may also have been due to limited 
sampling areas and times. Many of the summer steelhead destined to 
arrive at coastal streams in early or middle summer may have departed 
the fishing areas prior to sampling. 

If indeed the migratory patterns of summer and winter steelhead 
were not substantially different, or if immature summer fish were 
abundant in the sampled areas, then the high relative abundance of 
summer steelhead is still difficult to account for on the basis of the 
estimated abundance of summer-run populations in stream systems along 
the Pacific coast of North America. Approximately one-third to one-half 
of the steelhead smolts released annually from hatcheries along the 
coast are from summer-run steelhead (Wahle and Smith 1979), and the 
overall proportion of each race among wild stocks is probably similar 
(Ayerst 1979, Bali 1959, Boydstun 1977, Howell et al. 1985, Van Hulle 
1985). 

On the other hand, results of work by Okazaki (1985) indirectly 
suggest it is reasonable for high concentrations of summer steelhead to 
be present in some areas, especially in the central North Pacific. He 
used a combination of gonad weights and gene frequencies to describe the 
abundance of immature and maturing Kamchatkan trout and inland and 
coastal steelhead in the North Pacific. His results suggest that the 
majority of fish in the central and western North Pacific in summer are 
Asian steelhead and inland forms of North American steelhead. Inland 
steelhead populations are entirely comprised of sunnner-run fish (Howell 
et al. 1985), and most stocks of Kamchatkan trout are probably summer
run (fall-run) fish as well (Maksimov 1976). Thus, a predominance of 
Asian and inland fish in the samples might account for the observed high 
relative abundance of summer fish. 

The above discussion was based on acceptance of the discriminant 
analysis results. Erroneous classifications may have been the ultimate 
cause of the unexpected distribution and abundance results. Classifi
cation accuracies were generally much better for known sunnner steelhead 



10 

than for known winter steelhead (i.e. more winter fish were misclassi
fied as summer fish than vice-versa; see Tables 4 and 5). This bias 
toward summer steelhead may have resulted in incorrect estimates of the 
racial proportions of fish in the high seas samples. Sample sizes were 
also extremely low in many of the time-area groupings, which undoubtedly 
affected the validity of the adjusted proportion estimates and associat
ed confidence intervals (Cook 1982, Pella and Robertson 1979). 

The variability in otolith nucleus widths within and between 
stocks was much higher than reported by McKern et al. (1974). They 
found low variability among otolith measurements within each race of 
steelhead for both hatchery and wild fish. Results of this study showed 
much variability both among and between stocks of hatchery fish (Table 
4). Conceivably, otolith measurements among stocks of wild fish are 
even more variable than hatchery populations. Rearing temperature is' 
known to affect the efficiency of yolk utilization in salmonids (Heming 
1982, Rombough 1985), and since the yolk provides the energy used in the 
formation of the otolith nucleus, otolith nuclei of hatchery and wild 
fish from the same populations might be drastically different if rearing 
temperatures were different. This variability in otolitn measurements 
limits the extent to which inferences made from otolith measurements of 
the 44 populations in this study can be applied to the high seas popu
lation(s) that were composed of a large number of stocks from a wide 
geographical area. 
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Figure 1. Source of o tolith samples for known s ummer and winter races 
of st ee lhead trout from the Pac ific coast of North America . 
Numbers r e fer t o rivers listed in Table 1. 
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Figure 3. A. Phot og raph of the po lished lat e ral surface of the 
right sagittal otolith from a steelhead srnolt. 
B. Enlargement of the same o tolith showing detail in 
the area of the nucleus. Otolith terminology is adapted 
from Kirn (1963) . 
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Figure 5. Oceanic distribution, summarized by 10° latitude X 5° longitude areas and by ocean 
age group, of summer and winter steelhead caught in May by Japanese salmon research 
vessels in 1983 and 1984, and by Japanese commercial salmon motherships in 1984. 
The black portion of each pie represents the percentage of summer steelhead of a 
given age taken in each area. Numbers represent sample sizes in each age group/area 
combination. 
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Figure 6. Oceanic distribution, summarized by 10° latitude X 5° longitude areas and by ocean 
age group, of summer and winter steelhead caught in June by Japanese salmon research 
vessels in 1983 and 1984, and by Japanese commercial salmon motherships in 1984. 
The black portion of each pie represents the percentage of summer steelhead of a 
given age taken in each area. Numbers represent sample sizes in each age group/area 
combination. 
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Table 1. Source of otolith samples for known suITu~er and winter races 
of steelhead trout from the Pacific coast of North America 
(see Figure l for locations). 

