Residence Times, Distribution, and Production of
Juvenile Chum Salmon, Oncorhynchus keta, in Netarts
Bay, Oregon
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ABSTRACT: Juvenile chum salmon resided in
Netarts Bay, a small, shallow estuary at the south-
ern spawning range of chum salmon in the North-
east Pacific, from mid-March until June during
each of three years from 1984 to 1986. Early in the
spring they were most abundant in beach seine
catches during high tide in the upper bay, indicat-
ing extensive intertidal excursions. Later in the
spring, when temperatures exceeded 14°-16°C in the
upper bay, they were most common in catches at
low tide in the lower bay. Based on recaptures of
fin-clipped hatchery fish, the residence of juveniles
varied inversely with size of fish at release. Large
(6.5 g) fish immediately emigrated from the estuary
and 34 times as many returned as adult fish as 1.0
and 2.2 g juveniles, which had residence half-lives
of 5-16 days. Growth rates of juvenile chum salmon
during the 3 years were similar, but were low
(1.6-2.3% body weight/day) compared with other
studies. Production was also low. This may be
related to high metabolic costs at above optimal
temperatures and the large size of available prey in
Netarts Bay.

The period of early marine residence is thought
to be a critical stage in the life history of Pacific
salmon, affecting the survival of young and the
numbers of adults returning in subsequent years
(Parker 1968; Peterman 1978; Pearcy 1984). The
period of estuarine residence may be especially
important for chum salmon, Oncorhynchus keta,
(Healey 1982a; Simenstad and Wissmar 1984).
They enter estuaries at a small size and presum-
ably need to grow rapidly to avoid intense preda-
tion after they enter the ocean (Parker 1971;
Simenstad and Salo 1980; Healey 1982b; Simen-
stad and Wissmar 1984). The capacity of an
estuary to produce salmon may be limited, how-
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ever, and the availability of prey resources may
affect salmon emigration, growth, ability to
avoid predation, and thus survival (Reimers
1973 Bailey et al. 1975; Healey 1979, 1980a;
Sibert 1979; Simenstad and Salo 1980).

The hypothesis that the estuarine phase of
the early life history of chum salmon is critical
needs to be tested (Simenstad and Wissmar
1984; Levings 1984). If this phase is essential,
increased releases of hatchery fish from private
or public hatcheries may not be beneficial unless
release strategies minimize or circumvent den-
sity-dependent growth and survival in estu-
aries, e.g., by modifying size, time, or numbers
of fish released. Healey (1979, 1982a) concluded
that seaward migration was size dependent, and
Ioka (1978, unpubl. data) reported that large
(>8 g) juvenile chum salmon were capable of
migrating directly into offshore waters. This
suggests that estuarine rearing may not be
essential for chum salmon released from hatch-
eries at a large size.

To evaluate the capacity of estuaries to pro-
duce chum salmon, we studied their downstream
movement, distribution, abundance, residence
time, growth, and production in Netarts Bay,
OR. Netarts Bay is a small estuary along the
northern Oregon coast, near the southern distri-
bution of chum salmon along the coast of the
northeastern Pacific Ocean (Henry 1953).
Netarts Bay was selected for this study because
the Oregon State University chum salmon hatch-
ery (Lannan 1975, 1983) enabled experimental
releases of chum salmon at different times and
sizes, and because the residence times and
growth of chum salmon in a small estuary needed
to be compared with the results found in estu-
aries farther north.

Netarts Bay (Fig. 1), located along the north-
ern Oregon coast, has an area of only 10 km? at
mean high water (MHW). The bay is strongly
influenced by the ocean. Salinities generally ap-
proach ocean levels. The intertidal volume is
about 75% of the volume at MHW; 12% of the
Netarts Bay is subtidal (Glanzman et al. 1971;
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Ficure 1.—Netarts Bay with locations of high tide (open) and low tide (solid)
seine stations and the tow net stations (triangle).

Kreag 1979). The watershed area is small (about
36 km?), and its only tributaries are small
creeks. Whiskey Creek, the site of the Oregon
State University experimental hatchery for
rearing chum salmon (Lannan 1975), and Jack-
son Creek are the two largest streams that drain
into Netarts Bay and are the major spawning
habitats for chum salmon in Netarts Bay. Be-
sides cutthroat trout, only a few rainbow (steel-
head) trout and coho salmon were found in

