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To investigate the dependence of coho salmon (Oncorhynchus kisutch) yield on stream-
flow and oceanic upwelling, I regressed catch by the Oregon commercial troll fishery from
1942 to 1962 against indices of offshore upwelling the previous spring and measurements of
streamflow from five Oregon coastal rivers during the freshwater rearing phase. A highly
significant positive relation was found between total streamflows during the freshwater
residency of the, fish for the five rivers combined and the weight of the annual catch of coho
salmon from 1942 to 1962. There was also a significant positive relation between total
combined annual (January—December) flows for these rivers and the catch 2 yr later. Con-
versely, I found no significant relation between the 60 consecutive days of lowest flow during
summer and catch 2 yr later. High flows during freshwater rearing probably provide more
habitat and better conditions for growth and survival. I also found a significant positive
relation between April through June upwelling at two stations and catch of coho salmon the
following year from 1947 to 1962. Fifty-six percent of the variation in catch from 1947 to
1962 was explained by the total flows during freshwater residency, 60 consecutive days of
lowest flow, plus combined April through June upwelling at both stations. It is suggested that
some stocks of coho salmon smolts may move southward or remain in local offshore waters
after they enter the ocean to take advantage of the production of invertebrates resulting from
upwelling. -
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Dans I'étude décrite ci-dessous de la dépendance du rendement en saumons coho
(Oncorhynchus kisutch) du débit des cours d’eau et de la remontée d’eaux profondes dans
’océan, nous avons calculé la régression des prises dans la péche commerciale aux lignes
trainantes de 1’Orégon entre 1942 et 1962 contre les indices des remontées d’caux profondes
au large le printemps précédent et le débit de cing riviéres cotieres de I’Orégon pendant la
phase en eau douce des saumons. Il y a corrélation fortement positive entre le débit total des
cours d’eau a ’époque ol les poissons résident dans les cing rivieres combinées et le poids
des prises annuelles de saumons coho entre 1942 et 1962. 11 y a ¢galement une corrélation
positive significative entre le débit annuel combiné total (janvier —décembre) de ces rivieres
et les prises 2 ans plus tard, Inversement, nous n’avons pas trouvé de relation significative
entre les 60 jours suivant 1'étiage estival et les prises 2 ans plus tard. De forts débits pendant
la phase de croissance en eau douce fournissent probablement un habitat plus étendu et de
meilleures conditions de croissance et de survie. Nous avons aussi trouvé une corrélation
positive significative entre la remontée d’eaux profondes d’avril a juin, a deux stations et les
prises I’année suivante, entre 1947 et 1962. Cinquante-six pour cent de la variation des prises
de 1947 a 1962 s’explique par le débit total pendant la phase de résidence en eau douce,
60 jours apres 1’étiage, plus la remontée d’eaux profondes combinés enfre avril et juin
inclusivermnent aux deux stations. If est possible que certains stocks de smolts de saumon coho
se déplacent vers le sud ou demeurent dans les eaux du large locales une fois descendus 4 la
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mer de fagon 2 tirer profit de la production d’invertébrés résultant de la remontée d’eaux

profondes.
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YEARLY abundance and yield of coho salmon {Oncorhynchus
kisutch) have historically fluctuated widely. Ability to predict
coho salmon abundance before the fishing season enables
fishermen to allocate time and money efficiently and allows
biologists to recommend harvest rates that will prevent over-
fishing of stocks.

Inasmuch as catches of coho salmon on neighboring rivers
tend to fluctuate together (McKernan et al. 1950; Tollefson
'1959), biologists have searched for widespread environmental
factors influencing abundance. One approach to predicting
abundance before the fishing season is to correlate environ-
mental variables with the catch of adult coho salmon by either
terminal fisheries or troll fisheries. Neave (1949) reported a
significant correlation between number of coho salmon
canght per 100 hours of sport fishing in Cowichan Bay,
British Columbia, and minimum summer streamflows 2 yr
earlier.> Smoker (1955) found the combined annual runoff
from 21 watersheds in western Washington to be highly cor-
related with total combined catch of coho salmon 2 yr later by
the commercial fisheries of Puget Sound, Willapa Bay, and
Gray’s Harbor. Smoker also obtained significant correlations
between summer flow, as well as lowest monthly flow, and
catch 2 yr later. He concluded that these flows merely
reflected annual flows. He was unable to show significant
correlations between streamflow and catch for most indi-
vidual rivers. The Washington Department of Fisheries now
estimates the number of wild coho salmon returning to Puget
Sound streams by using summer streamflows of western
Washington 2 yr before the catch (Zillges 1977).