R11er River 
n Jmber name 

1 1~nchor 
2 Klawock 
3 Tsitika 
4 Salmon 
5 Campbell 
6 Quinsam 
7 Oyster 
8 Punt ledge 
9 Big Qualicum 

10 Little Qualicum 
11 Englishman 
12 Robertson Creek 
13 Stamp 
14 Nanaimo 
15 Cowichan 
16 Nooksack 
17 Skykomish 
18 Upper Columbia 
19 Univ. Washington 
20 Green 

21 Chambers Creek 
22 Sol Due 
23 Bogachiel 

24 Wynoochee 
25 Cowlitz 

26 Elochoman 
27 Clearwater 
28 Wallowa 

29 Big Creek 
30 Washougal 
31 Eagle Creek 

32 Cedar Creek 
33 Siletz 
34 Al sea 
35 Deschutes 
36 Santi am 
37 Umpqua 
38 Rogue 
39 Klamath 
40 Trinity 
41 Mad 
42 Eel 

Region Rae~ 

Alaska S 
Alaska W 
British Columbia S 
British Columbia W 
British Columbia W 
British Columbia W 
British Columbia W 
British Columbia S,W 
British Columbia W 
British Columbia W 
British Columbia W 
British Columbia S,W 
British Columbia S 
British Columbia W 
British Columbia W 
Washington W 
Washington S 
Washington S 
Washington W 
Washington W 

Washington W 
Washington S 
Washington W 

Washington W 
Washington S,W 

Washington W 
Idaho S 
Oregon S 

Oregon W 
Washington S 
Oregon W 

Oregon 1~ 
Oregon S 
Oregon W 
Oregon S 
Oregon S 
Oregon S 
Oregon S,W 
California W 
California W 
California W 
California S 

St GC~ 

origins 

Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Washougal River 
Native 
Chambers Creek 
Native and 
Chambers Creek 
Native 
Washougal River 
Chambers Creek 
and Native 
Native 
Native and 
Chambers Creek 
Native 
Native 
Native and Snake 
River 'A' run 
Native 
Native 
Native and 
Big Creek 
Native 
Native 
Native 
Native 
Washougal River 
Native 
Native 
Eel and Native 
Eel and Native 
Native 
Washougal River 
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Table 2. Mean otolith widths for 1985 broods of summer (Clearwater. 
Tsitika) and winter (Nanaimo, Englishman, Big Qualicum) 
steelhead populations in the period between hatching and 
complete yolk absorption. Data shown are means! standard 
deviations. 

Days 
post-

hatching Source 1•2 

0 
(Hatch) 

14 

21 

28 

35 

42 

Clearwater R. (CLR) 
Tsitika R. (TSI) 
Nanaimo R. (NAN) 
Englishman R. (ENG) 
Big Oualicum R. (BO) 

CLR 
TS! 
NAN 
ENG 
BO 

CLR 
TS! 
NAN 
ENG 
BO 

CLR 
TS! 
NAN 
ENG 
BO 

CLR 
TS! 
NAN 
ENG 
BO 

CLR 
TS! 
NAN 
ENG 
BO 

CLR 
TSI 
~o~N 
E ',G 
BO 

Dtolith 
width 
(mm) 