Whiskey or Jackson Creek.
554

METHODS

The contribution of naturally spawned chum
fry to Netarts Bay and the timing of their out-
migration were estimated from samples of chum
salmon fry captured in a fyke net, located in
Whiskey Creek about 100 m from the bay at
MHW, from late March to early May 1984, and
from late February through late May 1985 and
1986. The net, which was used for 35, 51, and 53
days in 1984, 1985, and 1986, respectively, was
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constructed of 3.2 mm mesh with a 1.3 m wide
mouth opening and two 2.7 m wings. The net
was positioned across 95% of the width of the
stream except during periods of high stream
flow (Wilson and Pearcy 1985a). Catches were
monitored during day and night periods. The net
was removed from the stream on a few occasions
during daylight hours and periods of high stream
flow. The sampling error resulting from remov-
ing the net during daylight hours is assumed to
be minimal as <1% of the total number of chum
fry were caught in the fyke net during these
hours (Wilson and Pearcy 1985a). Outmigrating
juvenile chum salmon were also sampled in Jack-
son Creek with a 8.2 mm mesh bag net stretched
across this stream two nights per week between
19 March and 25 April 1986. Water depth, tem-
perature, cloud cover, and flow rates (1986 only)
were recorded from both Whiskey Creek and
Jackson Creek during sampling periods. Juven-
ile chum salmon in the catches were counted and
fork lengths (FL) were measured to the nearest
1 mm for all fish or for a subsample of 100 fish
per sampling period.

Fin-clipped (ventral and adipose) chum salmon
were released from the Whiskey Creek hatchery
to estimate residence time and growth of fish
entering the bay at different times and different
sizes. Data on the releases of marked and un-
marked fish are summarized in Table 1. Eggs
from adult chum salmon returning to Whiskey
Creek were reared at the hatchery and at the

Oregon Aqua-Foods, Inc. (OAF) hatchery in
Springfield, OR. OAF fish were returned to
raceways and acclimated at the Whiskey Creek
facility for 10-13 days before release into
Netarts Bay. These OAF fish were smaller at
release than fish reared at Whiskey Creek in
1984, but were larger than Whiskey Creek fish
in 1986 (Table 1). Differential mortality of fin-
clipped vs. unclipped fish was not evident for fish
held 34 days after marking in 1984 and 1985, or
for OAF fish marked 10-13 days before release
in 1986.

Two problems affected releases of juvenile
chum salmon from the Whiskey Creek facility.
Some marked fish escaped from the raceway and
were caught in the bay before their planned re-
lease on 16 April 1984. The second problem was a
bacterial disease that afflicted many fish reared
at the Whiskey Creek facility in April 1986.
About 4.4% of the fish died during marking oper-
ations, and 7.7% of the fish that survived mark-
ing died after being held in the raceway for 24
hours. Thus the numbers of fish released on
28-29 April 1986 are overestimates of the num-
bers of healthy fish actually entering the Netarts
Bay. The raceway was sterilized with formalin
after this release, and no apparent adverse ef-
fects were observed on the OAF fish transported
to the Whiskey Creek facility in May 1986.

Netarts Bay was sampled for juvenile chum
salmon from mid-March through late June 1984
and 1986 and from late February through early

TasLE 1.—Summary of releases of marked and unmarked juvenile chum salmon from the
Whiskey Creek hatchery in 1984, 1985, and 1986.

Total no. No.
released x FL X Wt marked %
Date x 1000 (mm) (9) Marks x 1,000 marked
1984
1 April 215.1-344.1 52 14 0
16 April 516.2—645.2 58 1.9 RV 24.0
16 April 46 10.75 Lv 2205
Total 731.3—-989.3 44.5 4.5-6.1
1985
19 April 155.6 56 1.8 RV 18.2
26 April 218.4 59 1.9 Lv 20.2
Total 374.0 384 103
1986
28-29 April 609.0 48 0.97 RYV 314.7
11 May 43.6 62 22 RV +A 221.4
11 May 92 6.5 LV +A 2222
Total 652.6 58.3 8.9

'Measured on 3 April 1984.
2Oregon Aqua-Foods Inc. fish reared offsite.
3Estimated no. released after mortality.
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July 1985. A 37 m long, tapered, floating beach
seine, set in a semicircle from the shoreline from
a 4.6 m boat with an 18 hp outboard motor, was
used for sampling. Sets encompassed about 100
m?. The seine had a maximum depth of 2.5 m in
the bunt and 0.7 m at the ends of the wings. The
wings were made of 2.5 cm (stretch) mesh and
the bag was made of 0.64 cm mesh. We sampled
11 high tide stations (1-11) and 10 low tide sta-
tions (12-21) in 198485 and 11 high tide stations
(1-11) and 8 low tide stations (12, 13, 14, 22-26)
in 1986 (F'ig. 1). (Specific beach seine stations are
described by Wilson and Pearcy (1985a) and
Chung and Pearcy (1986).) The numbers of beach
seine hauls made in 1984, 1985, and 1986 were
435, 333, and 388, respectively. Surface water
temperatures were measured to the nearest
0.1°C with a bucket thermometer, and surface
salinities were determined to the nearest 2%
with an American Optical Model 10419' refrac-
tometer after each set. Each station was sam-
pled several times each month during the field
seasons.

