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INTRODUCTION

Of the Pacific salmon species, the chinook salmon (Oncorhynchus tshawytscha)
probably exhibits the greatest diversity in life history patterns. Juveniles may enter an
estuary immediately following emergence or after spending more than a year rearing in
freshwater (Healey 1991). Thereafter chinook salmon juveniles spend from 6 days to 6
months in estuaries prior to moving to the ocean for further growth (Simenstad et al.
1982). Ocean residence may range from 1 to 6 years, and ocean migration patterns are
highly variable across populations. Age at maturity ranges from age 2 (almost
exclusively males) to age 7 (males and females). Adult fish may enter freshwater
throughout the year and time of spawning ranges from 1 to 7 months following
freshwater entry (Nicholas and Hankin 1988). Relative to other species of salmon, the
chinook salmon appears to take greater advantage of estuaries (Healey 1991). Size and
age at estuary entrance, utilization of estuarine habitats, and length of residence may
vary among different life history types, but all chinook salmon must spend some time
feeding and growing in the estuary (Healey 1982).

One way to gauge the importance of estuaries to chinook salmon would be to
determine the duration of time that this species generally spends in estuaries prior to
entering the ocean. In published studies, individual fish have been documented to
remain in estuaries for up to 2 months in California (Kjelson et al. 1982, Wallace 2000),
up to 5 months in Oregon (Nicholas and Hankin 1988), and up to 6 months in
Washington (Simenstad et al. 1982). Such documented observations do not, however,

suggest what the average duration of estuarine residence might be. In the relatively few



published studies that have attempted to quantitatively assess the importance of estuaries
to chinook salmon, a mark-recapture approach has typically been used to characterize
estuary dependence (Reimers 1973, Healey 1980, Congleton et al. 1981, Kjelson et al.
1982, Levy and Northcote 1982, Levings et al. 1986, Macdonald et al. 1988, Fisher and
Pearcy 1990, Shreffler et al. 1990, Wallace 2000). In the majority of these studies, both
marking and recapture efforts have both been carried out within the estuary. Given an
initial mark and release of a known number of fish, the pattern of decline in standardized
catch-per-unit-effort (CPUE) has been used to estimate a “disappearance rate” which
must, to some degree, reflect duration of estuarine residence. That is, a high
disappearance rate would indicate that fish move rapidly out of an estuary, whereas a
low disappearance rate would suggest that, on average, fish remain in an estuary for a
substantial period of time.

Many researchers (e.g., Healey 1980, Myers and Horton 1982, Levings et al.
1986, MacDonald et al. 1988) have assumed that the pattern of decline in CPUE of
recaptured marked fish should be of an exponential form. Disappearance rate could then
be estimated as the slope of a regression of the natural logarithm of CPUE against days
following marking. Once disappearance rates have been estimated using this approach,
they have been used to calculate values that have been called “residency half-life” and
“mean residence time”. “Residency half-life” is intended to measure the number of days
by which time 50% of the individuals from a marked group have left an area (Myers and
Horton 1982). “Mean residence time” is either not clearly defined (e.g., Healey 1980,

Levings et al. 1986), or is defined inconsistently by different authors (e.g., Congleton et



al. 1981, Macdonald et al. 1988). Without precise explanations, Healey (1980)
estimated an “‘average residence time” of 60 d based on a daily disappearance rate of 11
— 12% for chinook in the Nanaimo River estuary, British Columbia. Levings et al.
(1986) reported “apparent mean residence times” of 65 d for wild fish and 31 d for
hatchery fish in the Campbell River estuary, British Columbia (no disappearance rates
given). When methods of estimation are explored in detail, researchers have tended to
vary in their interpretation of mean residence time. Congleton et al. (1981) described a
“weighted mean residence time” as the average of the mean time to disappearance for
each 10% portion of a marked group, from the first 10% to the last 10% to leave the
estuary. They reported estimates ranging from 2.4 to 3.8 d for chinook in the Skagit
River estuary, Washington. For fish in the Campbell River estuary, British Columbia,
Macdonald et al. (1988) utilized the mean CPUE of marked fish within their fitted
regression equation to estimate a “‘mean residence time” of 33.8 d. Although published
estimates may not be unbiased or fully consistent with one another, they do support a
contention that juvenile chinook salmon may sometimes spend considerable time in
estuaries.

An important population of fall chinook salmon exists in northern California’s
Smith River. The Smith River is the only remaining undammed river in California and
has received special attention at both state and national levels. Under the “Northwest
Forest Plan”, the Smith River has been designated as a key watershed (Forest Ecosystem
Management Assessment Team 1993), and the Smith River is a part of both federal and

California Wild and Scenic River systems. Although freshwater habitat in this system 1s



relatively pristine, estuary habitat has been severely altered by agricultural activities
(diking and drainage) associated with cattle grazing and ranching. As part of a
California Sea Grant project devoted to assessment of the ecological importance and
restoration potential of the Smith River estuary, we conducted a three year mark-
recapture experiment designed to evaluate the use of the Smith River estuary by juvenile
chinook salmon. The primary objectives of this mark-recapture study were to determine
the average number of days that juvenile chinook salmon spent in the estuary prior to
moving to the ocean environment, and to describe seasonal changes in the sizes of
juvenile chinook salmon that were present in the estuary. A secondary objective was to
estimate the proportion of the juvenile chinook salmon population in the estuary that was
contributed from Rowdy Creek Hatchery, a facility operated immediately above the

Smith River estuary.



STUDY AREA

The Smith River has a 7.2 km long estuary that enters the Pacific Ocean 5.6 km
south of the border between California and Oregon. The estuary typically remains open
to the ocean throughout the year (Figure 1). The Smith River drainage basin covers
1,878 km?, mostly in northwest California, but with 13% of the area in southern Oregon
(EDAW 1980). Tides have a mean range of 5.1 ft and a diurnal range of 6.9 ft (Mizuno
1998).

Due to variations in habitat features throughout the estuary, the estuary was
classified into three distinct reaches (Figure 2): 1) an “upper reach”, typified by salinities
from 0-5 ppt, and by diked banks recolonized with blackberries (Rubus fruticosus),
salmonberries (Rubus spectabilis), willows (Salix sp.), and red alders (Alnus rubra)
under 25 years of age; 2) a “middle reach”, characterized by salinities from 5-20 ppt, and
flanked on the west side by farmland transitioning into blackberries and salmonberries,
and on the east side by a diked bank recolonized by willows and alders under 10 years of
age; and 3) a “lower reach”, that has salinities ranging from 20-30 ppt, and is bordered
by an unstable sand berm on the west side, and by agricultural land and resort areas on
the east side.

Fall chinook salmon, steelhead (O. mykiss), and coastal cutthroat trout (O. clarki
clarki) are the most abundant anadromous salmonid species that utilize the Smith River
estuary. Other common fish species thus far identified in the Smith River estuary are
threespine stickleback (Gasterosteus aculeatus), prickly sculpin (Cottus asper), staghorn

sculpin (Leptocottus armatus), surf smelt (Hypomesus pretiosus), Klamath smallscale

(9]
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Figure 1.

Smith River estuary, California, 1998-2000.
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sucker (Catostomus rimiculus), starry flounder (Platichthys stellatus), Pacific sardine
(Sardinops sagax), American shad (Alosa sapidissima), Pacific herring (Clupea
harangus pallasi), shiner surfperch (Cymatogaster aggregata), saddleback gunnel
(Pholis ornata), Pacific lamprey (Lampetra tridentata), jacksmelt (Atherinops
californiensis), and northern anchovy (Engraulis mordax) (Mizuno 1998).

Rowdy Creek Hatchery is a privately owned hatchery located on Rowdy Creek,
a tributary entering the Smith River at the upstream end of the study area (Figure 1).
Rowdy Creek Hatchery released from 235,084 to 485,012 fingerling chinook salmon
(approximately 5.7 g each) annually during May and June of 1998-2000 (Table 1). Fish
were released at one of three locations: 1) at hatchery ponds feeding into Rowdy Creek
proper, 2) into Dominie Creek, a tributary to Rowdy Creek, or 3) at a public boat ramp
located approximately 2 km upstream of Rowdy Creek. Choice of release location was
based on flow conditions and water temperatures in Rowdy Creek, Dominie Creek, and
the mainstem Smith River.

During 1998 and 1999, Rowdy Creek Hatchery administered left maxillary clips
to a small percentage of juvenile chinook salmon stocked into the system. In 1998, less
than 3% of the May-June release were marked (Table 1). These marked fish were the
largest juvenile fish released during that year. With volunteer assistance in 1999, 13%
of fish released in May-June received left maxillary clips, with a fraction of each group
released during this time being marked.

Due to difficulties with detecting left maxillary clips in the field, efforts were

made to mark fish with adipose clip and coded-wire tags (AD-CWT) in 2000. With



Table 1. Year, date of release, location of release, number released, number

marked (left maxillary clips in 1998 and 1999; AD-CWT in 2000), and size

at release (g/fish) for juvenile chinook salmon released by Rowdy Creek
Hatchery, Smith River, California, during May and June of 1998-2000.

Year  Date of Location Number  Number  Percentage Size at
Release of Release Released  Marked Marked Release

1998  24-May Hatchery 169,000 0 0.0 44
28-May Hatchery 91,500 0 0.0 6.1
6-Jun Boat ramp 4,687 4,687 100.0 10.6
6-Jun Boat ramp 6,283 6,283 100.0 74
6-Jun Boatramp 116,340 0 0.0 6.5
13-Jun Boat ramp 97,202 0 0.0 6.1
Total 485,012 10,970 2.3

1999 14-Jun Boat ramp 15,184 5,044 33.2 8.7
16-Jun Boat ramp 95,030 9,724 10.2 4.1
17-Jun Boat ramp 93,670 13,195 14.1 6.3
24-Jun Boat ramp 116,948 15,224 13.0 52
Total 320,832 43,187 13.5

2000  28-May Hatchery 72,250 0 0.0 53
12-Jun Hatchery 67,710 0 0.0 6.1
12-Jun Hatchery 51,810 51,810 100.0 6.9
12-Jun Hatchery 11,616 0 0.0 4.7
12-Jun Hatchery 1,206 0 0.0 13.6
14-Jun Hatchery 30,492 0 0.0 6.9
Total 235,084 51,810 22.0
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assistance from CDFG’s Cooperative Rearing Progam and Rowdy Creek Hatchery
personnel, over 50,000 fish were marked (22% of total releases), with AD-CWT from
May 22 to June 2 of 2000 (Table 1). In 2000, I had proposed to mark a constant fraction
of all release groups to ensure representative marking, and to increase accuracy
regarding the estimated daily proportions of hatchery fish (Hankin 1982). However,
hatchery personnel released a large number of unmarked fish prior to release of marked
fish. In all project years, variable hatchery marking and release practices complicated
statistical separation of naturally-produced and hatchery-produced juvenile chinook

salmon in the Smith River estuary.



METHODS

Fish Collection and Marking Protocols

In the summer of 1998 and early summer of 1999, a rotary screw trap (E.G.
Solutions) with a 2.44 m diameter cone supported by pontoons was used to passively
capture fish approximately 2 km above the estuary. Juvenile chinook salmon were
trapped for five days each week from early June to late August in 1998, and for four
days each week from late June to mid-July in 1999. The screw trap was operated two to
three days per week from late August to late September of 1998. A single trapping
occasion was defined as the time between the initial set during the afternoon to the time
when the trap was checked the following morning, encompassing the evening and night
periods when juvenile salmonids most commonly migrate (Reimers 1973).