.157±.004 

.168±.022 

.165±.009 

.157±.000 

.167!:.0ll 

.202±.019 

.227!:.022 

.221±.010 

.208±.000 

.218±.015 

.261±.019 

.278±.022 

.280±.013 

.254±.012 

.280±.016 

.296±.025 

.312:!: .013 

.315±.000 

.300±.010 

.352±.007 

.343±.021 

.363±.010 

.352±.020 

.346±.000 

.394±.012 

.364±.012 

.392±.017 

.401±.005 

.392±.014 

.431± .031 

.425±.023 

.440±.005 

.438±.020 

No. o 
alevins 
sampled 

16 
8 
4 
4 
8 

16 
8 
4 
4 
8 

16 
8 
4 
4 
8 

12 
8 
4 
4 
8 

12 
8 
4 
4 
8 

8 
8 
4 
4 
8 

8 
4 
3 

Comments 3 

Nearing BU, FP 
Nearing BU 
Nearing BU 

Nearing BU, FP 

Bu, YP, FP 
Bu, YP, FP 
Bu, YP, FP 
Nearing BU, FP 
Bu, YP, FP 

CY A, FP 
CYA, FP 
CYA, FP 
BU, YP, FP 
CYA, FP 

CYA 

1Median rearing temperature (.C) between hatching and button-up: 
Clearwater, 11.7 (constant); Tsitika, Nanaimo and Englishman, 10.0; Big 

2oualicum, 10.8. 
Number of females contributing to egg lots sampled: Clearwater 4, 

3Tsitika 3, Nanaimo 1, Englishman 3, Big Qualicum 2. 
BU= Button up (exogenous yolk absorption), YP = yolk still present in 
body cavity, FP = food present in gut, CYA = complete yolk absorption. 
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Table 3. Time of return to spawning streams and length of spawning 
period for populations of summer and winter steelhead 
from the Pacific coast of North America (see Figure 1 for 
locations). 

RIVER 

Number Name 

SUMMER-RUN 

Anchor 

3 Tsitlka 

8 Puntledge 

12 Robertson Creek 

13 Stamp 

17 Skykomish 

18 Upper Columbia 

22 Soi Due 

25 Cowlitz 

27 Clearwater 

28 Wallowa 

30 Washougal 

33 SIietz 

35 Deschutes 

36 Santlam 

37 Umpqua 

38 Rogue 

42 Eel 

WINTER-RUN 

2 Klawock 

4 Salmon 

5 Campbell 

6 Qulnsam 

7 Oyster 

8 Puntledge 

9 Big Quallcum 

10 Little Quallcum 

11 Englishman 

12 Robertson Creek 

14 Nanalmo 

15 Cowlchan 

16 Nooksack 

19 Univ. of Washington 

20 Green 

21 Chambers Creek 

23 Bogachlel 

24 Wynoochee 

25 Cowlitz 

26 Elochoman 

29 Big Creek 

31 Eagle Creek 

32 Cedar Creek 

34 Alsea 

38 Rogue 

39 Klamath 

40 Trinity 

41 Mad 

MONTH 

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 

0 

A 

A 

0 
0 

0 
0 

0 
0 

0 

0 
··•·o· 
CF 
er 

0 
0 

:- .. -4. :·t:f(:. 
4; €) 

" 0 
A ® ,· 

-0 
___ ..... c,.___ ..... -o . 

A@ 

A. 

A Ei;f 
A . 6 

0 

0 

/.:: 01\i.•:•.••:••··•· •:. ·.· 

•·,·.·•.•.···•·················•·t~f ... ·.·•··· 

TIME OF RETURN TO FRESHWATER -----. PEAK OF RUN ( ti.) 

SPAWNING PERIOD SPAWNING PEAK (0) 
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Table 4. Mean otolith nucleus widths and sample sizes for popula
tions of known summer and winter steelhead. Also shown 
is the percent of each sample correctly reclassified to 
known rJce by a linear discriminant function based on 
otolith nucleus widths. 

