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ABSTRACT

Total run size estimated for Canadian origin (Upper Run} chinook salmon
(Oncorhynchus tshawytscha Walbaum) of the Yukon River has averaged 120,316
chinook salmon for the 1982-86 period with an average exploitation rate of 82%.
Run size varied from 80,536 in 1984 to 144,527 in 1983 and exploitation rates varied
from 70% in 1984 to 90% in 1985. A maximum sustained exploitation rate of 67%
was proposed for the Yukon River chinook salmon run based on production
estimates from other chinook salmon stocks coastwide. Migratory timing statistics
for entry into the Yukon River Delta were estimated for the Lower, Middle (Alaska
Origin), and Upper Runs (Canadian Origin) of chinook salmon. The only consistent
difference in timing between runs was the arrival of the Lower Run being later than
the Middle and Upper. Overall there has been an increase in the proportion of Lower
Run fish in early catches. Estimates of exploitation rates and total abundance for
Alaska origin chinook salmon were made using the exploitation rate of Upper Run
chinook salmon by assuming similar catchability and migratory timing in the lower
river where they are mixed. In any given year the assumption of good mixing of the
runs may have been viclated, and, at best, a 30-50% range of exploitation rates for
the Lower Run and 58-70% for the Middle Run was proposed.
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INTRODUCTION

A primary goal of fishery management is to
control the exploitation of a population or assem-
blage of populations to obtain user group bene-
fits as defined by regulatory authority. This
generic goal is often specifically defined as the
maximum sustainable yield (MSY). To achieve
MSY in salmon resource management, certain
parameters must be estimated for each contrib-
uting stock. Total abundance is the most impor-
tant of these parameters along with the
magnitude of associated harvests. Other biolog-
ical characteristics of the stock, such as distri-
bution, age, sex, and size composition of both the
harvest and spawning population, are also
needed to define MSY. Time series of such data
are used by biologists to evaluate productivity at
various levels of abundance. Harvest strategies
can then be developed to bring the population to
a level of abundance which provides MSY. Cal-
culation of the return per spawner from each
brood year is most commonly used to estimate
production. Models developed by Ricker (1954)
are generally fit to observed return per spawner
data in order to calculate the escapement which
produces MSY.

Time series of abundance observations for
wild chinook salmon Oncorhynchus tsha-
wytscha (Walbaum) stocks in most cases have
been weakly documented because escapement
estimates are rarely complete. Harvests may be
well documented (McBride and Wilcock 1983)
and may even be allocated to stock of origin for
mixed stock fisheries (McBride et al. 1985). Age,
sex, and length characteristics of major stocks
have been estimated with a theorized level of
precision and accuracy, and distribution of the
spawning populations is generally known. How-
ever, because of wide stock distribution and
costly escapement enumeration procedures,
total abundance estimation has often been ham-
pered. Return per spawner estimates have been
based on incomplete data and have not been
widely published.

Total escapement counts were made of fall
chinook salmon passing upstream of the Bonne-
ville Dam on the Columbia River for the 1947

through 1959 brood years (Van Hyning 1973). A
Ricker-type curve fit to these data resulted in an
optimum escapement of 100,000 fish producing
a return per spawner of 3 to 1. A much higher
level of production was observed for the years
1938 to 1962, averaging about 6 to 1.

When total escapement is not known and
estimates of spawning escapements are made
only for major concentrations, the return per
spawner for an area will be much higher than the
true value. Pearse (1982) estimated the optimum
escapements for seven major chinook production
areas in British Columbia, Canada, resulting in
return per spawner estimates from 2.1 to 9.3,
and averaging 4.4. Biologists from this area (M.
Hendersen, Canadian Department of Fisheries
and Oceans, Vancouver, B.C., personal commu-
nication) indicated that total escapement has not
been known and that unless observed escape-
ments are expanded to represent the total es-
capement, these estimates of return per spawner
would continue to be too high. Likewise, Healey
(1982} estimated a return per spawner of 7.1
when the spawning stock was maintained at the
MSY level and observed escapements were not
expanded. A return per spawner of 4.1 was pro-
posed when these data were further adjusted to
represent adult equivalents for the catch of im-
mature fish. Using varying estimates of marine
natural mortality these data were reanalyzed by
Starr (Canadian Department of Fisheries and
Oceans, Vancouver, B.C., personal communica-
tion), and the resulting values dropped to be-
tween 3.2 and 3.6 returns per spawner.
According to Mel Seibel, (Alaska Department of
Fish and Game, Juneau, personal communica-
tion), Starr’s analysis was generally accepted in
negotiations between the U.S. and Canada re-
garding chinook stocks harvested in common.

Few production estimates have been made for
Alaskan chinook salmon stocks. Using return at
age data by Minard (1985) and estimates of
escapement by Nelson (1985), return per
spawner values for the Nushagak River chinook
salmon runs have ranged from 1.2 to 9.2 and
have averaged 3.6 for the 1966-78 brood years




{Nelson 1987). Minard (Alaska Department of
Fish and Game, Dillingham, personal communi-
cation) also estimated that return per spawner
values for Togiak River chinook runs have ranged
from 0.5 to 9.2 and have averaged 2.9 for the
1967-79 brood years. Using total abundance
estimates developed by Roberson (Alaska De-
partment of Fish and Game, Glennallen, per-
sonal communication) return per spawner
values for Copper River chinook runs have
ranged from 2.6 to 11.4 and have averaged 6.1
for 1966-79 brood years. Spawning escapements
for these Alaskan stocks were estimated from
aerial surveys and their accuracy and precision
are unknown. Some of the variability in return
per spawner estimates could be due to the vari-
ability assoclated with aerial survey methods.

Similar to other chinook stocks of the eastern
Pacific, data are incomplete for thé Yukon River
chinook run. There is a real need to estimate
current exploitation levels, quantify the produc-
tion of the stock at various levels of abundance,
and define an optimum escapement level and
exploitation rate.

Yukon River chinook salmon are susceptible
to harvest in a number of commercial, sport, and
subsistence fisheries throughout their time of
ocean residence and until their anadromous
spawmning migration is completed. Immature and
maturing fish are harvested by gill net fisheries
in the North Pacific Ocean and Bering Sea and
in trawl fisheries in the Bering Sea. Adult fish
returning to the Yukon River are harvested in
commercial, sport and subsistence fisheries that
occur along almost the entire length of the river.

The major problem currently facing agencies
which manage Yukon River chinook salmon is
the allocation of harvest among user groups. The
allocation issues which have received the most
public attention are (1) the high seas intercep-
tions of North American chinook salmon, a large
proportion of which are of Yukon River origin
(Rogers et al. 1984; Rogers 1987), and (2) the
“equitable” harvest allocation of Canadian-origin
Yukon River chinook salmon among U.S. and
Canadian inriver fishermen.

The Yukon River chinook salmon resource
appears to be fully utilized under current man-
agement plans. Any decline in stock abundance
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or proposals for increased harvests by one user
group requires a reallocation by the regulatory
agencies. It is not known if the stock is being
sustained at MSY. Given the gauntlet nature of
the fishery and the wide distribution of spawning
populations, it is likely that optimum exploita-
tion has been exceeded for upriver stocks, while
downriver stocks may be less utilized.

Yukon River chinock salmon stocks have
been grouped into three spawning assemblages,
referred to as runs, based on their geographic
distribution from aerial surveys. McBride and
Marshall (1983) defined the chinook salmon
stocks which spawn in tributary streams that
drain the Andreafsky Hills and Kaltag Mountains
between river mile (RM) 100 and 500 as the Lower
Run; those which spawn in Tanana River tribu-
taries between RM 800 and 1,100 they called the
Middle Run; those which spawn in tributary
streams that drain the Pelly and Big Salmon
Mountains between RM 1,300 and 1,800 they
called the Upper Run. This designation results
in the Lower and Middle Runs being in Alaska
and the Upper Run in Canada. Total return
information only exists for the Upper Run of
Canada.

By coalescing and further analyzing data col-
lected for Yukon River chinook salmon under
seven projects being sponsored by two agencies
I'have, in this report, attempted to (1) reconstruct
the Upper Run, the only run of the Yukon River
for which sufficient return data exists, (2) begin
a time series of total return and exploitation rate
estimates for the Upper Run, and (3) describe the
entry pattern into a major fishery of all three
runs. The migratory timing statistics of these
runs have been described in this report and
pertinent applications to mixed stock fisheries
management have been discussed. Also, opti-
mum exploitation rates were developed using
chinook salmon productivity values from other
populations.