The trap was deployed at a location where there was enough water velocity to
produce at least 5 revolutions per minute, and where it could still sample the stream
margin, at the edge of the thalweg and near the head of a pool. The cone was set as
close to the bottom as physically possible. In 1999, a weir was created on the nearshore
side of the upstream end of the trap to encourage fish to enter the trap. The weir was
formed by attaching a 15.24 m long by 1.83 m deep seine from the outer edge of the
pontoon on the trap at an upstream angle to the shore, where the net was anchored by
boulders. Fish entered the submerged lower half of the cone, and were retained in the
live box at the downstream end of the trap. Prior to marking, all juvenile chinook
salmon were transferred from the live box into buckets, anesthetized with dissolved CO,

gas, measured to the nearest mm fork length, and individually weighed to the nearest

11



12

0.1g. Other fish species were noted and released. Barring technical marking difficulties,
on days that trap catch exceeded 25 juvenile chinook salmon, all juvenile chinook
salmon were marked (see below). Marked fish were typically held in aerated buckets of
river water for up to ten minutes, prior to being released approximately 15 m
downstream from the trap.

In late summer of 1999 and summer of 2000, fish were actively pursued at six
sites in the estuary (Figure 2) with a 45.7 m long by 2.4 m deep beach seine with 0.95
cm diagonal mesh. Two days per sampling week were allocated to marking, one day
each in the upper and middle reaches. Marking primarily occurred at five sites (three
upper and two middle reach sites) from late July to mid-August in 1999, and at four sites
(two upper and two middle reach sites) from mid-June to late September in 2000. Fish
captured within the upper and middle reaches received contrasting marks.

All collected juvenile chinook salmon were either placed in buckets containing
estuary water or in 0.9 x 0.6 x 0.6 m floating live wells with 0.95 cm mesh. Marks
were applied when daily catch of juvenile chinook salmon exceeded 50 fish. It was
assumed that the number of recaptures would be negligible if fewer than 50 fish were
marked. Prior to marking, fish were anesthetized with CO, gas and examined for
previous marks. Previously marked fish were measured to the nearest mm fork length
and their specific mark was recorded, but they did not receive new marks. During a
typical marking day, all newly marked fish or a systematic sample of at least 50 marked
fish were measured to the nearest mm fork length. Prior to release, juvenile chinook

salmon were typically held in aerated buckets or floating live wells for up to two hours
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after handling to allow for adequate recovery time. The same measurement protocol was
applied to recapture days. All sampling methods were approved by the Humboldt State
University IACUC (approval number 98/99.F.94.B).

Throughout the study, a unique mark was applied during each week of marking
to differentiate among marked groups, and to allow for the calculation of days since
marking for recaptured fish. For fish marked at the screw trap in 1998 and 1999, the
number of days post-marking was typically calculated with a possible error of up to four
days. Due to changes in our weekly marking schedule, it became possible to calculate
the number of days since marking to within two days in 1999 and to the nearest day in
2000 for recaptures of fish marked within the estuary.

In 1998, marks were applied by injecting one of four colors (orange, green,
yellow, and red) of a V]jet tag (Northwest Marine Technologies) into the fin rays of fish
to produce a unique batch mark. A subsequent experiment (Humboldt State University
IACUC approval number 97/98.F.43.B) conducted at the HSU hatchery on juvenile
rainbow trout suggested that it was difficult to distinguish between orange, green, and
yellow tags after 11 weeks. In 1999 and 2000, marks were instead applied using freeze
brands. Dry ice and ethanol were mixed into a slurry and transferred to an insulated
branding apparatus, where cold was conducted through an aluminum rod to a 10 mm
branding symbol (Fujihara and Nakatani 1967). Fish were pushed against the brand with
steady pressure for approximately 3-5 s. Combinations of brand symbols and varying

body locations were used to produce unique marks to identify each week of branding.
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In 1999, a total of 70 juvenile rainbow trout, ranging in size from 62 to 91 mm
fork length, were marked with freeze brands at the Humboldt State University fish
hatchery on 5 March, 10 March, 24 March, and 15 April (Humboldt State University
IACUC approval number 98/99.F.60.B). Fish were examined at least weekly from 8
March to 2 April, once every two weeks from 2 April to 26 May, and approximately
monthly from 26 May to 6 August. Based on results from this experiment, freeze brands
could be detected on over 98% of marked fish after at least five weeks; on 81% of
marked fish after at least 8 weeks; on 77% of marked fish after at least 10 weeks; and on

44% of marked fish after at least 13 weeks post marking (Appendix A).

Recapture Protocol

With the exception of occasional sampling effort from 21 June to 22 July of 1999
in the approximately 2 km of freshwater habitat between the screw trap and the estuary,
recapture effort was restricted to the estuary itself for all three project years. During
1998, recapture effort consisted of a) beach seining with a 15.2 m long by 1.8 m wide
pole seine with 0.65 cm mesh, b) boat electrofishing, and ¢) boat deployment of a 45.7 m
long by 1.8 m deep beach seine with 0.65 cm mesh. In 1999, recapture effort primarily
consisted of boat deployment of a 45.7 m long by 2.4 m deep beach seine. The primary
method of seining for recapturing was the same as the method described for capturing
fish to mark in the latter half of the 1999 field season and during the entire 2000 field

s€ason.
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From June to late August of 1999 and 2000, recapture sampling occurred five
days a week, with two days devoted to the combined efforts of marking and recapture.
From August through October, sampling primarily consisted of recapture effort, and was
typically conducted once or twice weekly. In 1999, sampling typically occurred
between 0900 and 1700, whereas in 2000, sampling typically took place during an 8§ h
period of time between 0600 and 1900.

Various locations within the estuary were sampled in an attempt to find the
optimal locations for sampling, in terms of both fish abundance and practicality of
sampling by beach seining. In 1999, four sites (two upper reach sites and two middle
reach sites) proved most effective (Figure 2). These sites became part of our
standardized protocol for 2000, although the two upper reach sites yielded relatively few
fish in June of 2000. Consequently, two new upper reach sites were selected in June
2000 (Figure 2).

Standardization of Recapture Effort

Because calculation of “disappearance rate” assumes that the decline in catch-
per-unit effort (CPUE) of marked fish is a direct reflection of the decline in the true
numbers of marked fish that remain in the estuary, it is critical that recapture effort be
standardized to the maximum degree possible. To achieve this objective, in 2000 we
restricted our seining to incoming tides (when seining was most effective), fixed our
sampling locations, standardized sampling order of locations and the number of sets per

location, and refined locaticn-specific seining techniques.
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The typical weekly sampling program was conducted on the days and locations
shown in Table 2. Beginning in early July of 2000, sites were visited in the same order
each sampling day. At each site, two sets were typically conducted, with at least 20
minutes separating the end of the first set from the start of the second set. Modifications
to the protocol occurred when an unusually large number of fish (i.e., several hundred)
were captured at a single location. Under these conditions, not all sites could be visited
within the standardized timeframe, or holding stress, due to high densities of fish within
our live wells, made it necessary to release at least some fish prior to conducting a
second set. Standardization of recapture effort was generally achieved with a high
degree of success (Table 3).

Throughout the season, we attempted to use the same techniques for each set at a
given site. The proportion of recapture effort differed among sites, but the total
recapture effort applied over all four sites was the same for each recapture day.

Because of the low number of recaptured fish in the upper reach in the 2000 field
season, we based residence time estimates on middle reach sampling sites. Recapture
effort was defined as 1 d for each complete sampling (two sets per site) of the two
middle reach sites during one sampling day. From June to late August, weekly recapture
effort was typically 4 d. Recapture effort was reduced to 1 or 2 d weekly from late

August to early October.
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Table 2. Weekly sampling schedule from 13 June 10 27 August 2000, Smith River
estuary, California (Upper 1 = upper reach site 1, Upper 2 = upper reach site 2,
Middle 1 = middle reach site 1, Middle 2 = middle reach site 2) . Site locations are
delineated in Figure 2.

Location Mark (M) and/or
Day Upper 1 Upper2 Middlel Middle2 Recapture (R)
Monday X X X X R
Tuesday X X M/R
Wednesday X X M/R
Thursday X X X X R
Friday X X X X R




Table 3. Percentage success for achieving standardization of recapture effort
during the 2000 sampling season, Smith River estuary, California (based on the
total number of sampling occassions or total number of site visits).

Standardization Goal Percentage Success n
Incoming tide restriction 100.0 59
Completed sampling 96.6 59

for all designated sites

2 sets/site 97.8 178

18
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Estimation of Residence Time

Estimation of Disappearance Rate

Recapture effort was standardized to ensure that the relationship between the
number of recaptures and the actual number of marked fish present was as consistent as
possible. The importance of this relationship to the estimation of disappearance rate can
best be illustrated by deriving the model used to fit the recapture data from an assumed

exponential model. If capture probability () is fairly low (i.e., ¥ <10%), it is

reasonable to assume that capture probability is constant and directly proportional to
recapture effort, f;. Then, for a given group of fish marked on day i, the expected

number of recaptures on calendar date j is:

ER )=y, M, =af, M, (1)
where R;;is the number of recaptures from group i on day j; a is a “catchability”
coefficient (an assumed constant) which is equivalent to the capture probability for one
unit of recapture effort, defined as one day of completely sampling the two middle reach
sites; f; is the quantity of recapture effort on any given sampling day; and M;; s the
number of fish marked on day i that are present and available for capture in the estuary
onday j. If recapture effort had not been standardized (fixed), then y, would vary with

J; so that E(R;;) would not have been a simple proportion of M;; .
The value of M;;depends on the initial numbers marked and the process whereby
marked fish leave the estuary. If an exponential model is assumed to be appropriate for

describing the nature of decline for marked fish, then:
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Mi,j:Mo,'e—Z(j_i) (2)
where M, is the initial number of fish marked and released on day i; z is the

disappearance rate parameter; and j-i is the number of days at large since release,
calculated as the difference between the calendar date of mark and release (i) and the
calendar date of recapture (5).

Substituting Equation (2) into Equation (1), we have, for f; = f = constant:

ER )=a f-M, eV P=y.M, .7V 3)

In this study, I used generalized linear models (S-Plus Version 3.3, function
glm()) to estimate y and z in the equation In(r, ;) =In(y) +In(M, ) — z(j —7), where r;; are
the observed recoveries. Recapture effort from the upper reach or days of incomplete
sampling of the middle reach were not included in the analysis. I used generalized linear
models because this approach, unlike the linear regression approach, allows for a non-
normal error distribution. I fitted the 2000 recapture data using the generalized linear
model family Poisson, because data expressed in the form of counts (i.e. number of
recaptures) typically have a Poisson error distribution (McCullagh and Nelder 1989).
The primary objectives of my analyses were to 1) estimate disappearance rate, mean
residence time, and residency half-life for marked groups of juvenile chinook salmon
released in 2000, and 2) determine if disappearance rate differed among these release
groups 1n a statistically significant manner.

I first determined if the effect of days at large on the number of recaptures was

significant, and if it was reasonable to assume a constant capture probability among all
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groups released in the middle reach (except for the 24 August group and the two
September groups). The three final release groups were omitted from the analysis due to
the scarcity of recapture effort applied after their release. The effect of days at large on
the number of recaptures was judged significant when a chi-squared test rejected the null
hypothesis at a=0.05.

To assess the validity of the assumption of constant capture probability, two
separate models were fitted to the recapture data. One model allowed disappearance
rates () and capture probabilities (&) to vary among groups, and was represented by:

In(r, )=In(M ) +a,+ B,(j-D+aZ +BZ(j-i)+.+a,Z,+ BZ,(j~i) (4
where a,, @, ... , & are the intercept parameters; £, f,, ... , [ are slope parameters; Z,
is a dummy variable with value 1 for the second group or 0 for any other group, Z, is a

dummy variable with value 1 for the third group or 0 for any other group, and so forth.
The second model, which assumed a constant capture probability, was:

In(r, )=In(M ) +a,+ B,(j =D+ BZ(-i)+..+ B,Z,(j—1) 5)
where q, is the intercept parameter, and £, £, ... , f are slope parameters. The
reference category is represented when all dummy variables have a value of zero. The
standard error and the t-value were calculated for each of the estimated slope
coefficients. The first slope coefficient is equivalent to the disappearance rate for the
reference group, and all other coefficients are adjustments to the disappearance rate for

all other release groups.
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The residual deviance, a measure of the goodness of fit (analogous to the residual
sum of squares for linear regression), was compared between the two models in
determining the most parsimonious model. Based on this criteria, the model assuming
constant capture probability (Equation (5)) was judged the “better” model.