We used a Kvichak towed net?® witha 2.7 x 2.7
m mouth opening and a 8.2 m long body section
with mesh grading from 3.8 em to 0.3 cm and a
cod end of 0.3 ¢m mesh to sample juvenile chum
salmon in the main tidal channel during slack
tide at approximately 2 wk intervals from late
March through late June 1985. One nighttime
tow was made. Two boats were used to pull the
net along a 900 m long transect in the main chan-
nel of the lower bay (Fig. 1) at speeds of about
1-2 m/s.

Approximately 100 individual juvenile chum
salmon from each seine haul were checked for
fin clips. We assumed negligible regeneration of
clipped fins during the 3 mo sampling period. A
subsample of 5-50 juvenile chum salmon was
preserved in 10% formalin or 95% ethanol for
length measurements and stomach content anal-
ysis or age determination, respectively. The
remaining fish were released. Fork lengths of
all preserved fish were measured to the nearest
mm. These lengths were converted to fresh fish
lengths or weights from the regressions of indi-
vidual preseved lengths and weights on fresh
lengths and weights (Wilson and Pearcy 1985a,
b).

For data analysis, the 1984, 1985, and 1986
field seasons were divided into 21, 17, and 18

'Reference to trade names does not imply endorsement by
the National Marine Fisheries Service. NOAA.

2Research Nets, Inc., Bothell, WA.
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sampling periods, respectively, in which every
beach seine station was usually sampled at least
once. Stations were divided into the lower bay
(stations 14, 12-14, and 22) and upper bay (sta-
tions 5-11, 15-21, and 23-26) (Fig. 1). Sand sedi-
ments predominate in the lower bay, whereas
fine sands and silt, with high organic carbon, are
common in the extensive tidal flats of the upper
bay (Kreag 1979). Ninety-five percent confi-
dence intervals of the median number of fish
caught per set were calculated by the method
presented in Snedecor and Cochran (1980). Mean
lengths of fish from different regions of the bay
were compared using a t-test for unequal vari-
ances (Sokal and Rohlf 1981). Growth rates
among years were estimated from regressions of
the size of recaptured marked fish and com-
pared, using analysis of covariance (Snedecor
and Cochran 1980). Growth in weight was calcu-
lated from length-weight regressions.

The total numbers of juvenile chum salmon
remaining in the bay were estimated by a modi-
fied Peterson model (Healey 1980), where on
day t,

N, =YL m
R
where N, = total population,
C = total catch,
M = estimated number of marked fish
present in the bay, and
R = number of marked fish recap-

tured.
The estimated number of marked fish present,
M, was calculated assuming a constant loss rate
of marked fish with time:

M= Mo e"""

total number of marked fish re-
leased,

instantaneous rate of disappear-
ance of marked fish, and

days since release.

where M,

k

t

The actual number of marked fish recaptured
and the estimated number of marked fish from
each release group were pooled for each year and
used in a modified Peterson model to estimate
population numbers (N,). The instantaneous rate
of disappearance of marked fish was estimated
for each marked group by the slope of the re-
gression of time on catch per effort. This instan-
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taneous loss rate, k, also provided an estimate of
the residence time for each marked group in the
estuary. Solving Equation (2) for t when M/M, =
Y2 gave the residency half-life in days, the time
in which the number of fish had declined by
50%.

The estimated number of fish in the estuary
(V) was multiplied by the average weight of
marked fish to estimate the biomass of juvenile
chum salmon present during each sampling peri-
od. These biomass estimates were multiplied by
the number of days between sampling periods,
summed over the entire period that juvenile
chum salmon were present, and multiplied by an
average instantaneous growth rate in weight of
the marked groups to estimate net production
for each year.

RESULTS

Emigration from Fresh water

We estimated an outmigration of 11,900,
23,300, and 15,300 chum salmon fry from Whis-
key Creek in 1984, 1985, and 1986, respectively.
The early portion of the run was not sampled in
1984. These estimates of naturally reared chum
salmon fry equalled 1.4%, 6.2%, and 2.3% of the
total chum salmon releases from the Whiskey
Creek Hatchery in these years (Table 1). The
abundances and temporal changes in catches of
chum salmon were similar in Jackson and
Whiskey Creeks in 1986 (Fig. 2). Since nearly all
wild chum salmon spawned in Whiskey Creek or
Jackson Creek, we assumed that the production
of fry from naturally spawning chum salmon in
the tributaries of Netarts Bay was about twice
that of Whiskey Creek. The mean length of chum
salmon fry caught was 40 mm in each of the three
years in Whiskey Creek, and 41.0 mm in 1986 in
Jackson Creek. Large fry (>45 mm), which were
indicative of rearing in freshwater (Mason 1974),
were not caught.