The Yukon River, with a drainage of 330,000
mi?, is the largest river in Alaska and the fourth
largest in North America. The river flows over
2,000 mi from its Canadian source in the north-
ern Coastal Mountains of British Columbia,
through the southern portion of the Yukon Ter-
ritory, and from there continues through Alaska
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to the Bering Sea. About 60% of the drainage
system is in Alaska. Water is relatively clear in
the upper reaches of the drainage and in many
tributaries but becomes progressively more tur-
bid in the lower reaches of the drainage due to
bank erosion, glacial silt, and tannic acid intro-
duced from some tributary streams. The
Koyukuk, Tanana, and Porcupine Rivers are
major tributaries, the first two being important
for chinook salmon production. Chinook salmon
spawning occurs in 100 Alaskan streams (Barton
1984) and 55 Canadian Yukon River tributaries
(Walker 1976). Major spawning areas or spawn-
ing migration points which are regularly moni-
tored are the Andreafsky, Anvik, Nulato, Gisasa,
Chena, and Salcha Rivers in Alaska (Figure 1);
and Tatchun Creek, Little Salmon River, Big
Salmon River, Nisutlin River in Canada (Figure
2), and the fishway of the Whitehorse Dam in
Canada (ADF&G 1986).

Inriver commercial harvesting of Yukon River
chinook salmon occurs from the river mouth into
Canada (1,520 RM). The Alaskan portion of the
drainage has been divided into 6 districts. Dis-
tricts 1 through 5 divide the mainstem from the
mouth to the U.S.-Canada border (1,224 RM).
District 6 represents the lower 225 RM of the
Tanana River (Figure 1). In Canada commercial
fishing is allowed in the mainstem Yukon River
upstream from the U.S.-Canada border to 0.5
RM downstream of the confluence with Tatchun
Creek (about 20 RM downstream from the village
of Carmacks). Fishermen in Alaska are licensed
to fish gill nets in Alaskan Districts 1-3 (Lower
Yukon) and set gill nets or fish wheels in Districts
4-6 (Upper Yukon). Fishermen may choose drift
or set gill nets in the Lower Yukon. Fishermen in
Canada can use either gill nets or fish wheels,
although most use set gill nets during the
chinook salmon season.

The harvest of chinook salmon for personal or
subsistence use is allowed throughout the Alas-
kan portion of the Yukon River drainage. Over
1,000 families, mostly native American, in 38
villages participate in the subsistence fishery. In
Canada 12 different Indian bands (tribes) utilize
chinook salmon for personal consumption, and
a domestic fishery (similar to Alaska's subsis-

tence fishery) is open to a few non-native families
living in remote areas.

METHODS

Data Sources

Contributions of Yukon River chinook runs to
catches were estimated based on differences in
scale growth (McBride and Marshall 1983). Since
1982 estimates of the run composition of catches
in Districts 1 through 4 in percent and number
of fish by periods have been made; contributions
of the Lower, Middle, and Upper Runs to the
season’s total catch were also made for all other
commercial districts and the subsistence harvest
(Wilcock and McBride 1983; Wilcock 1984,
1985, 1986; Merritt et al. 1988). Run composi-
tion based on scale growth attributes was esti-
mated for only the 1.3 and 1.4 age classes and
formed the basis for estimating the run propor-
tions of the other minor age classes. Catches in
the Tanana River drainage were assumed to be
Middle Run, and catches in the Yukon River
above the confluence of the Tanana River were
assumed to be Upper Run.

Commercial harvest data for Yukon River
chinook salmon were tabulated from sale records
{fish tickets) that processors are required to com-
plete for each sale of fish from a licensed fisher-
man. The total catch for each district in Alaska
and Canada for 1982 through 1986 were re-
ported in ADF&G, Yukon Area Annual Manage-
ment Reports (1982, 1983, 1984, 1985, 1986).

Estimates of the sport catch of chinook
salmon in the Yukon River were only available for
the Tanana River drainage (Mills 1983, 1984,
1985, 1986, 1987). These estimates were based
on results of postal surveys consisting of re-
peated statewide mailings of questionnaires to
randomly sampled Alaska sport fishing license
holders.

The subsistence catch of chinook salmon in
Alaska and Canada was estimated each year by
village and summarized by district (ADF&G
1982, 1983, 1984, 1985, 1986). A complete cen-
sus of all known subsistence fishermen was
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the major spawning tributaries for the Lower and Middle Runs of chinook salmon.
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attempted and results were expanded for missing
data (Brannian and Gnath 1988).

Since 1982 the commercial fisheries in Dis-
tricts 1 and 2 have been sampled each fishing
period to simultaneously estimate, on a weekly
basis, the true proportion of each major age class
in the catch within +5 percentage points 90% of
the time (o = 0.1). Major spawning populations
have also been sampled annually (McBride et al.
1983; Buklis and Wilcock 1984, 1985, 1986;
Buklis 1987). ‘

The Alaska Department of Fish and Game
{ADF&G) has conducted a test fishing program
using set gill nets to index abundance of salmon
returning to the Yukon River since 1963. Fishing
has been done in each of the three major river
mouths of the Yukon River only since 1980
(Brady 1983a, 1984; Bergstrom 1986a). Chinook
salmon are thought to pass these test fish sites
within District 1 early in the second day after
they enter the river. Set gill nets (150 ft with
8.5-in mesh) have been used to capture chinook
salmon from breakup (late May to early June)
through July 15. Age, sex, and length data were
collected from the catch, and scales were also
used to estimate run composition prior to and
following the directed chinook salmon fishery in
Lower Yukon Districts 1 through 3 (Wilcock and
McBride 1983; Wilcock 1984, 1985, 1986; Mer-
ritt et. al 1988).

The Canadian Department of Fisheries and
Ocean (CDFO) conducted a mark and recapture
program to estimate the number of salmon en-
tering the Canadian portion of the Yukon River
in 1982, 1983, (Milligan et al. 1985}, 1985, and
1986 (JTC 1986). Upper Run escapement of
Yukon River chinook salmon has been estimated
as the difference between the Petersen estimate
of population size and upriver commercial and
personal use harvests. No corrections could be
made for sport fishing removals because little
information exists regarding catch and effort for
the chinook salmon sport fishery. The variance
of adjusted Petersen population estimates were
made for 1982 and 1983 tagging data following
methods described by Seber (1982). Insufficient
intermediate data were published to estimate the
variance for 1985 and 1986. An estimate of
chinook salmon runs to Canada in 1984 was
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made by multiplying the sum of four aerial sur-
vey and fishway counts of chinook salmon by the
mean ratio of the Petersen population estimate
over the sum of the same four escapement counts
for 1982 through 1983 and 1985 through 1986.

Total Run and Exploitation Rates for the
Upper Run

Total run of the Upper Run of Yukon River
chinook salmon (T, ) was estimated as the sum
of commercial and subsistence harvests of Upper
Run chinook salmon in Alaska and the CDFO
population estimate. Total Upper Run exploita-
tion (u,) was the ratio of total catch to total run.
District proportion exploitation rates (u,g were
estimated as the ratio of Upper Run catch (C,gq)
for each of the seven districts (d) to Upper Run
total run (T,) by

7
By = Z Hud » (1)
d=1

where g = Cyq Ty -

Estimates of exploitation by district (1uyg4p)
were defined as the proportion of the unhar-
vested run that was captured in a particular
district. Districts were numbered 1 through 6
beginning in the delta and ending at the U.S.-
Canada border. The Canadian fishery was num-
bered 7, and District 6 (the Tanana River) was
assumed to have a zero catch of Upper Run
chinook salmon. Therefore, the proportion of the
remaining run harvested in each district (exploi-
tation by district) was

d-1
Hugp = Cud (Ty — 2, Cue)™, @)
e=1

where C,, is the Upper Run (u) catch of
District ().

The 1982-86 estimates of Upper Runtotalrun
each had an associated estimate of precision that
would affect estimates of total annual exploita-
tion. A variance was estimated for age-1.3 and
-1.4 Upper Run catch in Districts 1 and 2 for
1982 and 1983, Districts 1 through 4 for 1984
and 1985, and Districts 1, 2, and 4 for 1986,
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where run proportions were estimated from scale
attributes (Merritt et al. 1988). This variance
represented the precision of only 37% (1984) to
59% (1985) of the Upper Run catch in Alaska. In
addition, the coefficient of variation (CV) associ-
ated with these estimates of Upper Run age-1.3
and -1.4 fish steadily decreased from 55.4% In
1982 to 4.5% in 1986 as a result of improved
sample design and an increase in scale collection
sample size, Variances were not estimated for
catches of the minor age classes or the subsis-
tence harvest in these districts. It was assumed
that the CV calculated for age-1.3 and -1.4
chinook salmon applied to the total harvests in
Districts 1-4. The product of the estimated CV
and Upper Run catch was used as an estimate of
variance for Districts 1-4 harvests. District 5 and
Canadian harvests were assumed to be mea-
sured without error, so their variance was zero.
Data needed to estimate a variance for the
CDFO population estimate of Yukon chinook
salmon crossing the U.S.-Canada border were
published only for 1982 and 1983. The resulting
CV was 11% in 1982 and 5% in 1983. Because
project design and sampling effort have not
changed, the average CV (8%) was used to esti-
mate a variance for 1984-86 spawning escape-
ment estimates. Variance of the total run was the
sum of individual variances for Districts 1-4,
District 5, and the CDFO population estimate.