I pooled data from release groups if a) the groups were temporally adjacent, and
b) based on t-test results for the slope coefficients, the status of statistical significance
(significant or not significant) with regards to the disappearance rate of the reference
group was the same for all such groups. This resulted in a small number of “categories”,
each consisting of recovery data for a set of temporally adjacent release groups. Then,
for each category, a dummy variable analysis was conducted to confirm that the effect of
days at large on number of recaptures was significant (¢=0.05), and the effect of release
group on slope was not significant (¢=0.05). After categories were defined and
validated in this way, a dummy variable analysis was conducted with dummy variables
coding for all defined categories. The model used for this analysis was:

In(r, )) =In(M, )+ D, + D(j -+ DY,(j-D)+ DV,(j-D)+ DFV.(j—1) (6)
where D, is a common capture probability parameter; D,, D,, D,, and D, are slope
parameters; ¥, , V, and V3 are dummy variables coding for pooled categories
corresponding to release groups. Subsequent categories were deemed to be statistically
different from the first category if t-tests for the slope coefficients rejected null

hypotheses at «=0.05. The objective of the final dummy variable analysis was to
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determine whether fish released earlier in the season (June, July) were disappearing from
the estuary at a statistically different rate than fish released later in the season (August).

Estimation of Mean Residence Time

I define mean residence time as the expected value of residence time for an

individual fish (E(7)):

s, = E(T) =1 p(t) 7

where 7 is a particular number of days spent in the estuary, and p(?) is the probability of
spending ¢ days in the estuary.

If one assumes that the probability of leaving the estuary on a given day
following estuary entrance, 4, is independent of the prior amount of time spent in the
estuary, then:

pit)y=(01-6)"-0, (8)
the product of the probability of not leaving the estuary on days 1, 2, ..., through ¢-/
[(1-8)""] and the probability of leaving on day 7 (€). If a group of fish were marked
on day 7, then one would expect the number of marked fish remaining in the estuary on
day j to be:

EM,)=M, -(1-9)V". )
If one assumes that the exponential model (Equation (2)) is also appropriate for

describing the pattern of decline in marked fish, then:

EM, )=M, (A=) = M, e 2(j - i) (10



where z is the disappearance rate. Thus, (1-8)=e¢7, or:
f=1-e"". 8}
If one substitutes Equation (11) into Equation (8), the probability of the residence time

for an individual fish can be expressed in terms of the disappearance rate as:

p0)=e T (1-e7). (12)
Finally, if one substitutes Equation (12) into the original expression for mean
residence time (Equation (7)), the formal expression for the estimated mean residence

time is:

fy =Dt pty=D e (1-e7). (13)

For calculation purposes, assuming a fish does not spend more than one year in the

estuary, the equation:

365 .
=Y te 0 (1-e7) (14)

is nearly identical in value to Equation (13). Once [ estimated the disappearance rate
(Z), this value was substituted into Equation (14) to produce an estimate of mean
residence time.

Estimation of Residency Half-life

Residency half-life was described by Myers and Horton (1982) as a measure of
the time by which 50% of hatchery-released coho salmon (Oncorhynchus kisutch) had
disappeared from their sampling sites. The estimation of residency half-life relies on the

use of the exponential model to estimate a disappearance rate, and hence involves the
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same assumptions previously stated for estimating disappearance rate. We defined

residency half-life as the amount of time it takes for 50% of a marked group of fish to
leave the estuary. For the exponential model, M, /M, =.5= e ™% _so that residency

half-life can be expressed as:

R —1In(.5
. (1s)

where Z is the estimated disappearance rate.

Simulation of Residence Time Estimation

Computer simulations (using S-Plus Version 3.3) were used to determine the
degree to which the exponential model might be applicable to patterns of fish remaining
over time, when the probability of leaving the estuary was not independent of time
previously spent in the estuary. If it is true that there is a threshold size for entering the
ocean (Healey 1982, Simenstad et al. 1982) and that juvenile chinook salmon spend at
least some time growing in the estuary (Healey 1982), then it is reasonable to conclude
that the probability that an individual fish leaves the estuary should increase with the
amount of time previously spent in the estuary. We used the logistic distribution to
simulate this possibility (Figure 3). For the logistic model, the probability density

function can be expressed as:

Sl p.0) = —= (16)
[0}
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where # is the mean and ¢ is the standard deviation of the logistic random variable X,
where x is continuous (Balakrishnan 1991). Within the context of the simulations, x
represents an individual fish’s residence time.

Individual simulations were intended to mimic a process whereby individual fish
entered the estuary and then either remained in or left the estuary according to the
amount of time that they had previously spent in the estuary. Based on the patterns of
screw trap captures of downstream-migrating chinook salmon during 1998, I assumed
that the number of downstream migrants entering the estuary from 8 June to 23
September (a) totalled 100,000 fish (an arbitrary choice) and (b) were normally
distributed over this period of time (mean calendar entrance date = 205, variance = 225).
Simulations kept track of the numbers of fish that entered the estuary on a given date. 1
used the logistic distribution (mean = 25 d, variance = 31%) to simulate the distribution of
estuary residence times for all fish entering the estuary. This approach is mathematically
equivalent to simulating a logistic distribution for each daily group of fish entering the
estuary, as demonstrated in Appendix B. The total number of fish present in the estuary
on a given date thus consisted of those fish that had just entered on that date plus fish
that had entered on previous dates but still remained in the estuary. Each of these
simulated fish had a known history of prior estuary residence.

I simulated mark and release of all fish captured in the estuary on each of three
dates (July 1, August 1, and September 1). Based on estimates of capture probability
from the analysis of 2000 recapture data, I assumed that field sampling could capture 1%

of all fish that were present in the estuary on a given date. 1 then generated a simulated



28

sequence of the numbers of marked fish that were recaptured in the estuary over time for
each of these three mark and release dates. A generalized linear model with an assumed
Poisson error distribution was then fit to these simulated patterns of numbers remaining
in the estuary over time to estimate the disappearance rate, Z, assuming the exponential
decay model that has been typically applied in this mark-recapture setting. Based on the
calculated Z, mean residence times and residency half-lifes were calculated using
Equations (15) and (16), respectively.

The aforementioned simulation process was repeated 10,000 times, and the
expected values of the estimated disappearance rates, mean residence times, and
residency hali-lifes were calculated. These expected values were then compared with
the true mean residence time and true residency half-lifes based on the assumed logistic

distribution parameters that were used to drive the simulations.

Size Trends
Size trends of chinook salmon captured either in the estuary or in freshwater
were analyzed by graphical inspection. Weekly mean fork lengths of chinook salmon
were plotted against time for the entire estuary sampled from 8 June to 21 September in
1998, and for each reach of the estuary sampled from 21 June to 24 September in 1999
and from 5 June to 7 October in 2000. Also, for fish captured at the screw trap from 8
June to 23 September in 1998 and from 17 June to 4 August in 1999, weekly mean fork

lengths of chinook salmon were plotted against calendar date for each year.
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Estimation of the Proportion of Hatchery Fish

A secondary objective was to estimate the proportion of hatchery juvenile
chinook salmon fingerlings that were present in the Smith River estuary. For 1998, we
could not estimate the proportion of hatchery fish due to the low percentage (<3%) of
marked fish (Table 1) and the low recovery rate of these marked fish. In 1999 and 2000,
however, we estimated proportions of hatchery fish for each estuary reach and sampling
day. The calculation of the proportion of hatchery fish assumes that no differential
mortality exists between hatchery marked and unmarked fish, and no marks are lost
between release and recapture. During 1999, an almost constant fraction of all release
groups was marked and, therefore, the proportion of hatchery fish could be estimated
with greater certainty than in 2000, when 72,250 unmarked fish were released two weeks

prior to release of marked fish.

For 1999, the fraction (¢ ) of hatchery fish released with marks was estimated as:

-y
q=> (17)

where @ is the number of fish marked, and A is the estimated total number of fish
reported as released by Rowdy Creek Hatchery. The proportion of hatchery fish on day j

for fish captured in estuary reach s was then estimated as:

~ C. .
h.sJ = Ar'/ )

5.

(18)

l'~Q)|'—‘

where fz, is the estimated proportion of hatchery fish, C ; is the number of adipose-

clipped hatchery clipped fish that were recaptured, N;; is the number of fish examined
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for marks from reach s on day j, and ¢ is the fraction of hatchery fish released with
marks.

Due to release practices in 2000, the fraction of hatchery fish released with marks
was estimated as a range, with the lower limit calculated under the assumption that none

of the aforementioned 72,250 unmarked fish remained in the study area:

PO (19)
A-72,250

The lower limit of the daily proportion of hatchery fish was then estimated as:

(20)

The upper limit of the daily proportion of hatchery fish was estimated assuming that all
72,250 unmarked fish remained in the study area. [ used Equation (17) to estimate the
fraction of fish released with marks, and Equation (18) to estimate the upper limit of the
daily proportion of hatchery fish. For simplicity, point estimates based on the average of
upper and lower limits of daily estimated proportions of hatchery fish are used
throughout the text. Estimated daily proportions of hatchery fish were compared across

time for each season and reach.



RESULTS

Mark-Recapture Summary

Recovery of Rotary Trap-marked Fish

From 5 June to 23 September of 1998, a total of 3,611 juvenile chinook salmon
were captured at the rotary screw trap located approximately 2 km upstream from the
estuary, with daily catches ranging from 2 to 225 individuals (Figure 4, Appendix C).
Trap capture reached a peak from late July to early August, with a steady decline
immediately following. Only a single marked fish was recaptured in the estuary proper;
this fish had been marked between 12 August to 18 August, and was recaptured 0 - 6 d
past marking (Table 4).

From 17 June through 21 July of 1999, 882 juvenile chinook salmon were
captured at the rotary screw trap and 775 of these fish were marked (Table 4). On 4
August, 46 juvenile chinook salmon were trapped, none of which were marked. Daily
catch ranged from 6 to 117, and peaked on 2 July (Appendix C). From 25 June to 24
September, juvenile chinook salmon were captured with beach seines in the estuary;
numbers examined for marks were: 33 in June, 3,070 in July, 2,796 in August, and 988
in September (Appendix D). Only five screw trap-marked fish were recaptured within
the estuary, with individual values for days at large ranging from 1 — 3 d past marking to
18 — 21 d past marking (Table 5).

From 21 June to 2 August if 1999, 1,051 fish were captured above the estuary by
seining techniques within the 2 km stretch between the trap and the estuary, and were

examined for marks. One fish was recaptured with a pole seine near the screw trap as

31
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Table 4. Summary of marking location, number of marked fish, estuary sample
size, and number of estuary recaptures for juvenile chinook salmon in the Smith
River estuary, California, 1998-2000.

Estuary Number of
Year Marking Number of Sample Estuary
Location Marks Size Recaptures
1998 Screw trap 2,913 373 1
1999 Screw trap 775 6,887 5
Estuary 1,732 95
2000 Estuary 3,494 12,904 280




Table 5. Dates of marking, number marked, recapture date, number of recaptures,
location of recaptures, and days at large for juvenile chinook salmon marked at the
rotary screw trap located approximately 2 km above the estuary, and recaptured
either above the estuary or within the upper, middle, or lower reach of the Smith
River estuary, Califorma, 1999.

Dates of Number Recapture ~ Number of Location of Days at

Marking Marked Date Recaptures Recapture Large

23-25 June 96 0

30 June - 3 July 221 14 July 1 Above estuary 11-14

7-10 July 251 12 July 1 Above estuary 2-5
14 July 2 Above estuary 4-7
20 July 1 Above estuary 10-13
22 July 1 Above estuary 12-15
27 July 1 Upper reach 17-20
28 July 2 Middle reach 18-21

13-16 July 161 16 July 1 Lower reach 1-3
3 August 1 Middie reach 18-21

19, 21 July 46 0




35

late as 11-14 d past marking, and one fish was recaptured approximately 1 km above the
estuary as late as 12-15 d past marking (Table 5).