It has been assumed that available rearing area during low
summer flows limits most coho salmon populations in
Washington. However, Wood (1977} found poor correlations
between low summer flows of western Washington coastal
streams and the size of the ensuing runs.

Little is known about how variable oceanic factors affect
survival of coho salmon from smoltification- to maturity.
Royal and Tully (1961) found that marine survival rates of
sockeye salmon (Oncorliynchus nerka) ranged from 4 to 18%.

Upwelling is one oceanic factor which may affect survival
of coho salmon. Upwelling occurs off Oregon primarily from
April to September, and results from northerly winds blowing
down the coast as they circulate clockwise around the large
high-pressure system over the Pacific Ocean (Smith et al.
'1966; Cushing 1971; Bakun 1973). During this time, cold,
nutrient-rich, high-salinity water (Lynn 1967) is transported
upward where nutrients support primary production. The
lower temperatures and increase in primary production lead to

3Most coho salmon are age 1.1 where number left and right of the
‘decimal indicate number of marine and freshwater annuli on their
scales, respectively. If coho salmon are canght as age 1.1 adults
in year x, they were fry in streams in year x-2 and yearlings in year
x-1. Their parents probably spawned from about November, x-3, to
Januwary, x-2.
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an increase in the standing crop of zooplankton (Murphy
1961) which is consumed by many species of commercially
important fish.

Upwelling affects the distribution and abundance of many
species of fish. Sardines {(Sardinops sagax) and anchovies
(Engraulis mordax) utilize upwelled water for spawning and
rearing (Ahlstrom 1966, 1967; Cushing 1971). Barton (1979)
presented data indicating that upwelling may have influenced
survival of Columbia River and Lembhi River spring chinook
salmon (Oncorhynchus tshawytscha). Gunsolus (1978) found
a positive relation between upwelling off Oregon and growth
and survival of coho salmon from 1960 to 1975.

For coho salmon, I postulated that if vpwelling affects
survival, it would exert this effect primarily on smolts, and
not on larger salmon, since Gunsolus® (1978) data indicate
that survival of Oregon’s hatchery-reared coho salmon during
their final year in the ocean is fairly constant.

Upon reaching the ocean, the smolts have adjusted physio-
logically and behaviorally and begin feeding on pelagic inver-
tebrates. Since coho salmon in Oregon emigrate from streams
in April (Skeesick 1970} and May (Willis 1962), I postulated
that spring and summer (April—September) was the critical
period for marine survival of coho salmon smolts.

My objectives were (1) to determine if a correlation existed
between coho salmon catch and annual streamflows, summer
streamflows, and total streamflows during the freshwater
rearing phase; (2) to determine if a correlation existed
between both April—June and June—September upwelling
and catch of coho salmon the following year; and (3) to relate
the combined effects of streamflows and upwelling to subse-
quent catch of adult salmon by the commercial troll fishery.

Materials and methods — Streamflow records summariz-

‘ing mean daily discharge for five coastal rivers — the Neha-

lem, Wilson, Siletz, Alsea, and Coquille — were obtained
from U.S. Geological Survey reports for Oregon (1939—70;
1971—73). These five rivers were selected for study for three
reasons: (1) data on daily streamflow were recorded on each
river since 1939; (2) records of catch of coho salmon by the
offshore fishery were recorded when corresponding data on
streamflow were recorded; and (3) the rivers historically have
supported substantial populations of coho salmon.

Low summer streamflows were measured as the sum of
mean daily flows for the 60 consecutive days of lowest flows
in each of the rivers. All other flows were expressed as sums
of combined unweighted monthly discharges for the five
rivers. All flows were expressed as m’-s~'. The period
1942—62 was chosen for analysis of catch and streamflow
relations because streamfiow data were unavailable before
1939 for two of the five rivers, and the period preceded the
years of large returns of hatchery fish to the Columbia River
(Korn 1977). '

Upwelling data from 42°N, 125°W, off southern Oregon,
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FiGg. 1. Total November (x-3) through May -1) {lows

(% 10°m*s™ ) for five coastal rivers combined versus weight
(kg % 10%) of coho salmon caught in year x by the Oregon commer-
cial troll fishery. Catch data extend from 1942 to 1962. Caich
(% 1073) = —894.5236 + 0.1256 (flow) (X 107%).

and from 45°N, 125°W, off northern Oregon, were obtained
from Bakun (1973). The indices are based on monthly means
of atmospheric pressure fields from which winds and resul-
tant upwelling were estimated. Upwelling is expressed as
kg's~1-100 m ' of coastline. Data were unavailable from
either station before 1946.