Total Run and Exploitation Rates for the
Middle and Lower Runs

Middle Run (T},), or Lower Run (T}), total

chinook salmon abundance was estimated from
district (d) catches of Middle Run (C,,,g or Lower

Run (Cyy) chinook salmon and Upper Run district
proportion exploitation rates (u,g). For example,
the Middle Run total run was

D D
Tm = Y Crma (2, Mua) ™, (3)
d=1 d=1

and the total exploitation of Middle Run chinook
salmon was

6

Um = Z Cnd Tim . 4)

d=1

The number of districts (D) used for calcula-
tions each year was restricted to those with
sampling programs for estimating run propor-
tions of the catch. Some minor catches were
assigned the run composition of neighboring
districts. Thus, cumulative catch and exploita-
tion from Districts 1-4 were used for 1984
through 1986, Districts 1-3 were used for 1983,
and Districts 1 and 2 for 1982. Total run and
exploitation for the Lower Run were estimated in
a similar manner.

Age composition of spawning escapements for
each run was estimated by pooling samples from
individual spawning tributaries within each of
the three defined regions. The Kruskal-Wallis
test (Conover 1980) was used to test the hypoth-
esis that length distribution by age was identical
among runs of Yukon River chinook salmon.
Approximate p-values of the Kruskal-Wallis test
were based on the chi-square distribution. All
tests were made at the o = 0.05 level of signifi-
cance.

Migratory Timing

The mathematical description of migratory
timing and its summary statistics follow the
convention described by Mundy (1984) in which
the time density function ( f;) for each chinook

salmon run was defined as

fi=n (Xn™, (5)

the mean of the time density function (f) was
defined as

t=21if . (6)
all
and the variance (S?) was estimated as
s* =3 (1-Df;, 7
dli

where n; isthe number of chinook salmon from
time period {.

Day 1 of the migration was defined as June 1.
Test fishery data were used to estimate the mi-



gratory timing of the Yukon River chinook
salmon runs because they provided a continuous
time series of data from late May through July
15 (Bergstrom 1986a). In contrast, commercial
fishing was begun after the test fishery had
documented a period of 7-10 d of increasing
catches (ADF&G 1987). Historically, chinook
salmon were the targeted species of the commer-
cial fishery, and mesh size for gill nets was not
restricted. As fleet and processing efficiencies
increased during the 1980’s, the period for di-
rected chinook salmon harvest was reduced from
six 24-h fishing periods spanning 3 weeks in
1982 to three 24-h fishing periods spanning 8 d
in 1985, When the allowable catch of chinook
salmon was reached, the maximum allowed
mesh size was set at 6 in, and chum salmon (O.
keta) became the targeted species. At this time a
portion of the chinook salmon run may have not
yet entered the river. Therefore, the restricted
mesh size and resultant change in chinook
salmon catchability during the chum season
would not produce a consistent index of abun-
dance across the entire run for purposes of esti-
mating a migratory time density function.

Several data sets were combined to estimate
the run composition of test fishing CPUE from
1982 to 1986. Test fishing chinook catches were
sampled for scales and formed the basis for run
composition estimates for the period prior to the
commercial fishing season. Thereafter, only com-
mercial catches were sampled for scales during
both the restricted and unrestricted mesh peri-
ods. It was necessary to apply the estimates of
run composition in District 1 commercial catches
to test fishing CPUE. Stock composition esti-
mates were made only for age-1.3 and -1.4
chinook salmon. Stock composition of younger
ages were estimated based on results from age-
1.3 analyses; estimates for older ages were based
on the age-1.4 analyses. The proportions of a
daily test fishing CPUE (Sy) for run j in pe-
riod k were based on an average of the two major
age groups’ proportion by run (Py, where a = age
1.3 or 1.4), weighted by the proportion (g of
that age in the test fishery or unrestricted mesh
size commercial catch, as follows:
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Sig = Pi1.s @13 + Pigra Grrg o (8)

An estimate of run composition from the com-
mercial or test fishery was not available for every
day of test fishing CPUE, Therefore, it was nec-
essary to apply the run proportion estimates
(Siy) from commercial period k or the preseason
test fishing period to test fishing CPUE for more
than one day. District 1 was 63 RM in length and
fish were thought to be vulnerable to capture for
2 or 3 d as they migrated upstream. Fish were
also thought to pass the test fish sites early in
the second day after they entered the district.
Run proportion estimates from each commercial
period k were applied to 3 d of test fishery CPUE
beginning the day before and ending the day after
the k™ period. Stock compositions of six daily
test fishery CPUE were assigned in this manner
from the two commercial periods per week; the
7th, generally Saturday, was assigned using the
run proportion estimates of the following Mon-
day. Therefore, the CPUE (D;) of day { that was

of run j (Dij) was estimated as
DiJ = Di S;g s (9)

where Sp; was used for i=k-1,k k+1 and,
less aoften, k+ 2.

Migratory timing statistics have been pub-
lished for Yukon River chinook salmon based on
commercial fishing data for 1961 to 1980 (Mundy
et al. 1981a) and test fishery data for 1963 to
1979 (Mundy et al. 1981b; Clark 1983).

The sum of the squared differences (SS;) be-
tween the cumulative proportions (X f;.) of
Upper (U) and either the Lower (L) or Middle (M)
Runs was used to judge how closely the entry
patterns of any two runs agreed on a daily basis
(or the degree of parallelism). The sum of squares
for the difference between run k and Upper Run
chinook salmon was

J J

(X fe- 2w’

alj i=1 i=1

SS = (10)

where k = Lor M.




Chinook Salmon Runs in the Yukon River-Brannian

RESULTS

Abundance and Exploitation Rates for the
Upper Run

The average run size of the Upper Run
chinook salmon for 1982 through 1986 was
120,316 fish; it underwent an 82% exploitation
rate and represented 53 % of the catch for the
entire Yukon River, In 1982, 84% of the total run
of 124,487 Upper Run chinook salmon were
harvested (Table 1). This comprised 62% of the
catch for the entire Yukon River, The largest run
for the Upper Run during this period was
144,527 chinook salmon in 1983, of which 80%
were harvested, comprising 53% of the drainage-
wide catch (Table 2); the smallest run was in
1984. It also underwent the lowest total exploi-
tation: 70% (Table 3). The highest exploitation of
Upper Run chinook salmon occurred in 1985
when 90% of a 112,571-fish run was harvested
(Table 4). In 1986 the Upper Run proportion of
the total Yukon River chinook catch was the
highest of the 5-year period, accounting for 68%
of the run and representing an exploitation rate
of 87% (Table 5).

The Canadian fishery exhibited the greatest
district exploitation rate (l,,4p) onn the Upper Run,

harvesting 37% (1984) to 63% (1985). The Dis-
trict 5 and 1 fisheries exhibited similar district
exploitation rates (u,gqp) of 30% (1984) to 38%
(1985) and 32% (1983) to 34% (1982), respec-
tively. The smallest district exploitation rates
were recorded in Districts 3 and 4, which har-
vested less than 10% of the Upper Run. In con-
trast, the greatest harvests of Upper Run chinook
salmon occurred in Districts 1 and 2, which had
a combined exploitation rate of 46% (1983) to
52% (1982). Only in 1984 was the harvest of
Upper Run chinook salmon in District 5 and
Canada greater than the combined District 1 and
2 harvest.

Small CVs for estimates of Upper Run total
abundance produced small variances and re-
sulted in small differences between the upper
and lower bounds of 90% confidence intervals.
When the lower bounds of the 90% confidence
interval for catch and for escapement were used

in calculations of total exploitation (), in 4 out
of 5 years (1983-1986) rates were greater than
when upper bounds were used (Table 6). Total
exploitation rates based on confidence intervals
of total runs were asymmetrical. The difference
between exploitation rates estimated from the
upper and lower bound of total run was greatest
in 1982 (10%) and least in 1983 (< 1%).

Analysis of Abundance and Exploitation
Rates for the Middle and Lower Runs

Knowing that all three runs share a common
migration route through the Lower Yukon Area,
I was able to use Upper Run exploitation rates to
estimate the Lower and Middle Run exploitation
rates, allowing estimation of Middle and Lower
Run total abundance. This required an impor-
tant assumption of equal vulnerability to harvest
of all three runs in the Lower Yukon River Area.
To determine how well mixed and similarly vul-
nerable the three runs are to capture inthe Lower
Yukon Area, I examined (1) migratory timing by
run, (2) vulnerability to capture during the
chinook salmon fishery, and (3) the size distribu-
tion and age composition of the runs in relation
to the type of gear being fished.

Migratory Timing

The ability to estimate the run composition of
Lower Yukon area harvests from scale analysis
combined with the continuous in-season sam-
pling of the entire run at test fishery sites allowed
for the estimation of the migratory entry pattern
of each run of origin for 1982 through 1986.
Similar time of entry into the river (mean and
variance) would support my assumption that
good mixing of all three runs and similar exploi-
tation rates occurred in the Lower Yukon area.