River 
number River name 

Summer steelhead 

1 
3 
8 

12 
13 
17 
18 
22 
25 
27 
28 
30 
33 
35 
36 
37 
38 
42 

Anchor 
Tsitika 
Punt ledge 
Robertson Creek 
Stamp 
Skykomish 
Upper Columbia 
Sol Due 
Cowlitz 
Clearwater 
Wallowa 
Washougal 
Siletz 
Deschutes 
Santiam 
Umpqua 
Rogue 
Eel 

Summers combined 

Winter steelhead 

2 
4 
5 
6 
7 
8 
9 

10 
11 
12 
14 
15 
16 
19 
20 
21 
23 
24 
25 
26 
29 
31 
32 
34 
38 
39 
40 
41 

Klawock 
Salmon 
Campbell 
Quinsam 
0)ster 
Punt ledge 
Big Qual icum 
L. Qua 1 icum 
Eng 1 i shman 
Robertson Creek 
Nanaimo 
Cowichan 
Nooksak 
Univ. Washington 
Green 
Chambers Creek 
Bogach i e 1 
Wynooc ,~ee 
Cowlitz 
E 1 oc homan 
Btg Creek 
Eagle Creek 
Cedar Creek 
Al sea 
Rogue 
Klamath 
Trinity 
Mad 

Winters combined 

Sample 
size 

34 
37 
10 
32 
34 
25 
37 
17 
36 
37 
44 
30 
35 
34 
29 
30 
36 
31 

567 

37 
27 
21 
26 
9 

11 
37 
23 
30 
25 
29 
22 
14 
30 
30 
29 
16 
16 
32 
35 
26 
40 
34 
29 
35 
30 
22 
27 

742 

Hean o to 1 t 
nucleus width 

(mm ± S.D.) 

.348 ± .015 

.308 ± .019 

.334 :t .032 

.360 :t .032 

.359 :t .039 

.296 :t .016 

.296 :t .023 

.303 :t .022 

.313 :t .021 

.299 :t .022 

.306 :t .025 

.289 :t .019 

.304 :t .026 

.325 :t .022 

.301 :t .021 

.280 :t .016 

.336:t .016 

. 300 t .032 

.314 :t .032 

.366 ± .019 

.363 t .039 

.386 t .029 

. 377 t .031 

.371 ± .027 

.397 ± .045 

.371 ± .027 

. 369 t . 033 

.382- :t .027 

. 362 t .018 

.365 t .031 

.376 t .031 

.351 t .021 

.358 t .019 

.322 t .034 

. 360 ± • 037 
. 356 ± • 038 
.359 :t .036 
.330 :t .024 
.351 :1: .027 
.347 :t .015 
.322 ± .024 
.357 :1: .022 
.342 :t .022 
.392 :1: .016 
. 367 t • 023 
.349 :t .022 
. 354 :t .030 

.359 :t .032 

Percent correct 
reclassification 

32 
100 

50 
32 
29 

100 
97 
94 
89 

100 
98 

100 
94 
85 
97 
97 
69 
94 

83 

89 
74 
95 
88 
89 

100 
92 
79 
93 
92 
83 
82 
71 
87 
37 
76 
69 
63 
25 
71 
69 
23 
85 
45 

100 
87 
55 
67 

73 
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Table 5. Racial origins of coded-wire tagged steelhead 
captured in the North Pacific Ocean in 1983 and 
1984. 