Yield was expressed as weight of the catch in kilograms
rather than as numbers of fish caught because numbers of fish
were not recorded before 1952, From 1952 to 1962, numbers
and weight were closely correlated (r = 0.98).

I performed simple and multiple lincar regression analyses
on catch, flow, and upwelling data using the Statistical Inter-
active Programming System (SIPS) of the CDC 3300 com-
puter at Oregon State University, Corvallis.

Results — A significant relation was found between total
November (x-3) through May (x-1) streamflows for the five
coastal rivers combined and weight of coho salmon caught by
the Oregon commercial troll fishery in year x from 1942 to
1962 (Fig. 1). This 19-mo period of streamflow, from
November to May 2 yr later, corresponds to the time from
entrance of adult salmon into coastal rivers to the seaward
migration of their progeny as smolts (Willis 1962; Moring and
Lantz 1975). There was also a highly significant relation
between total annual flow and catch 2 yr later (Fig. 2). The
60 consecutive days of lowest flow for the five rivers com-
bined correlated poorly with annual flows (- = 0.20;
P > 0.05) and with November (x-3) through May (x-1) flows
r = 0.13; P > 0.05). Though the relation between -annual
flows with catch 2 yr later was highly significant, the relation
~between the 60 consecutive days of lowest flow and catch 2
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Fig. 2. Total annual flows (X 10° m®-s™1) for five coastal rivers
combined versus weight (kg X 105) of coho salmon caught 2 yr later
by the Oregon commercial troll fishery. Catch data extend from 1942
to 1962. Catch (X 107%) = —176.4991 + 0.1395 (flow) (x 107%).

yr later was poor (r = 0.28; P > 0.05).

A significant relation was found between combined April
{x-1) through June (x-1) upwelling at both stations and catch
from 1947 to 1962 (Fig. 3). Similar significant relations were
also found between catch and upwelling at each station sepa-
rately (r = 0.57; P << 0.05 for 42°N, 125°W, r = (.54,
P <005 for 45°N, 125°W). Midsummer upwelling
(June—September) did not significantly relate to caich
(r = 0.34; P > 0.05).

Since total November (x-3) through May (x-1) flows and 60
consecutive days of lowest flow were poorly comrelated, 1
calculated a multiple regression of these flows and April (x-1)
through June (x-1) upwelling at both stations versus catch
from 1947 to 1962, Fifty-six percent of the variation in catch
was explained (Fig. 4). The multiple regression equation was:

Catch (x 107%) = —1853.0589 + 0.1499 )
x 107 (total flow) + 0.3823 (low flow)
+ 0.00109 (upwelling).

Sixty-four percent of the variation in catch was explained
when 1960, the year of lowest catch, was excluded from the
analysis.

Discussion — Althongh neither low summer flows nor
upwelling entered significantly in the multiple regression
analysis, both were included in the model. Low sumimer flows
and low upwelling may decrease abundance of coho salmon,
yet average summer flows and upwelling may not directly
relate to abundance. In any year, I believe any of the three
factors included in the model could limit abundance. Summer
flows and upwelling together explained an additional 15% of
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FIG. 3. Sum of total April through June upwelling indices at 42°N,

125°W, and 45°N, 125°W (X 10° kg's~ %100 m™! of coastline) off
of Oregon versus weight (kg X 10%) of coho salmon caught 1 yr later
by the Oregon cominercial troil fishery. Catch data extend from 1947
to 1962. Catch (X 107%) = 450.2993 + 0.00197 (upwelling).

the variation in catch after the total flow variable entered the

model, _ :
The relation between total annual flows and catch of coho

salmon 2 yr later is noteworthy, since Smoker (1955) found -

a similar relation between annual flows and catch of coho
salmon in western Washington from 1935 to 1954, an over-
lapping but not identical time span. Before large numbers of
smolts were released from hatcheries, -a quantity of stream-
flow in coastal rivers influenced abundance and subsequent
yield of coho salmon. _