For the pooled run, the mean date of entry
varied from 15 June in 1983 with a variance of
115.8 to 30 June in 1985 with a variance of 40.8
(Table 7). Mundy (1982) classified yearly runs as
early, normal, or late based on a 95% confidence
interval (19.4 <x < 23.1) around the grand mean
of 21.3 for 1961 through 1980. Since 1980, 2
years were early (1981 and 1983), 1 year had
normal timing (1986), and 3 years were late
(1982, 1984, and 1985).
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In 1982 the mean date of the Lower Run was
9 d later than that of either the Middle or Upper
Runs (Appendix A; Figure 3). The Lower Run
comprised less than 10% of total daily test fishing
CPUE through 22 June and greater than 50%
after 29 June {(Appendix B). In 1983 there was
also temporal separation of the Lower Run from
the Upper and Middle Runs (Figure 3; Appendix
C). The Lower Run again comprised less than
10% of the daily CPUE through 17 June and
44.8% beginning 29 June (Appendix D). Chinook
runs to the Yukon River were compressed {from
1984 through 1986 in that the variances were
small and there was little temporal separation
between the runs. In 1984 the Lower Run repre-
sented 35.2% of the early test fishing catches and
increased to 60.2% by 27 June (Appendix E). The
span between mean dates for the three runs was
4.2 d, with the Middle Run entering first {Figure
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4; Appendix F). Again there was little temporal
separation among runs in 1985, although the
Middle Run was somewhat early and compressed
(Figure 4; Appendix G). The Middle Run repre-
sented only 16.2% of preseason catches and were
absent after 3 July (Appendix H). The chinoock
salmon run in 1986 had the least temporal sep-
aration among runs. The Upper and Lower Runs
entered together (Figure 5}, but the Middle Run
had passed through the delta by 24 June (Ap-
pendix I). The Lower Run comprised less than
13% prior to 18 June and increased to 48.5% by
28 June (Appendix J). ~

Run-specific test fishing CPUE was used as
an index of relative abundance for comparison
among years and runs. Again in 1982 and 1983
(Figure 6) early catches were comprised of Upper
and Middle Run fish. Clearly, harvesting after 25
June would have targeted on Lower Run fish, but

Table 1. Estimates of catch, catch proportions, and exploitation rates by run of origin and district for Yukon
River chinook salmon, 1982,
Upper Run

Total Catch (No. of Fish) Proportion of Catch Exploitation Rates®

Total by Run of Origin by Run by Dist. Cum.

District Catch Lower Middle Upper Lower Middle Upper District Prop. Expl.

1 76,761 17,743 16,815 42,203 0.23 0.22 0.55 0.34 0.34 0.34

2 41,241 5,777 13,078 22,386 0.14 0.32 0.54 0.27 0.18 0.52

3 5,968 429 1,870 3,669 0.07 0.31 0.61 0.06 0.03 0.55

4 5,307 0 3,894 1,413 0.00 0.73 0.27 0.03 0.01 0.56

5 18,218 0 0o 18,218 0.00 0.00 1.00 0.33 0.15 0.71

6° 4,408 0 4,408 0 0.00 1.00 0.00 0.00 0.00 0.71

YT 16,867 0 0 16,867 0.00 0.00 1.00 0.46 0.14 0.84

Koyukuk 878 0 878 0 0.00 1.00 0.00 0.00 0.00 0.84

Total 169,648 23,949 40,943 104,756 0.14 0.24 0.62 0.84
Escapement 19,731
Total Run 124,487
Exploitation Rate 0.84

By District exploitation rate is.(j1.49) or the proportion harvested from what is left after downstream removals.

For example, District 2 exploitation = (District 2 Catch)/(Total - District 1 Catch) = (22,386)/(124,487-42,203)
= 0.27. District proportion of total exploitation is {p,4) or the proportion of total run taken in each district. For

example, District 5 Prop. = District 5 Catch / Total Return =

18,218 / 124,487 = 0.15. Cumulative

Exploitation is (Zy,4 or the exploitation the run has undergone up to that district. For example, Cum. Expl.
for District 4 = Cum. Catch (District 1 to District 4) / Total Return = (42,203 + 22,386 + 3,669 + 1,413) /

124,487 = 0.56.

Includes Tanana drainage sport harvest (Mills 1983)
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overall abundance was low for that period and
the resulting harvest from a targeted chinoock
fishery would have been much lower. In contrast,
for 1984 through 1986 (Figures 7, 8) no one
pericd would have selected or protected one stock
over anocther, In 1984 and 1985 the Lower Run
was also strong in June, and again the pooled
run strength diminished in July. In general,
Lower Run strength has increased after 1982
(Table 8). There was a very weak contribution to
total run by the Middle Run in 1985 and 1986.

Vulnerability to Capture Among Chinook
Salmon Runs

There were three fisheries on chinook salmon
runs entering the Lower Yukon River. First, a
subsistence fishery occurred prior to the com-
mercial season, and exploitation was thought to

11

be low. Next a segment of each run was subjected
to exploitation by the commercial fishery. This
fishery was directed at chinook salmon and
began only after 7 to 10 d of increasing test
fishery catches. During this fishery simulta-
neous openings of Districts 2 and 3 {o commer-
cial fishing were alternated with District 1 and
began 2 to 3 d after the first period in District 1,
Third, some chinook salmon were harvested by
the commercial gill net fishery for chum salmon
which was restricted to a maximum mesh size of
6 in. Subsistence and restricted-mesh harvests
represent an average 24% of the total annual
chinook harvest in Districts 1-3 for 1982
through 1986.

In 1982 the commercial fishery for chinook
salmon began when 23% of the Upper Run had
passed the test fishery but only 3.5% of the Lower

Table 2. Estimates of catch, catch proportions, and exploitation rates by run of origin and district for Yukon
River chinook salmon, 1983.

Upper Run

Total Catch (No. of Fish) Exploitation Rates®

Proportion of Catch

Total by Run of Origin by Run by Dist. Cum.

District Catch Lower Middle Upper Lower Middle Upper District Prop. Expl.

1 101,720 14,601 41,191 45,928 0.14 0.40 0.45 0.32 0.32 0.32

2 52,294 8,737 23,672 19,885 0.17 045 0.38 0.20 0.14 0.46

3 9,016 238 2,109 6,669 0.03 0.23 0.74 0.08 0.05 0.50

4 8,872 0 4,928 3,944 0.00 0.56 0.44 0.05 0.03 0.53

5 20,385 0 0 20,385 0.00 0.00 1.00 0.30 0.14 0.67

6° 4,665 0 4,665 0 0.00 1.00 0.00 0.00 0.00 0.67

Y.T. 18,427 0 0 18,427 0.00 0.00 1.00 0.39 0.13 0.80

Koyukuk 1,483 0 1,483 0 0.00 1.00 0.00 0.00 0.00 0.80

Total 216,862 28,576 78,048 115,238 0.11 0.36 0.53 0.80
Escapement 29,289
Total Run 144,527
Exploitation Rate 0.80

By District exploitation rate is (p1,4) or the proportion harvested from what is left after downstream removals.
For example, District 2 exploitation = (District 2 Catch)/(Total - District 1 Catch) = (19,885)/(144,527-45,928)
= 0.20. District proportion of total exploitation is {11, or the proportion of total run taken in each district.
For example, District 5 Prop. = District 5 Catch / Total Return = 20,385 / 144,527 = 0.14. Cumulative
Exploitation s (Zy,g or the exploitation the run has undergone up to that district. For, example Cum. Expl.
for District 4 = Cum. Catch {District 1 to District 4) / Total Return = (45,928 + 19,885 + 6,669 + 3,944) /
144,527 = 0.53. .

Includes Tanana drainage sport harvest (Mills 1984)
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Run had passed (Table 9). The commercial fish-
ery began to target on chum salmon when 83.2%
of the Upper Run and only 62.8% of the Lower
Run of chinook salmon had passed. Differences
in timing also resulted in very different segments
of the Upper and Lower Runs being vulnerable to
the chinook salmon fishery in 1983. In 1984 very
similar percentages of the three runs were vul-
nerable to the chinook salmon fishery (51.6% to
57.6%). In 1985 the commercial fishery began to
target on chum salmon when 50.6% of the Upper
Run had passed and 100% of the Middle Run. In
1986 only 5.4% of the Middle Run had entered
the Yukon River, when the chinook fishery
began, compared to 30.7% and 48.5% of the
Lower and Upper Runs, respectively.
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It was also assumed that the run mixture
would be consistent on a daily basis and remain
so as they move upriver through the various
fisheries. The degree of parallelism of entry
curves would indicate the consistency of daily
stock compositions. Based on the squared differ-
ence between cumulative proportions, the entry
pattern of the Lower Run was most parallel to the
Upper Run in 1984 through 1986, while that of
the Middle Run was most similar to the Upper
Run in 1982 and 1983. The sum of the squared
differences between the Lower and Upper Run
was 3.2 and 4.4 for 1982 and 1983, respectively,
and between 0.43 and 0.13 for 1984 through
1986. Similarly, the 1982-84 sum of the squared
differences were < 1 for the Middle and Upper
Runs and < 1.8 for 1985 and 1986. It is not

Table 3. Estimates of catch, catch proportions, and exploitation rates by run of origin and district for Yukon

River chinook salmon, 1984.

Upper Run

Total Catch (No. of Fish) Proportion of Catch Exploitation Rates®

Total by Run of Origin by Run by Dist. Cum.

District Catch Lower Middle Upper Lower Middle Upper District Prop. Expl.