Recovery of Fish Captured and Marked within the Estuary

In 1999, individual values for days at large ranged from 2-3 d to 31 d (Table 6).
Only one marked fish was captured in a reach other than where it was originally marked;
one upper reach marked fish from the 26-27 June release group was recaptured in the
middle reach, 2-3 d past marking. In 1999, the vast majority of sampling within the
upper reach occurred at sites on the south bank of the estuary, whereas the majority of
sampling within the middle reach occurred at sites on the north bank. In 1999 and 2000,
it was unknown whether marked fish were recaptured more than once.

In 2000, recaptured fish exhibited a range of days at large from 1-72 d (Table 7,
Appendix E). Although fewer fish were marked in August (588) than in June (1,178) or
July (716) of 2000, there was nearly a two-fold difference in the number of middle reach
marks recaptured from August marked groups (119) compared to the number of
recaptures from June (61) or July (63) marked groups (Table 7). There was also a
decreased level of sampling effort expended from 28 August to 7 October. Beginning
with the week of 28 August, sampling effort decreased from four visits to each of the
four sites per week to one visit per site for each week (except for the week of 25
September, when two visits were made to each site). From 16 June through 7 October,
large numbers of juvenile chinook salmon were captured by beach seine and examined
for marks: 3,422 in June, 4,730 in July, 3,466 in August, 672 in September, and 614 in

October (Appendix E).



Table 6. Marking location, dates of marking, number marked, number recaptured,
and days at large for juvenile chinook salmon marked and recaptured in the
Smith River estuary, California, 1999.

Marking Dates of Number Number Days at
Location Marking Marked Recaptured Large
Upper reach 20,22 July 449 * 6 4-6
4 5-7
S 7-9
7 11-13
2 19-21
2 20-22
Upper reach 26-27 July 235 15 2-3
13 6-7
1 14-15
6 15-16
Middle reach 28 July 498 " 3 6
2 12
3 15
1 22
2 31
Upper reach 2 August 263 10 3
1 8
1 9
1 17
Middle reach 3 August 289 ¢ 3 6
2 9
2 16
2 25
Upper reach 10-11 August 55 1 8-9

“Includes 172 fish captured from a site approximately 1 km above the estuary.
*Includes 81 fish captured from a site designated an upper reach site in 2000.
“Includes 88 fish captured from a site designated an upper reach site in 2000.



Table 7. Marking location, date of marking, number marked, number recaptured,

and maximum days at large for juvenile chinook salmon marked and recaptured in

the Smith River estuary, California, 2000.

Marking Date of Number Number

Location Marking Marked Recaptured  Days at Large

Upper reach 21 June® 170 4 2-15
28 June 40 0
Total 210 4
6 July 103 1 5
2 August 119 6 5-16
9 August 376 10 13-53
Total 495 16

Middle reach 15 June 724 24 1-32
22 June 147 9 11-28
29 June 307 28 1-36
Total 1178 61
7 July 156 15 4-31
13 July 254 25 1-26
20 July 204 14 1-72
27 July 102 9 1-37
Total 716 63
3 August 315 72 1-65 °
10 August 53 7 1-38
24 August 220 40 1-44 °
Total 588 119
17 September 97 9 6-20 °
24 September 107 7 6-13°
Total 204 16

?Fish marked on 21 June were marked at a site not sampled thereafter.

b Days at large for fish captured on the final day of sampling.

37
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In contrast to 1999, year 2000 sampling of the upper reach was primarily
conducted on the north bank. All middle reach sampling in 2000 occurred on the north
bank as well. It was common for fish marked and released in the middle reach to be
captured in the upper reach. About 19% (45 of 243) of all marked fish released in the
middle reach and recaptured in the estuary were captured in the upper reach (Appendix
E).

In 2000, a total of 808 fish were marked and released in the upper reach (Table
7). Twenty-one fish marked in the upper reach were recaptured, with nine of these

marked fish being recaptured in the middle reach.

Estimates of Disappearance Rate and Residence Time

Two separate models relating the number of recaptures to the number of days at
large were initially fit to the 2000 recapture data (Appendix E). One allowed
disappearance rate and capture probability to vary among release groups (Equation (4))
and another allowed disappearance rate to vary among release groups (Equation (5)).
For both models, chi-squared tests indicated that the effect of days at large on the
dependent variable (number of recaptures) was significant (p<0.0001). The effect of
release group on slope was also significant (p<0.0001). Residual deviances were
175.1615 on 236 residual degrees of freedom for the model assuming constant capture
probability, compared to 169.8218 on 228 residual degrees of freedom for the model
with varying capture probability. Only a relatively small decrease in residual deviance

was achieved with the inclusion of the eight additional terms needed to allow capture
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probability to vary. Therefore, the model assuming constant capture probability
(Equation (5)) was utilized for estimation and further analysis.

The August release groups were designated as the first two groups in the dummy
variable analysis. An August release group was used as the reference group, due to the
large number of middle reach marked fish recaptured from August mark groups
compared with the number of recaptures from either June or July mark groups (Table 7).
The 3 August release group was chosen as the reference group, because a substantially
greater number of marked fish were released on 3 August (315) than on 10 August (53).

Based on results of t-tests for each of the model coefficients (Table 8), I initially
placed individual release groups into two distinct categories, with the August release
groups comprising the first category, and the June and July release groups comprising
the second category. However, after fitting a dummy variable model separately to each
category, chi-squared tests indicated that release group did not have a significant effect
on slope for the first category (p=0.9147), but did have a significant effect on slope for
the second category (p=0.0369). Results of t-tests for slope coefficients of these separate
model fits (Appendix F) defined four categories: 1) the August release groups, 2) the 15
June release group, 3) the three groups released from 22 June to 7 July, and 4) the three
groups released from 13 July to 27 July. For each of these four categories, separate
dummy variable analyses revealed that days at large had a significant effect on the
number of recaptures (p<0.05), but release group did not have a significant effect on

slope (p>0.05) (Appendix G).



Table 8. Results of generalized linear model analysis relating the number of
recaptures to the number of days at large for marked juvenile chinook
salmon in the Smith River estuary, California, 2000. Refer to Equation (5)
for description of model parameters.

Release Standard
Date Parameter Estimate Error t value p

B, -4.4229 0.1487 -29.75 <0.0001
3-Aug B 0.0262 0.0089 2.95 0.0035
10-Aug B, 0.0025 0.0227 0.11 0.9132
15-Jun B, 0.1017 0.0179 5.67 <0.0001
22-Jun B, 0.0514 0.0183 2.80 0.0055
29-Jun B, 0.0511 0.0139 3.67 0.0003
7-Jul B, 0.0429 0.0167 2.56 0.0110
13-Jul B, 0.0822 0.0227 3.62 0.0004
20-Jul B, 0.1138 0.0353 3.23 0.0014

27-Jul B, 0.0628 0.0310 2.03 0.0439
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A final generalized linear model analysis was conducted, using the category of
August release groups as the reference category, to determine if fish released earlier in
the season (June, July release groups) disappeared from the estuary at a significantly
different rate from those released later in the season (August release groups). Chi-
squared tests indicated that the effect of days at large on number of recaptures was
significant (p<0.0001), and that the effect of category on slope was also significant
(»<0.0001). Based on t-tests conducted for the fitted generalized linear model
coefficients, all three June and July categories disappeared at a significantly different
rate from the category of August release groups (p<0.0001) (Table 9). The estimated
August disappearance rate was low, 0.0264. and the estimated mean residence time was
high, 38.33 d, as compared to those for other periods (Table 10). For June and July
categories, the estimated disappearance rates were considerably greater, ranging from
0.0751 - 0.1278, and estimated mean residence times were considerably less, ranging
from 8.34 — 13.82 d. Estimated residency half-lifes for June and July categories ranged

from 5.42 — 9.23 d, whereas the residency half-life for August groups was 26.24 d.

Simulations of Residence Time Estimation

For these simulations, the true mean residence time and residency half-life were
assumed to be 25.0 d, and an assumed exponential model was used to estimate mean
residence time based on mark-recapture data. Results from 10,000 simulations indicate
that the estimators for mean residence time (Equations (13), (14)) and residency half-life

(Equation (15)) would have serious negative bias if the logistic model were the correct



42

Table 9. Results of dummy variable analysis conducted through the use of generalized
linear models for estimating disappearance rate of designated categories of release
groups of marked juvenile chinook salmon in the Smith River estuary, California,
2000.

Release Standard
Category Date Parameter Estimate Error t value p
D, -4.4250 0.1485 -29.80 <0.0001
1 3-Aug D, 0.0264 0.0086 3.08 0.0023
10-Aug
2 15-Jun D, 0.1014 0.0178 5.71 <0.0001
3 22-Jun D, 0.0487 0.0107 4.55 <0.0001
29-Jun
7-Jul
4 13-Jul D, 0.0865 0.0174 4.96 <0.0001
20-Jul

27-Jul
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description of estuary use by juvenile chinook salmon. The expected values of estimated
mean residence time ranged from 8.18 — 10.84 d, and the expected values of estimated
residency half-life ranged from 5.32 — 7.16 d (depending on the choice of release date)
(Table 11). Compared to a true mean residence time and residency half-life of 25.0 d,
the expected values of these estimated values were only 33 — 43% and 21 — 29% of the
true values, respectively.

The timing of simulated mark and release affected the estimation of
disappearance rate by the exponential model. On average, fish marked and released later
in the season disappeared from the estuary at a faster rate; the expected value of the
estimated disappearance rate increased from 0.100 to 0.135 as the simulated release date
progressed from 1 July to 1 September (Table 11). Also, the expected values of the
estimated mean residence time and residency half-life varied over the course of the
simulated period of time. Relative to the assumed time of peak immigration into the
estuary (24 July), estimates based on mark and release groups prior to this date were
closest to the true value. Fish simulated as released in July had an expected value of
estimated mean residence time that was 43% of the true mean, compared to 39% for the

simulated August release group and 33% for the simulated September release group.

Size Trends

Sizes of Estuarine Captures

Similar trends in fish size were observed during 1998, 1999, and 2000. Fish

captured in the estuary typically showed an initially rapid increase in weekly mean size



Table 11. Summary of mark-recapture simulation results, based upon an
assumed logistic distribution of residence times and 10,000 total simulations.
E(2) = expected value of the estimated disappearance rate, E(/,) = expected

value of the estimated mean residence time, and E(¢

A~

) = expected value of

50%

the estimated residency half-life. The true mean and true half-life of the
simulated logistic distribution of residence times were 25.0 d.

Simulated Expected Values of Estimates

Release Date E(%) E(4,) E(t,,,)
1 July 0.100 10.84 d 7.16d
1 August 0.110 9.66 d 6.34d

1 September

0.135 8.18d 5.32d
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from June to early July, followed by a gradual increase in weekly mean size until early
to mid-August, when fish size began to increase rapidly again with time.

In 1998, fish size increased relatively rapidly from mid-June to mid-July, ranging
from 69.0 mm to 86.1 mm, gradually increased from mid-July to mid-August, ranging
from 86.1 mm to 89.1 mm, then rapidly increased from mid-August to late September,
ranging from 89.1 mm to 109.0 mm (n>20) (Figure 5, Appendix H).

In 1999, sufficient numbers of fish were captured to allow comparison of fish
size within the upper and middle reaches. Fish size increased gradually from late June to
mid-August of 1999, ranging from 75.1 to 83.5 mm fork length in the upper reach, and
from 80.5 to 85.1 mm fork length in the middle reach (n>20) (Figure 6, Appendix H).
From early August to late September of 1999, fish size increased rapidly, ranging from
83.5 to 106.7 mm in the upper reach, and from 85.1 mm to 109.2 mm in the middle
reach. Due to sporadic success in capturing fish in the lower reach, sample sizes
exceeded 20 fish in only four of the 14 weeks of sampling; weekly mean fork length
ranged from 81.4 to 88.1 mm from mid-July to mid-August.