For Oregon coastal rivers, summer streamflows were not
related to annval flows, although Smoker (1955) found a close
relation between them in Washington. This difference
between Oregon and Washington streams probably results
from a difference in timing of runoff. The watersheds
analyzed by Smoker were fed by melting snow and glaciers in
summer, and high precipitation in winter often led to high
streamflows the following surmer, whereas the five Oregon
rivers that I studied flow out of the Coast Range mountains,
which receive nearly all precipitation in winter as rain. In
these rivers, summer flows are mainly dependent on quantity
of precipitation in summer. :

High streamflows when adult spawners are entering rivers
may allow access to upper spawning areas and may result in
greater production of smolts in upper tributaries (Allen 1969).
Higher flows may also increase the area of spawning béds. Of
course, eggs spawned in gravel inundated by high flows may
die if flows drop before fry emerge.

CAN. J. FISH. AQUAT. SCI., VOL. 38, 1981

15% --- predicted

— observed

CATCH

48 850 52 54 56 58 60 62
YEAR

Frg. 4. Predicted and observed catch of coho salmon in kilograms
by the Oregon commercial troll fishery from 1947 to 1962.

Higher flows and resultant higher velocities can cause
individual Atlantic salmon to occupy smaller territories
(Kalleberg 1958). Consequently, higher flows during time of
emergence through the summer may lead to more space, more
cover, and, in tum, to a higher density of young salmon in
streams. The number of juveniles surviving low summer
flows may depend on their initial numbers. In years when
the number of fry is large before the period of low flow, more
fish may survive the low flows, although the individuals
may be smaller than in years of low numbers (L. S. Pearson,
K. R. Conover, and R. E. Sams, Oregon Fish Commission,
unpublished data).

From 1963 to 1972, the correlation between total annuat
flows and catch by the troll fishery was poor {r = 0.24;
P > 0.05), as expected. During this period, hatchery fish
were contributing significantly to the fishery, as indicated by
returns of salmon to the Columbia River hatcheries (Kom
1977). Since hatchery fish are not reared in streams, other
factors probably affect their return, e.g. oceanic factors,
diseases, or the ‘‘quality’’ of smolts released (expressed as
potential for growth and survival in the ocean).

Little is known about oceanic movements of coho salmon
smolts. Loeffel and Forster (1970} corroborated the hypo-
thesis of northward movement along the coast during
summer. However, if upwelling affects survival of coho sal-
mon, many smolts may move southward or remain nearby
along the coast to use the available food.

Study is needed on oceanic feeding of coho salmon during
their 1st year and the relation between food supply, upwell-
ing, and survival of smolts. Upwelling may increase produc-
tion of small invertebrates, and thereby increase growth and
survival of larval fishes and large invertebrates, which may
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also serve as food for smolts. A causal link must be estab-
lished between response of food organisms to upwelling and
response of salmon to food organisms.

At present, I can only speculate about why upweiling may
influence survival of year-classes of coho salmon. It seems
unlikely that smolts would die of starvation in years of little
upwelling. Perhaps in these years growth is reduced because
food is scarcer. Smaller, slower-growing smolts may remain
susceptible to predation longer than larger smolts. Larger,
faster-growing fish with a greater supply of food may resist
diseases better than poorly fed fish. Availability of abundant
food may be crucial for growth and survival following
the physiological adjustments coho salmon undergo during
smoltification.

Although catch may poorly indicate abundance of adult
fish, the troll fishery is the most reliable source of data on
abundance available for comparisons with flow. Since this
fishery gets the first opportunity to catch migrating coho sal-
mon and has been virtually unregulated since its inception
(Van Hyning 1951; Reed 1976), catch is probably more indi-
cative of actual abundance than data from individual rivers.

1 advise caution in using these findings predictively. Since
the mid-1960s hatchery fish have made up a substantial per-
centage of coho salmon caught offshore (Korn 1977). Scar-
necchia and Wagner (1980) estimated that ~73% of the coho
salmon caught offshore in 1977 were reared in hatcheries. The
unknown interaction between the wild and hatchery fish may
alter the relationships presented. Other oceanographic factors
may have changed since then. Present escapement of coho
salmon may be inadequate because of heavy fishing pressure
in recent years.
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