1 79,294 32,764 31,513 15,015 0.41 0.40 0.19 0.17 0.17 0.17

2 43,870 15,6567 19,807 8,407 0.36 0.45 0.19 0.11 0.09 0.26

3 7.394 1,688 4,043 1,662 0.23 0.55 0.22 0.02 0.02 0.28

4 7,211 1,861 2,551 2,799 0.26 0.35 0.39 0.04 0.03 0.31

5 18,658 0 0 18,658 0.00 0.00 1.00 0.30 0.21 0.51

a° 4,804 0 4,804 0 0.00 1.00 0.00 0.00 0.00 0.51

Y.T. 16,495 0 0 16,495 0.00 0.00 1.00 0.37 0.18 0.70

Koyukuk 1,400 0 1,400 0 0.00 0.00 0.00 0.00 0.00 0.70

Total 179,126 51,970 64,118 63,036 0.29 0.36 0.35 0.70
Escapement 27,500°
Total Run 90,536
Exploitation Rate 0.70

By District exploitation rate is (p,4) or the proportion harvested from what is left after downstream removals.

For example, District 2 exploitation = (District 2 Catch)/(Total - District 1 Catch) = (8,407)/(90,536-15,015)=
0.11. District proportion of total exploitation is (u ) or the proportion of total run taken in each district. For
example, District 5 Prop. = District 5 Catch / Total Return = 18,658 / 90,536 = 0,21, Cumulative Exploitation
is (Zy,y or the exploitation the run has undergone up to that district. For example, Cum. Expl. for District
4 Cum. Catch (District 1 to District 4) / Total Return = (15,015 + 8,407 + 1,662 + 2,799) / 90,536 = 0.31.

Includes Tanana drainage sport harvest (Mills 1985)

Escapement was expanded from aerial survey data based on the relationship between aerial survey and tagging

based population estimates from 1982, 1983 and 1985,
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Table 4. Estimates of catch, catch proportions, and exploitation rates by run of origin and district for Yukon

River chinook salmon, 1985,

Total Catch (No. of Fish)

Upper Run

Proportion of Catch Exploitation Rates®

Total by Run of Origin by Run by Dist. Cum.

District Catch Lower Middle Upper Lower Middle Upper District Prop. Expl.

1 93,082 40,456 16,771 35,854 0.43 0.18 0.39 0.32 0.32 0.32

2 51,833 19,208 11,730 20,894 0.37 0.23 040 0.27 0.19 0.50

3 5,930 924 919 4,087 0.16 0.15 0.69 0.07 0.04 0.54

4 6,884 2,802 885 3,197 0.41 0.13 0.46 0.06 0.03 0.57

5 18,508 0 0 18,508 0.00 0.00° 1.00 0.38 0.16 0.73

6° 9,873 0 9,873 0 0.00 1.00 0.00 0.00 0.00 0.73

Y.T. 19,001 0 0 19,001 0.00 0,00 1.00 0.63 0.17 0.90

Koyukuk 1,205 0 1,205 0 0.00 1.00 0.00 0.00 0.00 0.90

Total 206,316 63,390 41,383 101,541 0.31 0.20 049 0.90
Escapement 11,030
Total Run 112,671
Exploitation Rate 0.90

By District exploitation rate is (j1,4) or the proportion harvested from what is left after downstream removals.

For example, District 2 exploitation = (District 2 Catch)/(Total - District 1 Catch) = (20,894)/(112,571-35,854)
= 0.27. District proportion of total exploitation is (4 or the proportion of total run taken in each district. For
example, District 5 Prop. = District 5 Catch / Total Return = 18,508 / 112,571 =0.16. Cumulative Exploitation
is (Zp,g or the exploitation the run has undergone up to thatdistrict. For example, Cum. Expl. for District 4
Cum. Catch (District 1 to District 4) / Total Return = (35,854 + 20,894 + 4,087 + 3,197) / 112,571 = 0.57.

Includes Tanana drainage sport harvest (Mills 1986)

known whether differences among the three runs
were due to differences in migratory routes taken
through the delta area with its multiple chan-
nels, distribution within the main river channel,
or mere sampling error.

Stze and Age Simiarities

Estimates of Middle and Lower Run total run
based on Upper Run exploitation rates also in-
volved the assumption that chinook salmon from
all runs would have the same size and age distri-
bution. If the three runs differed in their age
compositions {and, therefore, length distribu-
tions) different proportions of each run would be
captured in different fisheries because of the
selective nature of the gear. A greater proportion
of the run with a high proportion of large chinook

salmon, usually older age groups, would be re-
moved by the large mesh gill net fishery. Con-
versely, a larger proportion of the run with a high
proportion of small chinook salmon, usually of
younger age groups, would be removed by the
fish wheel fisheries. Comparison (Kruskal-Wallis
test) among runs of the length distribution in
1986 of age-1.3 and -1.4 fish produced no signif-
icant (0.05) differences (p < 0.05, df=2).

Only age data were readily available to exam-
ine the size composition of spawning escape-
ments for 1982 through 1986. The age
composition of the Middle Run more closely re-
sembled the Upper Run in years with a strong
age-1.5 component. In all years there was a
greater proportion of younger age groups (age-
1.2 and 1.3) in Lower Run escapements than in
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Table 5. Estimates of catch, catch proportions, and exploitation rates by run of origin and district for Yukon
River chinook salmon, 1986.

Upper Run

Total Catch (No. of Fish) Exploitation Rates®

Proportion of Catch

Total by Run of Origin by Run by Dist. Cum.

District Catch Lower Middle Upper Lower Middle Upper District Prop. Expl.

1 58,309 21.214 1,988 35,107 0.36 0.03 0.60 0.27 0.27 0.27

2 48,325 17,894 355 30,076 0.37 0.01 0.62 0.32 0.23 0.50

3 5,152 2,211 94 2,847 043 0.02 0.55 0.04 0.02 0.58

4 9,144 2,873 377 5,897 0.31 0.04 0.64 0.10 0.05 0.57

5 18,721 0 0 18,721 0.00 0.00 1.00 0.34 0.14 0.72

6° 5,177 0 5,177 0 0.00 1.00 0.00 0.00 0.00 0.72

Y.T. 19,764 0 o 19,764 0.00 0.00 1.00 0.54 0.15 0.87

Koyukuk 941 0 941 0 0.00 G6.00 0.00 0.00 0.00 0.87

Total 165,533 44,192 8,932 112,412 0.27 0.05 0.68 0.87
Escapement 17,068
Total Run 129,480
Exploitation Rate 0.87

* By District exploitation rate is (p,4) or the proportion harvested from what is left after downstream removals.
For example, District 2 exploitation = {District 2 Catch)/{Total - District 1 Catch) = (30,076)/(129,480-35,107)
= 0.32. District proportion of total exploitation is (n,g or the proportion of total run taken in each district.
For example, District 5 Prop. = District 5 Catch / Total Return = 18,721 / 129,480 = 0.14. Cumulative
Exploitation is (Zp,J or the exploitation the run has undergone up to that district. For example, Cum. Expl.
for District 4 Cum. Catch (District 1 to District 4) / Total Return = (35,107 + 30,076 + 2,847 + 5,897) /

129,480 = 0.57.

Includes Tanana drainage sport harvest (Mills 1987)

either Middle or Upper Run escapements (Figure
9). This could have been due to differences in (1)
age of maturity, (2) the selective properties of
fishing gear used in the various districts, or (3)
year class strengths between runs. Only in 1986
were sufficient samples collected to describe the
age composition of chinook salmon caught in fish
wheels in District 5. The age composition of the
total spawning population which entered this
district (i.e., the sum of age-specific abundance
estimates for District 5 catches, Canadian har-
vests, and spawning escapements) was very sim-
ilar to the Upper Run escapement and lacked
the younger age classes present in Lower Run
escapements.

However, age composition of catches and es-
capements in 1986 may have been anomalous
because there was a much stronger than average

run of age-1.8 chinook salmon that year. In
addition, commercial fishing patterns in 1986
were altered; 6-in gill net mesh periods were set
prior to and alternated with unrestricted mesh
size periods during the gill net fishery directed
on chinook salmon in Districts 1 and 2. A rede-
sign of the sampling program will be needed to
examine this problem in future years to address
this issue.

Abundance and Exploitation Rates

Estimates for the Lower and Middle Runs
were a function of the cumulative exploitation
rate of the Upper Run for District 1-4 (X yq).
The 1982-86 exploitation of the Lower Run was
estimated to range from 31% to 57%, while the
total run ranged from 45,231 to 167,645 chinook
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Table 6. Estimates of total exploitation of the Upper salmon (Table 10). Middle Run exploitation rates
Run of Yukon River chinook salmon using were estimated to range from 34% to 181% , (an
i’g&f’:ﬂ%ﬁ:;ﬁ:ﬂ;ﬁ?ﬂdwce bounds of impossible upper value), while total run varied

' from 4,929 to 188,047 chinook salmon.
Exploitation Rates Using Total Return DISCUSSION
90% Confidence Interval
Lower Bound Upper Bound Total exploitation rate of the Upper Run aver-
of Total of Total aged 82% for 1982 through 1986. This level of
Year Return Estimate Return '
exploitation may be excessive and could lead to

1982 76% 84% 86% dramatic declines in future runs. Return per

spawner values for other western Alaska stocks

1983 80% 80% 79% of chinook salmon average 2.9 (Togiak River; R.E.