Nearly all wild chum salmon fry outmigrated
into Netarts Bay by the end of April in all years
(Fig. 2). Peak numbers of fry were caught in
Whiskey Creek on 25 March 1984, 25 March
1985, 11 April 1985, and 8 April 1986. Numbers
of emigrating fish were poorly associated with
any measured physical variable. Peak catches of
chum fry were not correlated with stream tem-
peratures (Fig. 2), although the second outmi-
gration pulse in 1985 followed an abrupt increase
in water temperature. Increased outmigration
activity of fry was not associated with phases of

the lunar cycle as has been reported for other
salmonid fry (Reimers 1973; Mason 1975).
Stream flow estimated from stream heights ap-
peared positively correlated with peak numbers
of emigrating fry in 1984 when large numbers of
fish were sampled during or immediately after
three of four periods of high flow. The first peak
of outmigration in 1985 also occurred during high
stream flow; however, subsequent peaks in 1985
and 1986 occurred during periods of declining
flow.

Distribution-Abundance in Netarts Bay

Chum salmon were present in Netarts Bay for
about 2% months, from mid-March until early
June during each year (Fig. 3). The seasonal
abundances of juvenile chum salmon in Netarts
Bay were correlated with the emigration of wild
fish from streams and with releases of fish from
the Whiskey Creek Hatchery facility. Although
small peaks in beach seine catches during late
March 1984 and in early April 1986 coincided
with the peak of outmigration of wild fish from
Whiskey Creek, most of the naturally reared fry
migrated into the bay before the major peaks in
beach seine catches (Figs. 2, 3). The largest
peaks in beach seine catches occurred within a
few days after releases from the Whiskey Creek
Hatchery in all years.

Catches of juvenile chum salmon were greater
in the upper than the lower bay during March
and April in all years. Conversely, catches were
generally greater in the lower than the upper
bay during May and June (Fig. 4). These trends
indicate that juvenile chum salmon preferen-
tially inhabited the upper bay early in the spring
and then moved into the lower bay in late spring.
Movement into the lower bay late in spring was
correlated with the high water temperatures
that occurred in the upper bay during May of
each year.

Juvenile chum salmon appeared to avoid tem-
peratures exceeding 14°C. Although they oc-
curred at most temperatures observed in the
upper bay during March and April, they usually
inhabited waters of minimum temperatures dur-
ing May and June, when average water tempera-
tures exceeded 14°C (Fig. 5, left panel). The
occurrence of juvenile chum salmon predomi-
nantly in the upper bay in early spring coincided
with average upper bay temperatures of <15°C.
Movements to the lower bay (Fig. 4) coincided
with upper bay temperatures exceeding 16°C
(Fig. 5, right panel). The percentages of chum
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Ficure 2.—Outmigration of juvenile chum salmon, stream temperatures,
and stream height-velocity of Whiskey Creek (1984, 1985, 1986) and Jack-
son Creek (1986). Solid triangles indicate dates of hatchery releases.

salmon in the upper bay increased only once in
all three years when temperatures exceeded
16°C (Fig. 5, 1985).

Schools of chum salmon were sometimes ob-
served in shallow water and variability in the
catches of juvenile chum salmon per set was
high. The median number of chum caught per set
during a sampling date, all stations combined,
ranged from 0 to 280. A total of 90 pairs of beach
seine sets were made during the three years.
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The mean (* standard deviation) of the quotient
of the largest to smallest numbers of chum
caught in the 47 pairs of two sets (each set con-
taining fish) was 5.9 + 8.8. This indicates that
juvenile chum salmon were aggregated in
Netarts Bay.

Median catches of juvenile chum salmon dur-
ing high tide generally exceeded catches at low
tide in March and April, and catches at low tide
were greater than high tide during May and
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June of 1984 and 1985 (but not 1986) (F'ig. 6). The
large catches of juvenile chum salmon along the
margins of the bay at high tide, often over 500 m
from the low-tide channels in the upper bay,
show that they make extensive tidal excursions
over the tidal flats during daylight in early
spring and actively aggregate along the fringes
of the estuary in shallow water.