From early June to early July of 2000, fish size increased rapidly, ranging from
73.1 — 86.7 mm in the upper reach and from 75.4 —84.9 mm in the middle reach. Fish
size increased slowly from early July to mid-August, ranging from 86.7 — 90.3 mm in
the upper reach, and from 84.9 — 88.2 mm in the middle reach (Figure 7, Appendix H).
From mid-August to early October, mean fish size again increased relatively rapidly
from 87.8 mm to 117.9 mm in the upper reach, and from 88.2 mm to 112.9 mm in the

middle reach.
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Figure 6. Weekly mean fork lengths (horizontal bars), 95% confidence intervals
(vertical bars), and sample sizes of juvenile chinook salmon captured and measured
in the upper, middle, and lower reaches of the Smith River estuary, California, 1999.
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bars), and sample sizes of juvenile chinook salmon captured and measured in the
upper and middle reaches of the Smith River estuary, California, 2000. Asterisks (*)
indicate sampling at south bank sites; all other sites were located on the north bank.
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Sizes of Fish Captured at the Screw Trap

From early June through late September of 1998, and from mid-June through
early August of 1999, size data on juvenile chinook salmon were collected for fish
captured at the screw trap located approximately 2 km above the estuary. Assuming that
fish captured in the screw trap located above the estuary were actively migrating
downstream, the mean size of these fish should be close to the mean size at the time of
estuary entrance. The trend in fish size observed at the screw trap generally paralleled
that of the estuary, with sizes gradually increasing from June to August, and rapidly
increasing from August to late September (Figure 8, Appendix I).

Sizes of Recaptured Fish

Because marked fish were not individually tagged, and relatively few marked
fish were recaptured, it was not possible to statistically analyze the growth of marked
fish. Mean fork lengths of marked and recaptured fish are, however, presented in

Appendix J.

Estimates of the Proportion of Hatchery Fish

Recovery of Maxillary-clipped Fish in 1999

In 1999, estimated daily proportions of hatchery fish peaked within the three
different study reaches at 1 to 33 d following the final release date (Figure 9, Appendix
K). Estimated daily proportions of hatchery fish reached a maximum of 0.23 (33 fish
examined) in the upper reach on 25 June, one day following the final release on 24 June

1999. The maximum estimated daily proportion of hatchery fish for the middle reach
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screw trap located above the Smith River estuary, California, 1998 and 1999.
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Figure 9. Estimated proportions of juvenile hatchery chinook salmon within the
upper, middle, and lower reaches of the Smith River estuary, California, from
21 June through 24 September, 1999. The number of fish examined for marks
is indicated above estimates based on fewer than 30 fish. Sampling in the
middle and lower reaches was initiated on 2 July and 16 July, respectively.
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was 0.16 (275 fish examined) on 27 July, 33 days following the final release. The
maximum estimated daily proportion of hatchery fish for the lower reach was 0.33 (294
fish examined) on 16 July, 22 days following the final release date.

The daily proportion of hatchery fish was also estimated for the freshwater area
within 2 km above the estuary based on sampling from 21 June to 2 August. Based on
the examination of greater than 30 fish on a given sampling date, the maximum
estimated daily proportion of hatchery fish was 0.55 (218 fish examined) on 12 July, 18
days following the final release date (Appendix K).

Recovery of Fish Marked with AD-CWT in 2000

In the upper reach, when greater than 30 fish were examined, estimated daily
proportions of hatchery fish reached a maximum of 0.27 (130 fish examined) on 238
June, 16 days following release (Figure 10, Appendix L). The maximum value for the
estimated daily proportion of hatchery fish in the middle reach was 0.31 (556 fish
examined) on 16 June, 4 days following release.

Hatchery-marked fish were captured as late as 18 September in 1999 (86 d post-
release) and 25 September in 2000 (104 d post-release). These late recaptures indicate

that at least some hatchery fish were residing in the estuary for extended periods of time.
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DISCUSSION

Results of Residence Time Estimation

Fingerling smolts tend to take greater advantage of estuaries within the southern
range of the Pacific Northwest, most notably in Oregon (Healey 1991). Healey (1982)
hypothesized that fingerling smolts may not spend extended periods of time in the
estuaries of British Columbia, due to the abundance of sheltered coastal habitats in these
northern areas. In contrast, juvenile chinook salmon may depend on the sheltered habitat
provided by estuaries on the more open coast of Washington, Oregon and California, and
therefore may stay longer in these estuaries. For Washington coastal estuaries,
Simenstad et al. (1982) reported individual residence times for chinook salmon ranging
from 6 d — 189 d. Nicholas and Hankin (1988) found that for Oregon estuaries, juvenile
chinook salmon typically entered in May and, as a species, remained in the estuary
through mid-summer or fall. Fisher and Pearcy (1990) found that juvenile fall chinook
salmon remained in Coos Bay, Oregon, for approximately one to two months prior to
ocean entrance. Based on scale analyses of adult chinook salmon returning to the Sixes
River, Reimers (1973) found that most of the returning adults had a life history of
rearing in freshwater habitat and the estuarine environment for about three months each.

In this study, estimated mean residence times ranged from 8.3 d - 38.3 d for
categories of groups of estuary-captured chinook salmon that were marked and released
from 15 June through 10 August of 2000 (Table 10). For groups released in June and
July, the mean residence times ranged from 8.3 to 13.8 d, compared to a mean residence

time of 38.3 d for August release groups. The influence of unmarked hatchery fish on

55



56

estimates of mean residence time for release groups in June and July is unknown. Based
on estimated daily proportions of hatchery fish, it appears that the majority of fish in the
estuary were wild fish (Figures 9, 10). Residence time estimates from the Smith River
estuary, California, suggest that juvenile chinook salmon spend an extended period of
time in the estuary, and that fish entering later in the season reside in the estuary longer
than those entering earlier in the season. In the nearby Klamath River, California,
juvenile chinook salmon entering the estuary later in the season (August and September)

also stayed longer than those entering earlier (June and July) (Wallace 2000).

Critigue of Prior Methods Used for Estimating Residence Time

Researchers have typically used mark-recapture experiments to develop
estimates of residence time (Healey 1980, Congleton et al. 1981, Myers and Horton
1982, Levings et al. 1986, Macdonald et al. 1988), but few of these researchers have
provided a clear description of the methods used to estimate “mean residence time”.
Some common problems observed in past research regarding residence time estimation
involve: 1) lack of standardization of capture methods, 2) questionable methods of
estimating disappearance rate, 3) ambiguous or inconsistent definition of “mean
residence time”, and 4) lack of discussion regarding whether an exponential decay model
is biologically appropriate.

Healey (1980), Myers and Horton (1982), Levings et al. (1986), and Macdonald
et al. (1988) all fit an exponential model to the declining pattern of catch-per-unit-effort

(CPUE) of marked fish to estimate a disappearance rate. CPUE has typically been
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assumed to be proportional to the abundance of marked fish present within the estuary.
It has been expressed as the average number of recaptures per set (Healey 1980), mean
daily number of recaptures per week of sampling (Myers and Horton 1982), or as the
average number of recaptures per successful (non-zero catch) set (Macdonald et al.
1988). The most common calculation for the CPUE of marked fish (e.g., Healey 1980,
Macdonald et al. 1988) can be expressed as: CPUE=C)/E}, where Cy is the total number
of fish recaptured in all sets on day k, and £ is the number of sets conducted on day &.
For the relationship of CPUE and actual abundance to be consistent over time, capture
probability must be assumed to be proportional to the amount of recapture effort
expended.

In past studies that relied on the use of CPUE to estimate residence time, there
was substantial variability in recapture effort across sampling periods. For example,
Healey (1980) conducted a variable number of beach seine sets per recapture day across
the sampling period. Such variability may produce an inconsistent relationship between
CPUE and abundance. If a single set catches the majority of fish at a particular location,
then subsequent sets may yield few fish. Therefore, if only one set were made, then
CPUE would be much higher than it would be if multiple sets were made. Levings et al.
(1986) conducted the same number of sets per location, but during each sampling
occasion (3-4 d) visited each location a variable number of times. It may be
unreasonable to assume that the probability of catching a fish at one particular location is
the same as that for another location. Validity of the aforementioned assumptions is

therefore problematic when recapture effort is carried out in a non-standardized fashion.
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For the 2000 field season, special emphasis was placed on standardization by
sampling the same locations of the Smith River estuary during each day, with the same
number of sets conducted at each site. Seining operations were also standardized by
sampling only during incoming tides. Recapture effort was the same for each sampling
day, thereby making it likely that capture probability was constant over time. Therefore,
it was also likely that the number of marked fish recaptured on a given sampling day
provided a consistent index of the number of marks actually present in the estuary.

The process of estimating a disappearance rate has been described adequately
(Healey 1980, Congleton et al. 1981, Levings et al. 1986, Macdonald et al. 1988),
although the methods used have been questionable at times. Because the natural
logarithm of CPUE is regressed against days at large, problems arise when CPUE is zero
for a given sampling day, but few papers have addressed this issue. Healey (1980) did
not explicitly mention how zero values for CPUE were handled in his regression
analysis, but it appears that these zero values were not included in his regression
procedures. Levings et al. (1986) altered their data by adding a value of one to each
calculated CPUE before conducting their analysis. Macdonald et al. (1988) excluded
zero CPUE values from their data. Instead of utilizing CPUE, Congleton et al. (1981)
used estimated population size as the dependent variable. These methods are either
inaccurate, using altered or incomplete data sets (Healey 1980, Levings et al. 1986,
Macdonald et al. 1988), or, in the case of Congleton et al. (1981), indirect, performing

regression analyses on estimated values rather than actual observed values.
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For this study, I attempted to utilize collected data in the most direct way
possible. The dependent variable was the number of recaptured juvenile chinook
salmon. Data expressed in the form of counts do not typically have a normal error
distribution. Instead, a Poisson error distribution is more appropriate for such data
(McCullagh and Nelder 1989). The method of generalized linear models was used for
the first time to our knowledge, in the context of estimating mean residence time for
salmonids in estuaries. Generalized linear models allow specification of a non-normal
error distribution, and also allow zero values for the dependent variable to be included in
the analysis.

Mean residence time has either not been defined clearly (e.g., Healey 1980,
Levings et al. 1986) or consistently (e.g. Congleton et al. 1981, Macdonald et al. 1988)
by past researchers, making evaluations of these estimates difficult. Even when mean
residence time has been defined, variations have existed in the terminology and methods
used. Congleton et al. (1981) estimated a “weighted mean residence time” by averaging
the mean time to disappearance of each 10% of a marked group. A “mean residence
time” was calculated by Macdonald et al. (1988) by substituting the mean CPUE of
marked fish into their fitted regression equation, and solving for time. Although such
estimates may provide some crude measures of mean residence time, precisely what
these measures represent is unknown and unspecified. In this study, mean residence
time was defined as the expected number of days spent in the estuary by an individual

fish (see Equation (7)).
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None of the studies referenced previously have addressed whether the
exponential model is truly appropriate for describing the nature of estuary entrance and
exit by juvenile chinook salmon. The bias of an estimate of mean residence time
depends, in part, on how closely an exponential model approximates true behavior.
Estimation of a disappearance rate from mark-recapture data does not necessarily rely on
any assumptions being met; such a rate can be validly estimated as part of a curve-fitting
exercise. However, if the estimated disappearance rate is thereafter used to estimate
mean residence time, one must invoke an assumption that the probability of leaving the
estuary on a given day is independent of the amount of time that a juvenile has spent

previously in the estuary.

Implications of Computer Simulations

To examine how a time-dependent probability of leaving the estuary would affect
estimation of mean residence time, computer simulations were conducted. Results of
computer simulations based on a logistic distribution of residence times suggest that
mean residence time will be severely underestimated if the probability of leaving the
estuary depends on prior time spent in the estuary. Estimated mean residence times for
simulated groups of marked fish released on 1 July (10.84 d), 1 August (9.66 d), and 1

September (8.18 d) were all less than half of the true mean residence time of 25 d (Table
11).
Biological factors that could affect the probability of an individual fish leaving

the estuary include growth and the physiological transition to seawater. Either factor



61

would likely increase the probability of an individual fish leaving the estuary with
increased time spent in the estuary. Based on simulation results, it therefore appears
likely that the usual estimator for mean residence time (see Equation (13)) is negatively
biased for all groups of fish marked during the experiment.