Minard, Alaska Department of Fish and Game,

1084 72% 70% 68% Dillingham, personal communication) to 3.6

1085 93% 90% 88% (Nushagak River; Nelson 1987). A total exploita-

tion rate of 65% to 72% should sustain popula-

19886 90% 87% 84% tion size at these levels of production. Major

British Columbia chinook populations are esti-
mated to produce at 3.2 to 3.6 return per
spawner when maintained at MSY. Without ad-
ditional information a conservative approach for
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Figure 5. Cumulative proportions of total chinook salmon CPUE by date and run for

the Lower Yukon River test fishery for 1986.
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Table 7.  The mean freshwater entry date and variance for Yukon River chinook salmon by run of origin based
on the run proportions of test fishery CPUE from 8.5 inch mesh nets,
Mean Day of Freshwater Entry By Year®

Origin 1980 1981 1982 1983 1984 1985 1986 1987

All Stocks Mean 18.6 15,5 23.3 15.1 23.5 30.5 22.6 24.1
Variance 75.5 874 74.5 115.8 51.6 40.8 43.5 75.1

Lower Mean 298 25,0 253 320 247
Variance 53.2 113.1 54.1 38,7 454

Middle Mean 21.9 13.0 21.1 25.7 22.3
Variance 69.8 108.3 409 9.8 5.4

Upper Mean - 20.8 13.56 24.0 299 21.6
Variance 59.56 759 458 42.3 40.3

® Where days are counted beginning with June 1 as day 1.

the Yukon River would assume an average pro-
duction of 3.0 returns per spawner and allow a
maximum sustainable exploitation rate of 67%
until sufficient brood year return data becomes
available for more detailed analysis. On the
Yukon River this level has been exceeded every
year of the 5 years studied and is outside the
approximate 90% confidence bounds for total
exploitation rate.

If the Upper Run was over-exploited during
the 1982-86 period, this would raise concern for
the status of the Middle and Lower Runs of
Yukon River chinook salmon. All share a com-
mon upriver migration through the Lower Yukon
(Districts 1 through 3) where 72% of the drain-
age-wide harvest was taken, of which 90% was
sold commercially (1982-86 average). In con-
trast, total Upper Yukon area harvests in the
Alaska portion of the drainage averaged 83%
subsistence (1982-86). This use maintains a
priority use before commercial and sport fishing.

If conservation measures are taken, they will
need to be taken first in the Lower Yukon. This
requires the greatest harvest reduction because
for every 100 chinook salmon foregone in the
catch only 44 would be of Upper Run origin
(1982-86 average). A more effective conservation
program would require additional restrictions to

Table 8, Cumulative chinock CPUE on July 15 from
the test fishery in the Lower Yukon River for
all stocks pooled and by run of origin, 1982-

86.
Region Cumulative CPUE® by Year
of Origin 1982 1983 1984 1985 1986
All Stocks 13.4 21.5 21.9 183 22.2
Lower 3.3 34 102 9.1 7.2
Middle 3.0 104 8.2 2.0 0.4
Upper 7.1 7.7 3.6 7.2 14.6

* Project has operated since 1980 at current
locations and effort levels. The July 15 cumulative
CPUE was 33.8 in 1980, 32.7 in 1981, and 31.7 in
1987.

commercial and subsistence fishermen through-
out the migration of Upper Run chinook salmon.
Estimates of total run and exploitation rate for
the Middle and Lower Runs were needed to de-
cide whether exploitation rates should be low-
ered on all stocks together or on a stock-specific
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test fishery in 1986,

basis. The minimum needed was an indication of
whether their exploitation was higher or lower
than the Upper Run.

Estimates of total run and total exploitation
of Middle and Lower Run chinook salmon were
made from Upper Run exploitation rates under
the assumption that all three runs were equally
vulnerable to capture within each district in the
shared migratory route. However, the rate of
exploitation on a run can vary because of (1)
discontinuous execution of the fishery, (2} un-
even distribution of effort, and (3) the size-selec-
tive nature of the capture gear. Therefore, the
accuracy of estimates of total run and exploita-
tion rate for the Middle and Lower Runs depends
on whether these runs were subjected to the
same fishing mortality in the Lower Yukon Area,
as was the Upper Run.

SN  Middie

Estimated run proportions for the daily CPUE from the lower Yukon River

m Lower

There is evidence that this assumption has
been violated. If so, the three runs may have
undergone different exploitation rates; the Lower
Run may have been exploited at a lower rate and
may be more abundant than estimated in this
study. First, migratory timing differed between
the Upper and Lower Runs in 1982 and 1983. In
both years the Lower Run entered the Yukon
River later than the Upper Run with 30%-60% of
the Lower Run entering after the fishery directed
on chinook salmon. Therefore, the Upper Run
exploitation rate would overestimate the Lower
Run rate, resulting in an underestimate of total
abundance. Second, Lower Run escapements
have consistently differed in age composition
(and therefore overall length distribution) from
Upper Run escapements. If these differences
were not due to gear selectivity or sampling
problems, these runs would have had different
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Table 9. Cumulative percent of each run past the test fishery site at the beginning and ending dates of the

chinook salmon directed fishery in District 1 of the Yukon River, 1982-86.

Percent

Start Cumulative Percent Ending Cumulative Percent Vulnerable to Fishery
Year Date Lower Middle Upper Date Lower Middle Upper Lower Middle Upper
1982 6-14 3.5 19.3 23.0 7-02 62.8 85.4 93.2 59.3 €66.1 70.2
1983 6-09 18.3 57.6 48.0 6-21 34.6 73.8 84.6 18.3 16.2 38.6
1984 6-18 19.2 38.3 22.8 6-29 72.1 89.9 804 52.9 51.6 57.6
1985 6-24 15.3 33.56 2865 7-02 50.6 100.0 65.2 35.3 66.5 38.7
1986 6-19 30.7 5.4 48.5 7-04 91.9 100.0 96.3 61.2 94.6 47.8

catchabilities in the Lower Yukon gill net fishery.
If the Lower Run was comprised of a greater
proportion of younger and smaller chinook
salmon, it would have been (1) less vulnerable to
the directed chinook salmon fishery in which
fisherman most commonly used 8.5-in mesh gill
nets (Brady 1983b; Bergstrom 1986b), and (2)
more vulnerable to the directed chum salmon
fishery where 6-in mesh gill nets were commonly

used. How this might affect accuracy of exploita-
tionrates and abundance estimates is unknown.
Finally, based on the distance of their migration
up the mainstem Yukon River, the Lower Run
would have undergone a substantially lower {otal
exploitation than the Upper Run as it passed
through two fewer fishing districts. Therefore,
the range of 30-50% total exploitation estimated
from Upper Run exploitation would be a reason-

Table 10. Total return in numbers of fish and exploitation rates estimated for the Lower and Middle Run of
Yukon River chinook salmon, 1982-86. Estimates were a function of the exploitation of Upper Run
fish in their shared route based on assumed equal vulnerability to capture.

Lower Run Middle Run Upper Run
Total Exploitation Total Exploitation Total Exploitation

Year Return Rate Return Rate Return Rate

1982 45,231% 53% 57,615 71% 124,487 84%

1983 47,152%® 50% 133,541 58% 144,527 80%

1984 167,645" 31% 188,047 34% 90,536 70%

1985 111,210° 57% 53,277° 78% 112,571 90%

1986 77.529° 57% 4,929% 181%° 129,480 87%

® These estimates may be {naccurate due to dissimilar migratory timing with the upper run.

® These estimates may be inaccurate due to dissimilar age at maturity with the upper run.

¢ This is an impossible value and is presented to demonstrate the consequences of violating the assumptions

underlying its estimation.
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able first estimate, but violations of underlying
assumptions negate any statement concerning
total exploitation rate in any particular year.
Differences in migratory timing between the
Middle and Upper Runs also put in question
estimates of Middle Run total run and exploita-
tion in 1985 and 1986. In 1985 the Middle Run
entered before the Upper Run, and a greater
proportion was vulnerable to the Lower Yukon
fishery. Therefore, the Upper Run exploitation
rate may have underestimated the Middle Run
rate and overestimated its total abundance. In
1986 the upper-end 181% exploitation rate esti-
mated for the Middle Run was obviously an
impossible value. The Middle Run was mysteri-
ously absent from Lower Yukon catches in 1986,
representing less than 5% of the catch in Dis-
tricts 1-4. This resulted in a total run estimate of
4,929 chinook salmon which was also unrealis-
tically low because the spawning escapement
into a major Middle Run tributary, the Chena
River, was estimated by Barton (1987) to be
9,065 chinook salmon. Therefore, the Upper Run
exploitation rate overestimated that of the Middle
Run in 1986, though for unknown reasons.
Lastly, based on observations of spawning
abundance and distribution, it was very unlikely
that the Lower and Middle Runs were each twice
as large as the Upper Run in 1984. It is more
likely that use of the Upper Run exploitation rate
resulted in underestimation of the Lower and
Middle Runs exploitation in that year. In general,
one would expect the Middle Run total exploita-
tion to be less than the Upper Run based on the
number of fisheries each pass through. So, while
the Middle Run may not have been greatly over-
exploited, it may have been at, or just above, the

Fishery Research Bulletin No. 90-03

proposed maximum exploitation rate of 67% in
some years.