Juvenile chum were not concentrated in the
main channel of lower Netarts Bay between 25
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March and 20 June 1985 when tow net hauls
were made. Only 38 juvenile chum salmon were
caught in the 31 tows (about one fish per 2,000
m?). Catches in night tows on 22 May were not
different from day tows on 21 May (Mann-
Whitney U test, P > 0.1). Also, the average
lengths of chum salmon fish caught in day and
night tow net collections and in beach seine col-
lections on 22 May were not significantly differ-
ent ({-test, P > 0.1).
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Residence Times - Loss Rates

Population estimates based on the total catch
showed that the number of marks present, and
numbers of marked fish recaptured (Equation
(1)), rapidly declined during 1984 and 1986 (Fig.
3 dashed lines; Table 2). The trends shown by
mark and recapture estimates and by median
seine haul catches were similar in 1984 (Fig. 3).

Population estimates on 17 and 18 April 1984 and
3 and 4 May 1985 (1-2 days and 7-8 days after
release of all marked fish) were 30% and 57%
smaller than the actual numbers of fish released,
suggesting rapid decline in numbers soon after
release. In 1986, however, the initial population
estimate was 55% larger than the number of fish
released a week earlier. Marked fish released in
April 1986 probably experienced higher mortal-
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ity after release than unmarked fish as a result of
the added stress of marking and the debilitating
bacterial disease that afflicted this release
group. As a result of higher mortality of marked
fish, R was low and M was probably overesti-
mated, leading to overestimation of the popula-
tion (N,, Equation (1)).

Higher loss rates were found for small than for
large fish hatchery chum salmon in Netarts Bay
from the decline in the natural logarithm of catch
per effort of fin-clipped fish (Table 3). In 1986,
the residence half-life (the time for the catch
rates to decrease by one-half (Myers and Horton
1982)) was 7.4 days for fish released at 1.0 g, 4.9
days for fish released at 2.2 g and <2 days for
fish released at 6.5 g. None of the largest fish
was captured 2 days after release or during sub-
sequent sampling. Presumably these large fish
emigrated rapidly from the estuary. An anomaly
in the trend for loss rates to be positively cor-
related with size of juvenile chum salmon re-
leased arose for the 1.9 g right ventral (RV)
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clipped fish in 1984. Their residency half-life was
16 days, about the same as for 0.75 g fish re-
leased on the same day, and three times that of
1.9 g fish released in 1985 (Table 3). The signifi-
cantly higher (P < 0.01, analysis of covariance)
residency half-lives of fish released in 1984 than
in other years may have arisen because these
fish were released earlier in the spring. In other
years, early release groups also had longer half-
lives than later groups, but the slopes of the
catch vs. time were not significantly different (P
> 0.05).

Juvenile chum salmon actively maintained
themselves in the bay. Residency half-lives of
marked chum were 10-30 times longer than pre-
dicted from random loss with tidal flushing.
Assuming that the mean intertidal volume of
Netarts Bay is 75% of the total volume at MHW
(Glanzman et al. 1971; Kreag 1979) and does not
reenter the bay on subsequent tidal cycles, the
half-life of water in Netarts Bay is <0.5 day.

Growth

Instantaneous growth rates in weight of fin-
clipped chum salmon averaged 1.6-2.3% body
weight per day (Table 3). No differences (analy-
sis of covariance, P > 0.05) were found in growth
in weight among these groups released within or
among years. However, linear growth rates esti-
mated from changes in fork length over time
indicate that fish released at a smaller size grew
more rapidly in 1984 (0.48 mm/d for 46 mm fish
vs. 0.41 mnv/d for 52 mm fish) and in 1986 (0.53
mm/d for 48 mm fish vs. 0.33 mm/d for 62 mm
fish). Growth rates were similar for both 56 mm
vs. 59 mm fish in 1985. Slopes derived from
linear regression of mean individual lengths of
all fish during a sampling period vs. elapsed
time in days did not differ significantly (P >
0.05) from the rate of increase of lengths of
marked fish in 1984, 1985, or 1986. These slopes
were also similar among years. Increases in
mean length probably reflected growth. None of
the regressions of FL vs. time showed trends for
decreasing size late in the spring that would be
due to emigration of large individuals from the
bay.

Biomass-Production

The biomass of juvenile chum salmon in
Netarts Bay, estimated from population num-
bers (N,) and average weight of the marked
groups of fish during the week after release of
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TasLE 2.—Estimates of the mean weight and length, of the population numbers
based on marked fish, of the population biomass, and of the cumulative produc-
tion of juvenile chum salmon in Netarts Bay, 1984—86.