Assuming that the physiological preparation for transition to seawater affected all
release groups the same, the probability of an individual leaving the estuary on a given
day may have differed among release groups due to varying patterns of estuarine use.

Size trends of estuary-captured fish suggest that at least some chinook salmon were
increasing in size during residence in the Smith River estuary, and that there may be at
least two distinct patterns of estuarine use. It appears that fish arriving in the estuary
earlier in the season do not reside as long or grow as much (if at all) as those arriving
later in the season. In contrast, there is evidence of increased growth and extended
residence for fish marked and released during August.

The lack of recaptures from June and July release groups indicates that few fish
from that release group were residing for an extended period in the estuary, hence few
tish were staying long enough to experience substantial estuarine growth. Size trend
data support this contention; there was only a gradual change in weekly mean fork
length for fish captured in June and July as compared to August and September, when
there was a rapid increase in weekly mean fork length (Figure 7). Size trends at the
screw trap (located above the estuary) suggest that fish also enter the estuary at a larger
size in August and September (Figure 8). However, based on results regarding residence

time, fish marked in June and July appear to be using the estuary differently from those
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marked in August. The estimated mean residence time for the category of August
release groups (38.33 d) was nearly three times greater than any of the estimates of mean
residence time for June or July categories (8.34 — 13.82 d) (Table 10). Based on
estimates of mean residence time and observed size trends, fish marked in June and July
probably experienced only limited or no growth, whereas fish marked in August were
highly likely to be growing. Hence, the estimator for mean residence time may be the
most biased for fish marked in August.

While these computer simulations provided valuable insight, it is important to
note that more research is needed to determine what is the most likely distribution of
residence times for juvenile chinook salmon in a “typical” estuary of the Pacific
Northwest. I used the logistic distribution because it allowed the probability of leaving
the estuary to change (increase) with an increasing amount of time an individual spends
in the estuary. The logistic distribution is not necessarily an accurate reflection of the
true distribution of individual residence times, however acquiring information about the

true distribution of residence times for chinook salmon in an estuary may require
investigations on an estuary where it is possible to trap and mark fish as they enter and
leave, ideally with some kind of passive capture technique. This type of study would
require marks identifying individual fish, and may only be possible on rivers smaller

than the Smith River.
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Proportions of Hatchery Fish

The proportion of hatchery chinook salmon in the Smith River estuary has not
been estimated prior to this study. In 1999, when hatchery fish were released 2 km
above the estuary, I found that the estimated daily proportion of hatchery fish reached
maximums of 0.23 at 1 d post-release in the upper reach, 0.16 at 33 d post-release in the
middle reach, and 0.33 at 22 d post-release in the lower reach (Figure 9, Appendix K).
Estimated daily proportions of hatchery fish in the estuary remained relatively constant
(about 0.15) through late July, nearly a month after the final release. In limited sampling
above the estuary, the maximum estimated daily proportion of hatchery fish was 0.55
(218 fish examined) on 12 July, 18 days following the final release date (Appendix K).

In 2000, when fish were released into Rowdy Creek, estimated daily proportions
of hatchery fish reached maximums of 0.27 in the upper reach 16 d after the release of
marked fish, and 0.31 in the middle reach 4 d after the release of marked fish (based on
sample sizes of greater than 30 fish examined) (Figure 10, Appendix L). Following 11
July, about one month after the release of marked fish, estimated daily proportions of
hatchery fish did not exceed 0.10.

Based on these estimates, the proportions of hatchery chinook salmon in the
Smith River estuary were at times substantial. Particularly when fish were released
above the estuary, there appears to be potential for competition between wild and
hatchery fish. Patterns of estuary use in the Smith River may be similar for wild and
hatchery fish. Because some hatchery-marked fish were captured as late as September,

it seems that some hatchery fish reside in the estuary for at least as long as wild fish.
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Past research (Levings et al. 1986, Fisher and Pearcy 1990) also suggests that hatchery-

released chinook salmon may grow in estuaries at rates similar to wild fish.

Conclusions

Based on this study, there is substantial evidence that juvenile chinook salmon
spend an extended period of time in the Smith River estuary. There were at least two
distinct patterns of estuary use. Juvenile chinook salmon marked and released later in
the season (i.e. August) remained in the estuary for significantly longer periods of time
than those marked in June or July. This dichotomy of estuarine use by juvenile chinook
salmon has also been described by Wallace (2000) for the Klamath River estuary. It also
appeared, based on overall estuary size trends and estimated mean residence times, that
fish arriving in the estuary late in the season (i.e. August) may have experienced
substantial growth in the estuary. Data collected in other studies also supports a finding
that juvenile chinook salmon exhibit substantial growth in other Pacific Northwest
estuaries. Such growth implies that the underlying assumption of a time or size-
independent probability of leaving the estuary is not valid. Computer simulations based
on a time-dependent probability of leaving the estuary indicated that use of the
exponential model under these circumstances could lead to severe negative bias in
estimates of mean residence time. The importance of this result is that many studies
may have underestimated the amount of time that juvenile anadromous salmonids spend
in estuaries. Consequently, fisheries biologists may not fully appreciate the value of

estuaries for these fish. I strongly urge that future research be conducted to find a more



appropriate model for estimating mean residence time for chinook salmon based on
mark-recapture. In most river systems, the typical assumption of a time-independent

probability of leaving the estuary is unrealistic.
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Appendix B. Simulation of a logistic distribution of residence times for fish entering an
estuary.

Two separate computer programs were written (using S-Plus Version 3.3) to
show that simulating a logistic distribution of residence times for all fish entering the
estuary was mathematically equivalent to simulating a logistic distribution of residence
times for each daily group of fish entering the estuary. For both approaches, I assumed
an entrance pattern where 1,000 fish entered on day 1, 5,000 on day 2, and 2,000 on day
3. 1 assumed a mean of 8.0 and variance of 0.7 n* for the logistic distribution of
residence times. In program “sim1dz022803”, I simulated the distribution of residence
times for all fish entering the estuary only once per repetition, whereas in program
“hankest022803”, I simulated a logistic distribution of residence times for each daily
group of fish entering the estuary. The simulated numbers of fish remaining in the
estuary on dates 5, 10, and 15 (exprem5, exprem10, and exprem15) were calculated to
determine if the two programs generated equivalent calculations of the expected
numbers of fish remaining in the estuary as a function of the number of days following

tagging. The results from 10,000 repetitions of the two simulation processes were:

> 51ml1dz022803 ()

exprem5 expremlO expreml5
[1,] 7992.412 4306.551 10.679
> hankest022803 ()

exprem5 expreml(O expreml5
[1,] 7992.372 4307.475 10.723 .

After conducting the first run of simulations, I edited the computer programs to include

variance among the 10,000 calculations of the number of fish remaining on dates 5, 10,
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Appendix B. Simulation of a logistic distribution of residence times for fish entering an
estuary (continued).

and 15 (var$, varl0, and varl5). The following are results from the second run of
simulations:

> s1mldz022803 ()

expremb var5 expremlO varl0 expreml5 varlb
{1,) 7992.426 7.426126 4306.53 1704.134 10.7085 10.66479
> hankest022803 ()

expremb var5 expremlO varl0 expremlb5 varlb
[1,) 7992.367 7.463484 4307.405 1695.453 10.7484 10.54215

I considered the aforementioned results to be evidence of mathematical equivalence

between the two different simulation approaches.



Appendix C. Date and number of juvenile chinook salmon captured at the

screw trap located approximately 2 km above the Smith River estuary,

California, 1998-1999.

Number Number Number
Date Captured Date Captured Date  Captured
05/18/98 6 07/20/98 202 09/11/98 4
05/19/98 6 07/21/98 138 09/14/98 2
06/05/98 0 07/22/98 130 09/16/98 9
06/08/98 2 07/23/98 127 09/18/98 2
06/09/98 25 07/24/98 226 09/21/98 8
06/10/98 21 07/27/98 218 09/23/98 12
06/11/98 24 07/28/98 152 06/17/99 8
06/15/98 3 07/29/98 104 06/18/99 31
06/16/98 29 07/30/98 135 06/23/99 35
06/17/98 24 07/31/98 108 06/24/99 11
06/18/98 23 08/03/98 33 06/25/99 61
06/22/98 56 08/04/98 120 06/26/99 9
06/23/98 36 08/05/98 105 06/29/99 6
06/24/98 70 08/06/98 97 06/30/99 29
06/25/98 57 08/11/98 48 07/01/99 37
06/29/98 45 08/12/98 56 07/02/99 117
06/30/98 58 08/13/98 100 07/03/99 55
07/01/98 101 08/14/98 60 07/07/99 73
07/02/98 75 08/17/98 34 07/08/99 74
07/06/98 47 08/18/98 25 07/09/99 82
07/07/98 20 08/19/98 25 07/10/99 42
07/08/98 45 08/20/98 34 07/13/99 32
07/09/98 34 08/25/98 17 07/14/99 39
07/13/98 89 08/29/98 5 07/15/99 40
07/14/98 127 08/30/98 7 07/16/99 53
07/15/98 111 09/02/98 5 07/19/99 19
07/16/98 117 09/07/98 11 07/21/99 28
07/17/98 70 09/09/98 2 08/04/99 46
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Appendix D. Location, date, and number of juvenile chinook salmon captured
by beach seine, Smith River estuary, California, 1998-1999.

Location Number  Location Number  Location Number
Date Captured Date Captured Date Captured

Upper Reach Upper Reach 07/15/99 188
06/08/98 25 06/25/99 33 07/23/99 157
06/22/98 27 07/01/99 13 07/27/99 275
06/29/98 23 07/08/99 19 07/28/99 551
08/17/98 25 07/13/99 86 07/29/99 74
09/07/98 12 07/15/99 17 08/03/99 379

Middle Reach 07/20/99 106 08/05/99 87
06/22/98 10 07/21/99 250 08/09/99 282
07/06/98 18 07/22/99 217 08/12/99 436
07/13/98 37 07/23/99 22 08/19/99 202
08/17/98 25 07/26/99 180 08/28/99 499
09/14/98 24 07/27/99 79 09/04/99 533

Lower Reach 07/28/99 84 09/18/99 183
06/22/98 25 07/29/99 124 09/24/99 96
09/21/98 10 08/02/99 277 Lower Reach

Above Estuary 08/03/99 93 07/16/99 294
06/21/99 24 08/05/99 60 07/23/99 47
06/30/99 25 08/10/99 60 07/29/99 7
07/01/99 27 08/11/9% 221 08/04/99 89
07/08/99 9 08/19/99 45 08/10/99 33
07/12/99 218 08/28/99 31 08/19/99 1
07/13/99 158 09/04/99 24 08/28/99 1
07/14/99 239 09/18/99 87 09/04/99 0
07/20/99 133 09/24/99 46 09/18/99 0
07/22/99 139 Middle Reach 09/24/99 19
07/27/99 69 07/02/99 98
08/02/99 10 07/09/99 182

73



o 0 0 n ol
8 v b W $0S  00/€0/LO
o 0 0 n
b0 T o W €I 00/0€/90
0 I W 6T€  00/67/90
0 I . 0 1€ 00/82/90
0 0 n 9
0 0 JW 67 00/LT/90
0 b W 6SS  00/92/90
0 0 n 6
0 I W 661  00/£2/90
I WSS 00/22/90
0 » N LYT  00/1T/90
€ W 0pS  00/0T/90
0 n 6l
0 W 65  00/61/90
0 N 6
S W 9SS 00/91/90

q

LOT L6 0CC €S SIt TOl +0CT ST 9SI  LOE LyI +$TL HequinN - 'O07 ‘wexy
v7/6 L1/6 vT/8 O1/8 €8 LTL OUL €UL LIL 679 TY9 S1/9  Preq deosy ysifjo  ame(
pases[ay pue payle|\ JaqunN pue a1 Iaqunpn