Although the accuracy of estimates of total
run and exploitation of Middle and Lower Runs
may be questioned for the 5 years examined, the
information gained in attempting to estimate
these values was worthwhile, An appreciation
was needed for the differences in exploitation
rates one would expect given the gauntlet nature
of the fisheries in the Yukon River drainage. The
range of expected exploitation rates for these two
runs of 30% to 50% for the Lower Run and 58%
to 70% for the Middle Run could be used as a
starting point for addressing mixed stock man-
agement concerns in the Yukon River,

With acceptance of the differences in current
exploitation rates between the Upper, Middle,
and Lower Runs, stock-specific management
would be appropriate. Consistent temporal sep-
aration of the runs would allow managers to
differentially harvest by run in the Lower Yukon
Area. However, migratory timing statistics for
runs exhibited few consistent trends. The Lower
Run had the latest mean date for all years. The
time span between the earliest and latest mean
dates for the three runs has ranged from 12 d in
1983 t0 3.1 d in 1986. In general, the Upper and
Middle Runs enter together, with the mean dif-
fering by <1din 1983 and 1986to 4.2 d in 1985.
For 3 of the 5 years the Middle Run entered
slightly earlier. Only in 1982 and 1983 was the
temporal separation between any of the runs
great enough to support differential harvests.
Annual differences in migration timing among
the three runs varied greatly, and because this
information is available only after the fishing
season, it does not provide for a change in the
current management strategy.
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Appendix A. Dally and cumulative proportions of total chinook salmon CPUE from the Lower Yukon River test
fishery (8.5-in mesh nets), 1982,

Date Day of All Stocks Lower Middle Upper

(1982) Run Daily Cum. Daily Cum. Daily Cum. Daily Cum.
07-Jun 7 0.040 0.040 0.008 0.008 0.044 0.044 0.054 0.054
08Jun 8 0.013 0.053 0.002 0.010 0.014 0.058 0.017 0.071
09-Jun 9 0.002 0.055 0.000 0.011 0.002 0.061 0.003 0.074
10-Jun 10 0.001 0.057 0.000 0.011 0.002 0.063 0.002 . 0.076
11Jun 11 0.019 0.076 0.004 0.015 0.021 0.084 0.026 0.102
12-Jun 12 0.023 0.099 0.004 0.019 0.026 0.109 0.031 0.133
13-Jun 13 0.052 0.151 0.010 0.029 0.057 0.166 0.069 0.202
14-Jun 14 0.022 0.174 0.005 0.035 0.027 0.193 0.029 0.230
15-Jun 15 0.016 0.189 0.004 0.038 0.019 0.212 0.020 0.250
16-Jun 16 0.038 0.227 0.014 0.052 0.045 0.257 0.047 0.297
17-Jun 17 0.037 0.264 0.013 0.065 0.043 0.300 0.045 0.342
18Jun 18 0.026 0.290 0.009 0.075 0.031 0.331 0.032 0.374
19-Jun 19 0.040 0.330 0.013 0.087 0.052 0.383 0.047 0.421
20-Jun 20 0.074 0.404 0.023 0.111 0.097 0.480 0.088 0.509
21-Jun 21 0.084 0.488 0.026 0.137 0.110 0.590 0.100 0.609
22-Jun 22 0.036 0.524 0.011 0.149 0.047 0.637 0.043 0.652
23-Jun 23 0.025 0.548 0.031 0.179 0.018 0.655 0.025 0.676
24-Jun 24 0.043 0.592 0.054 0.233 0.032 0.686 0.044 0.720
25-Jun 25 0.021 0.613 0.026 0.259 0.015 0.702 0.021 0.741
26-Jun 26 0.0186 0.628 0.020 0.279 0.016 0.717 0.014 0.755
27-Jun 27 0.036 0.664 0.045 0.324 0.036 0.753 0.031 0.786
28-Jun 28 0.058 0.723 0.074 0.398 0.059 0.812 0.051 0.837
29-Jun 29 0.022 0.745 0.028 0.426 0.023 0.834 0.020 0.856
30-Jun 30 0.037 0.782 0.079 0.505 0.008 0.842 0.029 0.886
0l1-Jul 31 0.029 0.811 0.062 0.567 0.006 0.848 0.023 0.909
02-Jul 32 0.028 0.839 0.061 0.628 0.006 0.854 0.023 0.932
03-Jul 33 0.021 0.860 0.048 0.8677 0.019 0.873 0.009 0.941
04-Jul 34 0.030 0.890 0.069 0.746 0.027 0.900 0.013 0.953
05-Jul 35 0.022 0.912 0.050 0.796 0.020 0.920 0.008 0.963
06-Jul 36 0.009 0.921 0.021 0.817 0.008 0.928 0.004 0.966
07-Jul 37 0.026 0.947 0.061 0.877 0.024 0.952 0.011 0.977
08-Jul 38 0.007 0.954 0.017 0.895 0.007 0.959 0.003 0.981
09-Jul 39 0.006 0.960 0.014 0.908 0.005 0.964 0.003 0.983
10-Jul 40 0.013 0.973 0.029 0.938 0.012 0.976 0.005 0.989
11-Jul 41 0.006 0.979 0.014 0.952 0.005 0.981 0.003 0.991
12-Jul 42 0.011 0.990 0.026 0.978 0.010 0.991 0.005 0.996
13-Jul 43 0.006 0.996 0.014 0.991 0.005 0.997 0.003 0.998
14-Jul 44 0.001 0.998 0.003 0.995 0.001 0.998 0.001 0.999
15-Jul 45 0.002 1.000 0.005 1.000 0.002 1.000 0.001 1.000
Mean 23.3 29.8 21.9 20.8

Variance 74.5 53.2 69.8 59.5
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Appendix B. Lower Yukon River test fishery proportions of
daily chinock salmon CPUE (8.5-in mesh
nets) by run of origin in 1982.

Date Day of Region of Origin

{1982} the Run Lower Middle Upper
06-Jun 6 0.048 0.248 0.704
07-Jun 7 0.048 0.248 0.704
08-Jun 8 0.048 0.248 0.704
09-Jun 9 0.048 0.248 0.704
10-Jun 10 0.048 0.248 0.704
11-Jun 11 0.048 0.248 0.704
12-Jun 12 0.048 0.248 0.704
13-Jun 13 0.048 0.248 0.704
14-Jun 14 0.059 0.269 0.671
15-Jun 15 0.059 0.269 0.671
16-Jun 16 0.089 0.267 0.645
17-Jun 17 0.089 0.267 0.645
18-Jun 18 0.089 0.267 0.645
19-Jun 19 0.078 0.295 0.628
20-Jun 20 0.078 0.295 0.628
21-Jun 21 0.078 0.295 0.628
22-Jun 22 0.078 0.295 0.628
23-Jun 23 0.306 0.165 0.529
24-Jun 24 0.308 0.165 0.529
25-Jun 25 0.306 0.165 0.529
26-Jun 26 0.314 0.226 0.460
27-Jun 27 0.314 0.226 0.460
28-Jun 28 0.314 0.226 0.460
29-Jun 29 0.314 0.226 0.460
30-Jun 30 0.530 0.047 0.421
01-Jul 31 0.530 0.047 0.421
02-Jul 32 0.530 0.047 0.421
03-Jul 33 0.572 0.204 0.224
04-Jul 34 0.572 0.204 0.224
05-Jul 35 0.572 0.204 0.224
06-Jul 36 0.572 0.204 0.224
07-Jul 37 0.572 0.204 0.224
08-Jul 38 0.572 0.204 0.224
09-Jul 39 0.572 0.204 0.224
10-Jul 40 0.572 0.204 0.224
11-Jul 41 0.572 0.204 0.224
12-Jul 42 0.572 0.204 0.224
13-Jul 43 0.572 0.204 0.224
14-Jul 44 0.572 0.204 0.224

15-Jul 45 0.572 0.204 0.224
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Appendix C. Dally and cumulative proportions of total chinook salmon CPUE from the Lower Yukon River test
fishery (8.5-in mesh nets), 1983.

Date Day of All Stocks Lower Middle Upper

(1983} Run Daily Cum. Daily Cum. Daily Cum. Daily Cum.