--------__ ...... ----------Race 
Year Region Source 

Predicted1 Known 

1983 Idaho Clearwater R. summer summer 
Oregon-
Washington Columbia R. summer summer 

1984 Alaska Crystal Cr, winter summer 
British Campbell R, winter summer 
Columbia Chilliwack winter summer 

Hatchery winter summer 
II II winter winter 
II II winter winter 
II Englishman R . winter winter .. Punt ledge R. summer summer 
II II winter winter 
II Quinsam R. winter summer 
II Robertson Cr. summer winter 
II Somass R. winter winter 
II II winter winter 
II II winter summer 

Washington Aberdeen Hatch. winter summer 
Bear Spgs. Hatch. winter winter 
Cowlitz R. winter winter 

II winter summer 
Stillaguamish R. winter summer 
Quinalt Lk. Hatch. winter winter 
Columbia R. summer summer 

Idaho Dworshak Hatch. summer summer 

----Total summer 6 14 
winter 18 10 

1Determined from the width of the otolith at yolk absorption. 
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Table 6. Estimated percentage of summer and winter steel head in 
samples co 11 ected in the North Pacific Ocean by fishing 
operations of Japanese salmon research vessels in 1983 and 
1984, and by ,Japanese salmon motherships in 1984. Data are 
sumr:iari zed by 50 longitude by 10° latitude areas, by month, 
and by ocean age. 

Ocean Area Sample Estimated Racial Comoosition 
Month age (·Long.) size Summer Wint er :t90% C. I. 

May .1 175 ·E-180. 11 .67 .33 :!: . 44 
.1 130•-175•w 2 1.00 0 :t. 05 
• 1 110· 1..i-155•w 1 0 1.00 :t. 05 
.2 165"E-170"E 4 .42 .58 :t. 75 
. 2 170.E-175.E 17 .58 .42 :t. 36 
. 2 175"E-180. 44 .75 .25 :t. 21 
. 2 130•-115•w 29 .70 .30 :t. 27 
. 2 175•w-11o·w 10 .78 .22 :t. 44 
. 2 170 •1..i-165 ·w 22 .42 .58 :t. 32 
. 3 175"E-180. 3 .12 .88 :t. 82 
. 3 130•-175•w 1 1.00 0 :t. 05 
• 3 175•w-11o·w 1 1.00 0 :t. 05 

Tota 1 146 .66 .34 :t .12 

June .1 165.E-170.E 3 1.00 0 :t. 05 
. 1 175"E-180. 16 . 76 .24 :t. 35 
. 1 130•-175•w 8 1.00 0 :t. 05 
. 2 165"E-170"E 7 .55 .45 :!: • 56 
. 2 170.E-175.E 4 .88 .12 :t. 65 
. 2 175 •E-180. 7 . 81 .19 :!: . 51 
. 2 1so•-175•w 43 .74 .26 :t. 22 
. 3 130•-175•w 3 .72 .28 :t .82 

Tota 1 91 .81 .19 :t .15 

July . 1 165.E-170.E 8 1.00 0 :t. 35 
. l 170.E-175.E 95 .64 .36 :t .15 
. l 130•-175•w 16 .88 .12 :t. 33 
. 1 15o•w-155•w 8 .19 .81 :!:,51 
. 1 155•1,1-15o·w 92 .82 .18 :t .15 
. 1 1so·w-14s•w 11 .50 .50 :t.45 
. l 14s•w-14o•w 4 .42 .58 :t. 75 
. 2 165.E-170.E 15 .60 .40 :t. 38 
. 2 170.E-175.E 237 .48 .52 :t. 10 
. 2 130•-175•w 6 . 72 .28 :t. 58 
. 2 15o•w-155•w 17 .26 . 7 4 :t. 36 
• 2 155•w-15o·w 39 .63 . 37 :t. 24 
.2 15o•w-145•w 8 .42 .58 :t. 53 

145 ·w-140• 1..i 14 .68 .32 :t. 39 
.3 165.E-170.E 2 1.00 0 :t .05 

) 
.a 170.E-175.E 18 .42 .58 :t. 35 
. 3 180'-175"\.I 3 1.00 0 :t. 05 
. 3 15o•w-155'W 7 .55 .45 :t. 56 
. 3 15s•w-1so·w 7 .55 .45 :!: • 56 
. 3 1so·w-145•w 5 .60 .40 :t. 66 
.3 145' 1..J-140'\,/ 4 . 4 2 • 5 8 :t. 7 5 

Total Central N. Pac.400 . 5 6 • 4 4 :t. 0 8 
Gu 1 f of Alaska214 . 6 4 . 3 6 :t. 10 

Total, 
a 11 samples 851 . 61 • 3 9 ±. 0 6 

-------
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Table Al. Duration of upstream spawning migration and length of spawn
ing period for populations of summer and winter steelhead 
from the Pacific coast of North America. Data are based on 
hatchery records and observations by field biologists, and 
represent the general situation for a particular population. 
Yearly patterns of return and spawning can differ greatly 
depending on precipitation, water temperatures, and other 
local environmental conditions. 