Estimate
Average Average number biomass
(9 (mm) x 1000 (M) (kg)
1984
17-18 April 1.6 56 610.5 977
19-20 April 1.6 56 468.0 772
23—24 April 1.9 59 429.6 816
26—27 April 1.8 58 176.6 323
2—-3 May 1.9 58 150.3 280
10-11 May 2.1 62 711 151
16—17 May 2.1 62 65.9 141
23-24 May 29 62 28.6 84
30-31 May 3.2 71 34.2 109
Cumulative biomass (45 d)(kg) 13,591
Instantaneous growth rate 0.02075
Total production (kg) 282
22-23 April 1.5 54 1733 253
3—4 May 1.8 58 161.1 284
7-8 May 1.8 58 114.7 207
15-17 May 22 63 58.3 130
21-22 May 1.9 60 46.0 89
Cumulative biomass (19 d)(kg) 6,169
Instantaneous growth rate 0.01675
Total production (kg) 103
1986

1 May 0.8 45 947.4 805
5 May 1.0 47 4445 449
8-9 May 1.1 49 392.6 440
13 May 1.4 53 240.0 331
15—-16 May 1.4 53 317.3 444
21-3 May 1.7 57 1711 294
28-29 May 1.9 60 63.4 122
7 June 2.6 65 30.6 78
12 June 2.6 66 5.3 14
Cumulative biomass (45 d)(kg) 11,154
Instantaneous growth rate 0.0211
Total production (kg) 235

TasLE 3.—Data on the releases into Whiskey Creek, and the residency half-lives

and growth rates of marked juvenile chum salmon in Netarts Bay, 1984—86.

Lengthat  Weight at Residency Growth
Release release release half-life rate
data (mm) (9) Mark (d) (% wt/d)
1984
16 April 46 0.75 Lv 14.94 227
16 April 58 1.9 RV 15.89 1.88
1985
19 April 56 1.8 RV 5.54 1.61
26 April 59 1.9 Lv 4.95 1.74
1986
28-29 April 48 0.97 RV 7.38 2.26
11 May 62 2.2 RV + A 4.92 1.96
11 May 92 6.5 WV+A <2.0




both groups of marked hatchery fish, were esti-
mated about 800-980 kg in 1984, 250-280 kg in
1985, and 450-800 kg in 1986 (Table 2). Increases
in the biomass, indicative of accumulation of bio-
mass from growth exceeding loss of biomass
from migration or mortality, were not apparent
in any year.

Total production or net growth of juvenile
chum salmon (a product of the cumulative bio-
mass over all days after the release of marked
fish times the instantaneous growth rate of
marked fish) measured 282 kg, 103 kg, and 235
kg in 1984, 1985, and 1986, respectively (Table
2). Total production is underestimated because
production before the release of marked fish is
not included. These production estimates are
only 32%, 38%, and 37% of the estimated aver-
age biomass of the first two collection periods
after releases in 1984, 1985, and 1986, respec-
tively.

DISCUSSION

Netarts Bay is an important nursery area for
juvenile chum salmon. Despite the small size and
high flushing rate of Netarts Bay, juvenile chum
salmon were captured during about a 2 mo dura-
tion in all three years. This is about the same
duration as reported for wild juvenile chum
salmon in Yaquina Bay, Oregon (Myers and Hor-
ton 1982), but is less than the three or more
months reported for Tillamook Bay, Oregon
(Henry 1953; Forsberg et al. 1977), Grays Har-
bor, Washington (Herrmann 1970), the Skagit
River salt marsh, Washington (Congelton et al.
1982), and the Nanaimo Estuary, British Colum-
bia (Healey 1979, 1982a). Juvenile chum salmon
were reported in Hood Canal from January
through July by Bax (1982). The mean residence
times (see Healey 1979 for equation) of marked
groups of hatchery-reared juvenile chum salmon
(0.75-2.2 g at release) ranged from 5 to 23 days
in Netarts Bay. These residence times are about
the same as those found by Healey (1979) in the
Nanaimo Estuary, but were more than the resi-
dence time of about 2 days in a small tidal chan-
nel reported by Congelton et al. (1982). Clearly,
juvenile chum actively maintain themselves in
many estuaries during early development.

Catches of juvenile chum salmon in the bay
declined rapidly over time. The proportions lost
from emigration and mortality are difficult to
separate. Healey (1982a) concluded that some
fish immediately emigrated from the Nanaimo
and Nitinat Estuaries. Bax (1982) reported
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initial dispersal of marked hatchery fish, and net
movements of 3-14 km/d for juvenile chum salm-
on in the elongated fjord of Hood Canal that
would rapidly remove chum salmon from a small
estuary. Lannan (1983) noted fish and bird
predation on juvenile chum salmon in Netarts
Bay. Most of the fish predation was caused by
cutthroat trout, Oncorhynchus clarki, during
downstream migration of chum fry and by Pa-
cific staghorn sculpin, Leplocottus armatus, as
fry entered the bay (J. Lannan, pers. comm.?).
We examined 57 large (>100-215 mm FL)
staghorn sculpin, 34 cutthroat trout (95-366 mm
FL), and 28 eoho salmon (95-156 mm FL) caught
in our beach seine collections in Netarts Bay and
found three juvenile chum salmon in staghorn
sculpin stomachs and one in a coho salmon
stomach. Gulls, mergansers, cormorants, and
herons were common in the bay, but we have no
data on their food habits. Harbor seals, Phoca
vitulina, were also common in Netarts Bay in
late spring; their scats were analyzed, but oto-
liths of juvenile salmon were not identified
(Brown and Mate 1983), perhaps because the
smallest sieve they used had a mesh size of 0.5
mm, a mesh that would retain otoliths of only
large juvenile chum.