¢'000 ‘BlUIOfI[R)) *AIenisa ALY {Hus
9Y) JO YyoBal S[ppIW 3y} ul pasea[al pue payrew sdnoid 10§ parmdesal ysiy jo sraquunu pue ‘(yoeal 1addn =
‘goeal 3[ppIwl = JA]) Uoned0} anjdesal ‘paurexa uowfes yoouryd sjuaan( jo siaqunu ‘e “q xipuaddy

74



75

3 I 0 I 0 W TIC 00/0T/L0
0 0 0 0 0 n o 00/61/L0
0 0 0 0 0 n ¢
0 0 0 0 0 A 4| 00/81/L0
0 I 0 0 0 N ecl
14 ¢ [4 [ [ WS¢t 00/L1/L0
0 0 0 0 0 n 9l
L [é [4 0 0 W SyT  00/v1/L0
I 0 0 0 W 99C 00/¢1/L0
0 0 0 0 n L 00/T1/L0
0 0 0 0 n s
I I I 0 W vCCT  00/11/L0
0 0 0 0 n vl
0 0 ! 1 W ¥$21  00/01/L0
I 0 0 W 8ST  00/L0/LO
0 1 0 1 S0L  00/90/L0
4 0 0 667
¢ 0 0 N 191  00/50/L0
Lo L6 0TC £S5 SIt <0l +v0T ST 9S1  LOE Lyl HCL QN 07T ‘wexy
va/6 L1/6 vT/8 01/8 ¢€/8 LT/L OCTL UL LIL 6T/9 TT9 S1/9 e 'deody ysryjo  AkeQq

Pasea[ay pue payiey JoquinN pue je( IaqunpN

. (PANUNU0D) 00O ‘BIUIOJI[R)) “AIBN]SS JSATY YIIWS
3y} JO Yoeal d[ppIwl Y} Ul pased[al pue paxrew sdnoid 10§ painidesal ysij Jo syaquinu pue ‘(yoear 1addn = )
‘qoeal 3[ppIul = JA) UONed0] aInjdedsal ‘pauriexa uowes Joouryd afiuaAn{ jo sraqunu de( “J xipuaddy



76

14 0 0 0 0 0 0 0 1 90l
£l I 0 0 0 ! 0 0 W LIT  00/v0/80
[ [ 0 0 0 0 0 W 9t 00/£0/80
0 [ [ 0 0 0 0 n 61 00/20/80
0 [ [4 0 0 0 0 n ¢l
0 0 4 [ 3 0 0 N Sy 00/10/80
! 0 0 0 0 0 0 n e
0 [é ! 0 0 0 0 » W 80L  00/1¢/L0
0 0 0 0 0 0 0 n ¢
[ 0 [€ 0 0 0 0 W SL 00/8¢/L0
0 0 0 0 0 0 W OIl  00/LT/L0
0 0 0 0 0 0 n o 00/9¢/L0
0 0 0 0 0 0 n 9l
[ 4 14 ! 0 0 W 102 00/ST/L0
0 0 0 0 0 0 n It
[4 0 0 0 0 0 W 11T 00/¥T/L0
0 0 0 0 0 0 N 9
(4 0 [4 0 0 0 N pST 00/12/L0
LOT L6 0CC ¢S SIE TOI vOT ST 9SI LOE Lyl +$ZL equnN - "OT wexy

ve/6 L1/6 vT/8 O1/8 €8 LT/L OCUL Cl/L LiL

67/9 TU9 S1/9  Preq  deody ysiyjo  de(d

Pasea[ay] pue payIejy loqunyN pue e

JaqunN

. (PANUNU00) (OOT ‘eluIojI[e)) ‘A1en)Sa JaATY YHwg
3Y) JO YoBa1 J[ppIW Y Ul pases[al pue payrew sdnoid 10§ painydesas ysy jo szaqunu pue ‘(yoeal 1oddn = n
‘goeal 9[ppIWl = JA)) UoNed0] 21njdedar ‘paunuexd uowfes yoouryd afiuaan( jo srequinu ‘de(q - xipuaddy



77

0 0 0 0 0 0 0 0 0 n ¢
0 3 0 0 0 0 0 0 0 W  ¢v01  00/12/80
0 1 1 0 0 0 0 0 0 o6l
0 [é 0 0 0 0 0 0 0 W <¢o1  00/81/80
0 0 0 0 0 0 0 0 0 W ¢ 00/L1/80
0 0 0 0 0 0 0 0 0 1 8¢ 00/91/80
0 0 0 0 0 0 0 0 0 a9
[ (4 0 0 0 0 0 0 0 W vb 00/51/80
0 0 0 0 0 0 0 0 0 1 8l
| 14 0 0 0 0 0 0 0 W €1 00/+1/80
1 9 0 0 0 0 0 0 0 n 1Ivi
0 [4 0 0 0 0 0 0 0 W ¢ 00/11/80
0 0 0 0 0 0 0 0 N €S 00/01/80
3 0 0 0 0 0 0 0 1 $8¢  00/60/80
! ! 0 I 0 0 0 0 n sic
3 0 I 0 0 0 0 0 W 8L 00/80/80
! ! [4 0 0 0 0 0 n ecl
14 ! 0 0 I 0 0 0 W 691  00/L0/80

L0l L6 0CC €S SIE 201 $0T ¥ST 9S1 LOE Ll +ZL :d_quny 007 ‘wexq
b6 LI/6 vy/8 OL/8 €8 LTL OTL SUL UL 6T/9 TU9 S1/9  oed -deody ysigjo o
pasea(ay pue payIey Joquiny pue e 1PqUInN

» (PANUNUOD) ()((Z ‘BILIOJI[E)) ‘AIeNISS IDATY YIWS
Y} JO yora1 3]ppIWl Y} Ul paseajal pue padrew sdnoid 10§ pamydesar ysiy jo szoquinu pue {(yoeas 1oddn =
‘Yoral S]PPIW = JA]) UONBI0] IMdedal ‘paultuexa UOW[es Joouryd djiuaan( jo sroquinu ‘e g xipuaddy



78

[ 0 0 0 0 0 0 0 0 0 0 0 n v
¢ ¢ 4 0 [ 0 0 0 0 0 0 0 N 80t  00/10/01
[ 0 [ 0 0 0 [ 0 0 0 0 0 n 8¢l
0 0 [ 0 0 0 0 0 0 0 0 0 N LT 00/0¢£/60
3 or 0 I 0 0 0 0 0 0 0 N vl 00/vC/60
[ 0 0 0 0 0 0 0 0 0 0 ¢t 00/£2/60
8 [ [ 0 0 0 0 0 0 0 W Sel 00/L1/60
! 0 0 0 0 0 0 0 0 0 n 6c 00/91/60
0 0 0 0 0 0 0 0 0 0 n ¢l
[ 0 [ 0 0 0 0 0 0 0 N 6P 00/01/60
0 0 0 0 0 0 0 0 0 0 n o
I 0 [€ I 0 0 0 0 0 0 W €0l 00/20/60
I 0 0 0 0 0 0 0 0 0 n 6
8 0 v 0 0 0 0 0 0 0 W  9vl  00/5¢/80
0 9 0 0 0 0 0 0 0 W 0S¢ 00/tvC/80
0 [ 0 0 0 0 0 0 0 n dl 00/£¢/80
0 0 0 0 0 0 0 0 0 n +9
[4 13 0 0 0 0 0 0 0 W 971  00/CZ/80
LOT L6 0TC €5 Sle TOl +0T ST 9SSl LOE Lyl +HCL -lequaN 0T "wexy
ve/6 L1/6 v/ O1/8 ¢/8 LT/L OCT/L E1/L L/IL  6C/9 TT/9 S1/9 e deody ystjjo  9rQ
Pasea]ay pue payIe[A JoquInN pue e(] oqump

. (PoNUNUO02) )POT ‘BILIOJI[ED) *ATENISS 1A YIWS
3Y} JO YOrAI S[PPIW Y} Ul Pased]al pue payrew sdnoid 10y parmydedas ysyy jo sraquunu pue (yoear 1addn =
“4ora1 o[ppIul = JA)) uonedo] 21nidedal ‘paurwiexa uowes yoouryd d[uaAn{ jo sioqunu ‘sjeq ‘A xipuaddy



79

"3} JAU10 3y} Je PIJONPUOD 1M $13S OM) (SIS YOBII J[PPIW 0M) 3} JO 3UO JB PIJONPU0D Sem 39S 3U0 AJUQ ,

19183134} PAYISIAQL JOU Sem 11 (17/9 U0 paIjdures sem 1S [euonippe auQ |

‘sKep Buijdwes asay) JuLnp pajisia JoU sem SIS PJeudISap om) 3y} Jo dUQ .

"A[nf ¢ uo Suruuidaq yoeas o[pprut uay} yoear 1addn 01 yoeas 1addn usy) yoear sjppiwr woiy pasueyd
Surdures Jo 19p10 9y, "pagueyd d1am YIS Yoear raddn om) dy) JO suoed0] 9Y) ‘g7 dunf uo Juruuwidag ,

[4 [4 ¢ 0 ! 0 0 0 0 0 0 0 p W CIT  00/L0/01
0 0 [4 0 ! 0 0 0 0 0 0 0 n 06 00/90/01
LOT L6 0TC ¢S  Sle T v0C ST 9ST  LOE Lyl pTL -_qunN - D0 "Wexy

ve/6 L1/6 vT/8 O1/8 €8 LT/L OCT/L €UL LIL  6T/9 TL9 SI1/9 e 'desdy ysiyjo o deq

Pasea[ay pue payIe|y JoqunN pue e(] Iaquny

. (PANUNU02) (OOT ‘BIWIOJI[B)) “AIBNiS? ISALY] YIS

A} JO Yoral J[ppIut dY) Ul pasea(dl pue paylew sdnoid 105 parmydedsar ysy Jo sraquinu pue ‘(yoeal raddn = )

‘Yora1 o[ppIul = JA)) uonedo[ aInidedsal “paurwiexd uowes Joouryd afruaan{ jo sioquinu ‘sje(q A xrpuaddy



Appendix F. Results of t-tests conducted for slope coefficients of generalized
linear models fitted to two categories of release groups of marked juvenile
chinook salmon from the Smith River estuary, California, 2000.

Release Slope Standard
Category  Groups Coefficient Error t value p

1 3-Aug 0.0230 0.0109 2.1105 0.0442
10-Aug 0.0024 0.0223 0.1062 0.9162

2 15-Jun 0.1312 0.0195 6.7376 <0.0001
22-Jun -0.0514 0.0237 -2.1702 0.0311
29-Jun -0.0515 0.0203 -2.5329 0.0120
7-Jul -0.0597 0.0224 -2.6705 0.0082
13-Jul -0.0194 0.0268 -0.7242 0.4698
20-Jul 0.0129 0.0381 0.3382 0.7356
27-Jul -0.0390 0.0342 -1.1388 0.2561
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Appendix H. Week, sample size (n), location (upper reach, middle reach, lower

reach), mean fork length (mm), and standard deviation (SD) for juvenile chinook
salmon captured using beach seine, Smith River estuary, California, 1998-2000.