River 
number 

Summer 

1 
3 
8 

12 
13 
17 
18 
22 
25 
27 
28 
30 
33 
35 
36 
37 
38 
42 

Mean ± 
Min. 
Max. 

n 

Winter 

2 
4 
5 
6 
7 
8 
9 

10 

run 

S.D. 

run 

--------------
Run 

duration 
(m<;>nths) 

3.25 
4.0 
4.0 
5.0 
5.0 
5.0 
4.0 
3.75 
6.0 
1. 75 
2.5 
6.0 
6.0 
2.0 
6.0 
3.25 
5.50 
3.0 

4.22 ± 
1.75 

18 

5.25 
4.5 
4.5 
4.5 
4.5 
4.0 
4.5 
4.0 

1.41 

Spawning 
duration 
(months) 

1.5 
1.5 
2.75 
2.75 
2.75 
2.0 
2.0 
2.25 
2.0 
3.5 
2.0 
2.5 
1.75 
1.50 
2.0 
1.50 
3.50 
1.25 

2.17 ± 
1.25 
6.00 

18 

4.5 
2.75 
2.25 
2.25 
2.50 
1.75 
3.25 
3.0 

0.67 

Time between 
peak of 

run and peak 
of spawning 

(months) 

7.5 
8.5 
5.25 
6.25 
6.25 
7.25 
4.50 
8.0 
6.5 
7.25 
9.0 
6.5 

7.5 
7.5 
6.75 
4.0 
1.75 

6.48 ± 1.79 
1. 75 
3.50 9.00 

17 

2.25 
1.0 
2.0 
2.0 
0.75 
0.75 
1.0 
1.0 
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Table Al. Duration of upstream spawning migration and length of spawn
ing period for populations of summer and winter steelhead 
from the Pacific coast of North America. Data are based on 
hatchery records and observations by field biologists, and 
represent the general situation for a particular population. 
Yearly patterns of return and spawning can differ greatly 
depending on precipitation, water temperatures, and other 
local environmental conditions - cont'd. 

-----------------

River 
number 

Run 
duration 
(months) -----------

Winter run -

11 
12 
14 
15 
16 
19 
20 
21 
23 
24 
25 
26 
29 
31 
32 
34 
38 
39 
40 
41 

Mean± S.D. 
Min. 
Max. 

n 

cont'd. 

5.0 
4.0 
4.25 
5.25 
2.5 
1.5 
3.0 
3.0 
2.0 
3.0 
3.5 
4.25 
3.0 
3.0 
4.25 
5.0 
3.25 
7.0 
6.0 
3.0 

3.98 ± 1.20 
1.5 
7.0 

28 

Spawning 
duration 
(months) 

3.0 
2.5 
2.75 
3.25 
3.0 
1. 25 
2.25 
1.0 
4.0 
2.0 
2.75 
2.25 
1.0 
3.0 
3.0 
2.75 
2.75 
3.25 
2.25 
3.0 

Time between 
peak of 

run and peak 
of spawning 

(months) 

0.25 
2.50 
1. 25 
0.50 
2.25 
0 
0 
0 

. 7 5 
1. 25 
0.5 
0 
0.5 
0 
1.0 
0 
3.25 
0 
0 
1.0 

--------------
2.62± 0.78 

1.0 
4.5 

28 

0.92 ± 0.90 
0 
3.25 

28 
----------·---------