The distribution of juvenile chum salmon in
Netarts Bay, with higher catches generally in
the upper than lower bay early in the spring, and
the reverse later in the spring is similar to that
found by Healey (1979, 1982a) in the Nanaimo
Estuary, by Myers and Horton (1982) in Yaquina
Bay, and by Forsberg et al. (1977) in Tillamook
Bay; but in the Nitinat Estuary no evidence of
seaward progression was found (Healey 1982a).
In Netarts Bay, juvenile chum salmon moved
extensively over the tidal flats, aggregating in
shallow water during periods of both high and
low tide (ef. Mason 1974; Forsberg et al. 1977,
Healey 1979, 1982a). In late spring, fish cur-
tailed their movements into shallow warm
waters of the upper bay at high tide and were
concentrated instead in the lower estuary.

Based on limited pelagic sampling, we found
no evidence for movement of fish into the deep
channel areas of the lower bay later in the
season. Juvenile chum salmon larger than 45-55
mm were caught in large numbers at some
shallow seine stations in the lower bay in May
and June. Some individuals were as large as 89

3J. Lannan, Oregon State University, Hatfield Marine
Science Center, Newport, OR 97365, pers. commun. 22
December 1988.
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mm and over 4 g wet weight. Fish averaged over
60 mm and 2 g by the end of May in all years
(Table 2). Many juvenile chum salmon appar-
ently stayed in shallow water in Netarts Bay
beyond the size of 45-55 mm, the length at which
they are thought to migrate from shallow estu-
arine waters into open neritic waters of other
estuaries (Kaczyinski et al. 1973; Healey 1980a,
1982b; Simenstad and Salo 1980; Myers and
Horton 1982). Large chum salmon apparently
did not aggregate in the deep channels of
Netarts Bay but emigrated directly out of the
bay into open coastal waters.

The average size of juvenile chum salmon in-
creased during their residence in Netarts Bay,
as well as in Tillamook Bay (Forsberg et al.
1977), Yaquina Bay (Myers and Horton 1982),
and Grays Harbor (Herrmann 1970). This in-
crease suggests growth. Since large chum
salmon are thought to emigrate more rapidly
than small chum (Healey 1982a) and recruit-
ment of downstream migrants may be pro-
longed, these estimates based on size-frequency
distributions probably underestimate growth
rates. The growth rates for marked chum salmon
in Netarts Bay, 0.4-0.6 mm/d and 1.6-2.3% body
weight (BW)/d, may also be underestimates if
rapidly growing fish exit the bay sooner than
slow growing fish. Growth rates of juvenile
chum salmon in Netarts Bay are considerably
less than the 1 mm/d and 6% BW/d estimated
from marked juvenile chum in the Nanaimo
Estuary (Healey 1979, 1982a) and the 8.6%
BW/d for marked chum in Hood Canal (Bax and
Whitmus 1981), but they are more similar to the
0.8 mm/d and about 4.2% BW/d for unmarked
juvenile chum salmon in the Fraser River and
Gulf Islands (Phillips and Barraclough 1978;
Healey 1982b), the 2.7% BW/d for unmarked
chum in Nitinat Lake, and the 0.4 mm/d found
for unmarked chum in Steamer Bay, south-
eastern Alaska (Murphy et al. 1988). They are
also similar to the growth rates of juvenile chum
reared in saltwater aquaria at daily rations of
6-10% BW/d (Volk et al. 1984).

The cumulative biomass of juvenile chum
salmon in Netarts Bay (13.6, 6.2, and 11.2 x 10®
kg) was generally lower than the 14-66 x 103 kg
estimated for naturally reared chum salmon in
the similarly sized Nanaimo Estuary by Healey
(1979). Total production of juvenile chum in the
Nanaimo Estuary during the two years studied
was 1,100-2,400 kg (or 0.2-0.4 g/m? of intertidal
area), over an order of magnitude higher than
that estimated in Netarts Bay (0.01-0.08 g/m? of

intertidal area). This suggests that the carrying
capacity of Netarts Bay for juvenile chum is lim-
ited. However, we found no evidence for den-
sity-dependent growth. Growth rates and resi-
dence times were about the same among years
with several-fold differences in numbers of fry
released and estimated biomass of juvenile chum
salmon in the estuary (Tables 1, 2, 3). Production
may be limited by the short residence times of
large hatchery fish released late in the spring as
well as by environmental factors other than
direct competition for food.