Location Fork Length Location Fork Length
Week of: n Mean SD Week of: n Mean SD
1998 Upper Reach
Upper Reach 09/13/99 87 103.9 6.60
06/08/98 25 69.0 7.13 09/20/99 46 106.7 8.89
06/22/98 27 70.4 8.50
06/29/98 23 80.2 7.52 Middle Reach
08/17/98 25 88.1 4.55 06/28/99 98 83.2 7.70
09/07/98 12 111.9 7.04 07/05/99 182 80.5 9.39
07/12/99 122 80.5 9.28
Middle Reach 07/19/99 145 83.7 9.01
06/22/98 10 69.3 8.58 07/26/99 716 85.1 8.25
07/06/98 18 75.7 6.87 08/02/99 463 81.4 8.31
07/13/98 37 86.1 5.52 08/09/99 486 84.4 8.78
08/17/98 25 90.2 6.30 08/16/99 98 89.0 7.80
09/14/98 24 109.0 6.72 08/23/99 184 92.1 8.01
08/30/99 105 96.6 8.29
Lower Reach 09/13/99 164 104.4 6.89
06/22/98 25 73.0 9.16 09/20/99 32 109.2 6.32
09/21/98 10 107.3 9.23
Lower Reach
1999 07/12/99 291 81.4 9.32
Upper Reach 07/19/99 43 82.4 7.54
06/21/99 33 75.1 9.00 08/02/99 87 85.1 6.65
06/28/99 13 77.2 5.75 08/09/99 33 88.1 6.63
07/05/99 19 69.4 9.74 08/16/99 1 83.0 -
07/12/99 103 75.4 8.52 08/23/99 1 84.0 --
07/19/99 592 78.7 7.97 09/20/99 19 100.4 10.02
07/26/99 467 78.6 8.91
08/02/99 429 79.7 7.54 2000
08/09/99 281 83.5 8.56 Upper Reach
08/16/99 45 80.6 8.78 06/05/00 98 73.7 6.76
08/23/99 31 92.7 7.00 06/12/00 239 73.1 6.26
08/30/99 24 93.4 6.01 06/19/00 305 75.9 7.28
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Appendix H. Week, sample size (n), location (upper reach, middle reach, lower

reach), mean fork length (mm), and standard deviation (SD) for juvenile chinook
salmon captured using beach seine, Smith River estuary, California, 1998-2000

83

(continued).
Location Fork Length Location Fork Length
Week of: n Mean SD Week of: n Mean SD
Upper Reach Middle Reach
06/26/00 164 82.3 6.29 06/05/00 372 75.4 8.16
07/03/00 297 86.7 6.71 06/12/00 1064 80.9 7.29
07/10/00 162 84.8 6.52 06/19/00 585 83.9 7.22
07/17/00 112 87.9 5.97 06/26/00 553 83.0 7.04
07/24/00 60 86.6 5.40 07/03/00 435 84.9 6.93
07/31/00 483 87.8 6.38 07/10/00 376 85.0 6.56
08/07/00 602 90.3 6.64 07/17/00 583 86.6 5.70
08/14/00 91 91.1 4.90 07/24/00 384 85.9 6.20
08/21/00 88 93.9 6.27 07/31/00 516 87.7 6.64
09/04/00 15 97.5 8.41 08/07/00 332 88.2 6.63
09/11/00 29 103.5 7.37 08/14/00 238 89.6 5.58
09/18/00 31 106.0 5.07 08/21/00 460 93.0 6.14
09/25/00 45 110.2 7.26 08/28/00 103 99.6 6.91
10/02/00 49 117.9 7.57 09/04/00 49 98.2 7.64
09/11/00 135 100.9 9.21
09/18/00 107 106.0 6.62
09/25/00 150 111.2 8.09
10/02/00 58 1129  12.53




Appendix I. Week of capture, sample size (n), mean size (fork length in mm or
weight in g), and standard deviation for juvenile chinook salmon captured at
the rotary screw trap located above the Smith River estuary, California, 1998
and 1999.

Week of: FL(mm) Weight (g)

n Mean SD n Mean SD
06/08/98 71 86.4 14.32 a a a
06/15/98 76 93.8 11.79 a a a
06/22/98 209 91.2 8.11 a a a
06/29/98 276 88.6 7.45 145 7.8 1.84
07/06/98 146 90.5 6.82 144 83 1.91
07/13/98 498 91.7 6.83 497 8.6 2.00
07/20/98 793 90.1 6.28 758 8.4 3.75
07/27/98 706 90.1 5.53 705 8.4 1.57
08/03/98 348 92.1 5.52 346 89 1.65
08/10/98 223 930 543 164 94 1.82
08/17/98 118 93 4 5.57 118 93 1.57
08/24/98 29 98.3 6.44 29 10.6 1.90
08/31/98 5 99.8 4381 5 11.1 1.84
09/07/98 17 104.9 5.02 17 13.0 1.82
09/14/98 13 111.3 6.98 13 15.6 2.98
09/21/98 20 113.8 7.97 20 17.4 4.51
06/14/99 39 77.4 9.86 a a a
06/21/99 118 75.9 823 a a a
06/28/99 247 79.9 7.08 a a a
07/05/99 271 76.2 7.10 a a a
07/12/99 163 793 5.60 a a a
07/19/99 47 79.0 5.30 a a a
08/02/99 46 86.7 521 a a a

* No fish weighed during these weeks.
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Appendix K. Capture location, date, number of maxillary clips recaptured,
number of fish examined, and estimated proportion of hatchery-marked
juvenile chinook salmon released by Rowdy Creek Hatchery, California,
from 14 June to 24 June, 1999.

Location # Max. # Fish Est. Prop. Location # Max. # Fish Est. Prop.
Date Clips Exam. Hatch. Date Clips Exam. Hatch.
Above Estuary Middle Reach
21-Jun 3 24 0.911 2-Jul 2 98 0.152
30-Jun 1 25 0.297 9-Jul 3 182 0.122
1-Jul 1 27 0.275 15-Jul 2 188 0.079
8-Jul 1 9 0.825 23-Jul 3 157 0.142
12-Jul 16 218 0.545 27-Jul 6 275 0.162
13-Jul 10 158 0.470 28-Jul 3 551 0.040
14-Jul 4 239 0.124 29-Jul 0 74 0.000
20-Jul 4 133 0.223 3-Aug 1 379 0.020
22-Jul 3 139 0.160 5-Aug 0 87 0.000
27-Jul 0 69 0.000 9-Aug 0 282 0.000
2-Aug 0 10 0.000 12-Aug 0 436 0.000
19-Aug 0 202 0.000
Upper Reach 28-Aug 0 499 0.000
25-Jun 1 33 0.225 4-Sep 1 533 0.014
1-Jul 0 13 0.000 18-Sep 0 183 0.000
8-Jul 0 19 0.000 24-Sep 0 96 0.000
13-Jul 2 86 0.173
15-Jul 0 17 0.000 Lower Reach
20-Jul 1 106 0.070 16-Jul 13 294 0.328
21-Jul 5 250 0.149 23-Jul 0 47 0.000
22-Jul 1 217 0.034 29-Jul 0 7 0.000
23-Jul 0 22 0.000 4-Aug 1 89 0.083
26-Jul 0 180 0.000 10-Aug 0 33 0.000
27-Jul 1 79 0.094 19-Aug 0 1 0.000
28-Jul 0 84 0.000 28-Aug 0 1 0.000
29-Jul 1 124 0.060 4-Sep 0 0
2-Aug 0 277 0.000 18-Sep 0 0
3-Aug 0 93 0.000 24-Sep 0 19 0.000
5-Aug 1 60 0.124
10-Aug 1 60 0.124
11-Aug 0 221 0.000
19-Aug 0 45 0.000
28-Aug 0 31 0.000
4-Sep 0 24 0.000
18-Sep 1 87 0.085
24-Sep 0 46 0.000
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Appendix L. Capture location, date, number of AD-CWT's recaptured, number

of fish examined, and minimum and maximum estimated daily proportions
of hatchery-marked juvenile chinook salmon released by Rowdy Creek
Hatchery, California, on 12 June, 2000.

Location # AD- #Fish Est. Prop. Location # AD-  #Fish Est. Prop.

Date CWT Exam. Hatch. Date CWT  Exam. Hatch.
Min.  Max. Min.  Max.

Upper Reach 18-Aug O 19 0.000  0.000
13-Jun 12 223 0.137 0.212 21-Aug O 3 0.000  0.000
14-Jun 1 8 0393 0.567 22-Aug O 64 0.000  0.000
16-Jun 1 9 0349 0.504 23-Aug 0 12 0.000  0.000
19-Jun 2 19 0.331 0478 25-Aug 0 9 0.000  0.000
21-Jun 9 247 0115 0.165 2-Sep O 0
23-Jun 1 39 0081 0.116 10-Sep 0 15 0.000 0.000
27-Jun 1 26 0.121 0.175 16-Sep 0 29 0.000  0.000
28-Jun 9 131 0216 0312 23-Sep 0 32 0.000  0.000
30-Jun 5 92  0.171 0.247 30-Sep 0 138 0.000  0.000
3-Jul 3 102 0.092 0.133 1-Oct 0 4 0.000  0.000
5-Jul 13 299  0.137 0.197 6-Oct 0 90 0.000  0.000
6-Jul 5 105 0.150  0.216
10-Jul 0 14  0.000 0.000 Middle Reach
11-Jul 0 5 0000 0.000 13-Jun 11 167 0.168  0.260
12-Jul 0 7 0.000 0.000 15-Jun 46 766 0.189 0.272
14-Jul 0 136 0.000 0.000 16-Jun 45 556 0.254 0.367
17-Jul 1 129 0.024 0.035 19-Jun 2 59 0.107 0.154
18-Jul 0 3 0000 0.000 20-Jun 26 540 0.151 0.218
19-Jul 0 0 22-Jun 4 155 0.081 0.117
21-Jul 0 26  0.000 0.000 23-Jun 4 199 0.063 0.091
24-Jul 0 31  0.000 0.000 26-Jun 20 559 0.112 0.162
25-Jul 0 16 0.000 0.000 27-Jun 1 49 0.064 0.093
26-Jul 0 0 29-Jun 13 329 0.124 0.179
28-Jul 0 13 0.000 0.000 30-Jun 10 413 0.076  0.110
31-Jul 0 242 0.000 0.000 3-Jul 12 504 0.075 0.108
1-Aug 0 73 0.000 0.000 5-Jul 0 161 0.000  0.000
2-Aug 1 139 0.023  0.033 7-Jul 2 158 0.040 0.057
4-Aug 1 106  0.030 0.043 10-Jul 2 124 0.051 0.073
7-Aug 0 129 0.000  0.000 11-Jul 5 224 0.070  0.101
8-Aug 0 215  0.000 0.000 13-Jul 4 266 0.047 0.068
9-Aug 0 385 0.000 0.000 14-Jul 1 245 0.013 0.019
11-Aug 0 141  0.000 0.000 17-Jul 3 335 0.028 0.041
14-Aug 0 18 0.000 0.000 18-Jul 0 14 0.000  0.000
15-Aug 0 26 0.000 0.000 20-Jul 1 212 0.015  0.021
16-Aung 0 28 0.000 0.000 21-Jul 0 154 0.000  0.000
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Appendix L. Capture location, date, number of AD-CWT's recaptured, number

of fish examined, and minimum and maximum estimated daily proportions
of hatchery-marked juvenile chinook salmon released by Rowdy Creek

Hatchery, California, on 12 June, 2000 (continued).
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Location #Max. # Fish Est. Prop. Location #Max, # Fish Est. Prop.

Date Clips Exam. Hatch. Date Clips Exam. Hatch.
Min. Max. Min. Max.

Middle Reach 18-Aug 0 102 0.000  0.000
24-Jul 0 111 0.000 0.000 21-Aug 0 104 0.000  0.000
25-Jul 0 201 0.000  0.000 22-Aug 0 126 0.000  0.000
27-Jul 2 110  0.057 0.082 24-Aung 0 250 0.000  0.000
28-Jul 0 75 0.000 0.000 25-Aug 0 146 0.000  0.000
31-Jul 3 708 0.013  0.019 2-Sep 0 103 0.000  0.000
1-Aug 2 425 0015 0.021 10-Sep 0 49 0.000  0.000
3-Aug 0 326 0.000 0.000 17-Sep 0 135 0.000  0.000
4-Aug 0 117 0.000 0.000 24-Sep 1 144 0.022 0.032
7-Aug 0 169 0.000  0.000 30-Sep 0 27 0.000  0.000
8-Aug 0 78 0.000 0.000 1-Oct 0 408 0.000  0.000
10-Aug 0 53 0.000 0.000 7-Oct 0 112 0.000  0.000
11-Aug 0 32 0.000 0.000
14-Aug 0 123 0.000  0.000
15-Aug 0 44 0.000 0.000
17-Aug 0 4 0.000 0.000