Elevated water temperatures may affect
growth of juvenile chum salmon, especially since
Netarts Bay is at the southern extremity of the
spawning range of this species in the north-
eastern Pacific Ocean. Kepshire (1971) reported
an optimum temperature of 13°C for growth of
juvenile chum salmon, and at 15°C, a tempera-
ture often recorded in Netarts Bay, food con-
sumption was higher than at lower tempera-
tures, but food conversion efficiency and growth
were low. Irie (1984) found that ocean tempera-
tures where juvenile chum salmon were found
along the coast of Hokkaido were below 14°C.
Juvenile chum salmon in Netarts Bay may also
be excluded from the best foraging habitat by
high temperatures. Densities of crustacean prey
were highest in the intertidal areas of the upper
bay (Chapman unpubl. data) where highest tem-
peratures occurred. Costs of metabolism, food
conversion, prey capture, and swimming may
limit allocation of energy to growth when tem-
peratures are above optimal (Brett 1979;
Wissmar and Simenstad 1988).

Growth efficiencies may also be influenced by
the quality and quantity of available prey. Small
harpacticoid copepods (viz., Harpacticus
uniremis) have been found to predominate the
diet of juvenile chum salmon in estuaries (Healey
1979; Sibert 1979; Simenstad and Salo 1980;
Simenstad and Wissmar 1984) where growth
rates are high, whereas large amphipods pre-
dominated the diet in Netarts Bay (Chapman,
unpubl. data), and mollusk larvae, hyperiid
amphipods, and larvaceans were important prey
for juvenile chum salmon in Steamer Bay, AK
(Murphy et al. 1988) where growth was slower.
Large prey, such as amphipods, may require
more energy to capture because of highly devel-
oped escape responses (Volk et al. 1984), may be
digested less efficiently because of their thick
chitinous exoskeletons (Pandian 1967; Brett and
Groves 1979), and may have lower per unit
weight caloric value (Cummins and Wuycheck
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1971) than smaller prey, such as harpacticoid
copepods. Volk et al. (1984) reported that food
conversion efficiency was much higher for juven-
ile chum salmon fed harpacticoid copepods than
larger amphipods. All these factors could affect
growth. Furthermore, pelagic calanoid cope-
pods, hyperiid amphipods, and larvaceans,
known to be important prey for large (>45 mm)
juvenile chum salmon as they move to open
neritic waters (Simenstad and Salo 1980), were
not abundant in Netarts Bay, perhaps further
constraining growth and production in this small
estuary.

A possible strategy to circumvent the need for
estuarine rearing where habitat quality limits
production is to release juvenile chum salmon at
a large size. Healey (1980a, 1982a) observed that
seaward movement of juvenile chum salmon is
size-dependent, with large fish moving offshore
first. Juvenile chum salmon entering estuaries
late in the spring also emigrate after a short time
(Sibert et al. 1977; Ioka 1978). In Japan, juvenile
chum salmon reared in salt water (Kobayashi
1980) migrate to the open sea within a week after
release and chum salmon reared to a large size (8
g) return to hatcheries at a high rate (Ioka
unpubl. data).

Our experimental releases of different sizes of
fry indicate that large juvenile chum salmon do
not utilize Netarts Bay as a nursery area. The
large (6.5 g) chum we released in 1986 appar-
ently migrated immediately to the ocean. When
these fish returned to Whiskey Creek as adults
in 1988 (presumably at age 3, based on the age
structure of previous runs (Lannan 1983; J.
Fisher unpubl. data)), the ratio of fish with miss-
ing left: right ventral fins was 2:1 (W. McNeil,
pers. commun.?). This ratio was 0.6:1 in the
juvenile chum salmon released in 1986 (Table 1).
This suggests that these large (6.5 g) juvenile
chum salmon that were not dependent on the
estuary survived at rates that were 34 times
higher than the smaller (1.0-2.2 g) fish released
that year. More experiments are needed to con-
firm these results. Rearing chum salmon fry to a
large size may be a useful method to enhance
hatchery runs into estuaries, especially if size-
selective predation is intensified by retarded
growth owing to high temperatures or low avail-
ability of prey. Furthermore, large hatchery fish

‘W, McNeil, Oregon State University, Hatfield Marine
Science Center, Newport, OR 97365, pers. commun., 5 De-
cember 1988.
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released late in the spring may have minimal
adverse impacts on wild stocks.
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