30-May 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.001

31-May 0.002 0.003 0.000 0.000 0.003 0.004 0.001 0.002
OlJun 1 0.004 0.007 0.001 0.001 0.006 0.010 0.003 0.008
02-Jun 2 0.012 0.019 0.002 0.003 0.017 0.027 0.010 0.015
03-Jun 3 0.062 0.081 0.009 0.011 0.089 0.117 0.050 0.065
04-Jun 4 0.058 0.140 0.008 0.019 0.083 0.200 0.046 0.111

05-Jun 5 0.070 0.209 0.010 - 0.029 0.100 0.300 0.056 0.167
06Jun 6 0.058 0.267 0.008 0.037 0.083 0.382 0.046 0.213
07~Jun 7 0.029 0.296 0.018 0.055 0.028 0.410 0.035 0.248
08-Jun 8 0.050 0.346 0.031 0.087 0.048 0.458 0.061 0.310
09Jun 9 0.123 0.469 0.077 0.163 0.118 0.576 0.151 0.460
10-Jun 10 0.014 0.484 0.009 0.172 0.014 0.590 0.018 0.478
11-Jun 11 0.023 0.507 0.006 0.179 0.017 0.607 0.039 0.517
12-Jun 12 0.016 0.523 0.004 0.183 0.012 0.619 0.028 0.543
13Jun 13 0.018 0.539 0.004 0.188 0.012 0.630 0.026 0.569
14-Jun 14 0.004 0.542 0.001 0.189 0.003 0.633 0.006 0.576
15-Jun 15 0.038 0.580 0.015 0.203 0.028 0.861 0.060 0.636
16~Jun 16 0.057 0.637 0.022 0.225 0.043 0.704 0.091 0.726
17-Jun 17 0.034 0.671 0.013 0.239 0.028 0.730 0.055 0.781
18-Jun 18 0.014 0.685 0.023 . 0.261 0.011 0.741 0.014 0.795
19-Jun 19 0.011 0.696 0.017 0.279 0.009 0.750 0.011 0.806
20-Jun 20 0.036 0.732 0.059 0.337 0.029 0.779 0.035 0.841
21-Jun 21 0.005 0.737 0.008 0.346 0.004 0.783 0.005 0.846
22-Jun 22 0.031 0.767 0.055 0.401 0.029 0.812 0.022 0.868
23~Jun 23 0.018 0.785 0.032 0.432 0.017 0.829 0.013 0.881
24-Jun 24 0.006 0.791 0.010 0.442 0.005 0.834 0.004 . 0.885
25-Jun 25 0.007 0.798 0.013 0.456 0.007 0.841 0.005 0.890
26-Jun 26 0.012 0.810 0.022 0.477 0.012 0.853 0.009 0.898
27-Jun 27 0.011 0.821 0.020 0.497 0.011 0.864 0.008 0.906
28-Jun 28 0.005 0.826 0.008 0.506 0.004 0.868 0.003 0.910
29-Jun 29 0.025 0.851 0.071 0.577 0.019 0.887 0.013 0.923
30-Jun 30 0.034 0.886 0.098 0.675 0.026 0.913 0.018 0.941
0l-Jul 31 0.006 0.892 0.017 0.692 0.005 0.918 0.003 0.944
02-Jul 32 0.013 0.904 0.036 0.728 0.010 0.927 0.007 0.950
03-Jul 33 0.029 0.933 0.082 0.810 0.022 0.949 0.015 0.965
04-Jul 34 0.013 0.947 0.038 0.848 0.010 0.959 0.007 0.972
05-Jul 35 0.003 0.949 0.008 0.856 0.002 0.962 0.001 0.974
06-Jul 36 0.008 0.958 0.024 0.880 0.006 0.968 0.004 0.978
07-Jul 37 0.006 0.963 0.016 0.896 0.004 0.972 0.003 0.981
08-Jul 38 0.002 0.966 0.007 0.902 0.002 0.974 0.001 0.982
09-Jul 39 0.004 0.969 0.011 0.913 0.003 0.977 0.002 0.984
10~Jul 40 0.003 0.972 0.008 0.921 0.002 0.979 0.001 0.986
11Jul 41 0.011 0.983 0.030 0.951 0.008 0.987 0.006 0.991
12-Jul 42 0.006 0.988 0.016 0.967 0.004 0.991 0.003 0.994
13-Jul 43 0.005 0.893 0.015 0.981 0.004 0.995 0.003 0.997
14-Jul 44 0.003 0.996 0.008 0.989 0.002 0.997 0.001 0.998
15-Jul 45 0.004 1.000 0.011 1.000 0.003 1.000 0.002 1.000
Mean 15.1 25.0 13.0 13.5

Variance 115.8 113.1 108.3 75.9
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Appendix D. Lower Yukon River test fishery proportions of daily
chinook salmon CPUE (8.5-in mesh nets) by run
of origin in 1983.

Date Day of Region of Origin

(1983) the Run Lower Middle Upper
30-May 0.022 0.691 0.287
31-May 0.022 0.691 0.287
0l-Jun 1 0.022 0.691 0.287
02-Jun 2 0.022 0.691 0.287
03-Jun 3 0.022 0.691 0.287
04-Jun 4 0,022 0.691 0.287
05-Jun 5 0.022 0.691 0.287
06-Jun 6 0.022 0.691 0.287
07-Jun 7 0.098 0.461 0.440
08-Jun 8 0.098 0.461 0.440
09-Jun 9 0.098 0.461 0.440
10-Jun 10 0.098 0.461 0.440
11-Jun 11 0.044 0.357 0.600
12-Jun 12 0.044 0.357 0.600
13-Jun 13 0.044 0.357 0.600
14-Jun 14 0.044 0.357 0.600
15~Jun 15 0.061: 0.363 0.576
16-Jun 16 0.061 0.363 0.576
17-Jun 17 0.061 0.363 0.576
18-Jun 18 0.257 0.387 0.356
19-Jun 19 0.257 0.387 0.356
20-Jun 20 0.257 0.387 0.356
21-Jun 21 0.257 0.387 0.356
22-Jun 22 0.282 0.462 0.256
23-Jun 23 0.282 0.462 0.256
24-Jun 24 0.282 0.462 0.256
25-Jun 25 0.282 0.462 0.256
26-Jun 26 0.282 0.462 0.256
27-Jun 27 0.282 0.462 0.256
28-Jun 28 0.282 0.462 0.256
29-Jun 29 0.448 0.365 0.187
30-Jun 30 0.448 0.365 0.187
01-Jul 31 0.448 0.365 0.187
02-Jul 32 0.448 0.365 0.187
03-Jul 33 0.448 0.365 0.187
04~Jul 34 0.448 0.365 0.187
05-Jul 35 0.448 0.365 0.187
06-Jul 36 0.448 0.365 0.187
07-Jul 37 0.448 0.365 0.187
08-Jul 38 0.448 0.365 0.187
09-Jul 39 0.448 0.365 0.187
10-Jul 40 0.448 0.365 0.187
11-Jul 4] 0.448 0.365 0.187
12-Jul 42 0.448 0.365 0.187
13-Jul 43 0.448 0.365 0.187
14-Jul 44 0.448 0.365 0.187

15-Jul 45 0.448 0.365 0.187
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Appendix E. Lower Yukon River test fishery proportions of
daily chinook salmon CPUE (8.5-in mesh
nets) by run of origin in 1984.

Date Day of ____Region of Origin

(1984) theRun Lower Middle Upper
06-Jun 6 0.352 0.518 0.130
07-Jun 7 0.352 0.518 0.130
08-Jun 8 0.352 0.518 0.130
09-Jun 9 0.352 0.518 0.130
10-Jun 10 0.352 0.518 0.130
11-Jun 11 0.352 0.518 0.130
12-Jun 12 0.352 0.518 0.130
13-Jun 13 0.352 0.518 0.130
14-Jun 14 0.352 0.518 0.130
15-Jun 15 0.350 0.529 0.120
16-Jun 16 0.350 0.529 0.120
17-Jun 17 0.350 0.529 0.120
18-Jun 18 0.190 0.580 0.230
19-Jun 19 0.190 0.580 0.230
20-dJun 20 0.366 0.550 0.084
21-Jun 21 0.366 0.550 0.084
22-Jun 22 0.366 0.550 0.084
23-Jun 23 0.477 0.230 0.293
24-Jun 24 0.477 0.230 0.293
25-Jun 25 0.477 0.230 0.283
26-Jun 26 0.477 0.230 0.293
27-Jun 27 0.602 0.307 0.091
28-Jun 28 0.602 0.307 0.091
29-Jun 29 0.640 0.294 0.067
30-Jun 30 0.653 0.189 0.158
01-Jul 31 0.653 0.189 0.158
02-Jul 32 0.653 0.189 0.158
03-Jul 33 0.653 0.189 0.158
04-Jul 34 0.653 0.189 0.158
05-Jul 35 0.653 0.189 0.158
06-Jul 36 0.653 0.189 0.158
07-Jul 37 0.653 0.189 0.158
08-Jul 38 0.653 0.189 0.158
09-Jul 39 0.653 0.189 0.158
10-Jul 40 0.653 0.189 0.158
11-Jul 41 0.653 0.189 0.158
12-Jul 42 0.653 0.189 0.158
13-Jdul 43 0.653 0.189 0.158
14-Jul 44 0.653 0.189 0.158

15-Jul 45 0.653 0.189 0.158
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Appendix F. Daily and cumulative proportions of total chinook salmon CPUE from the Lower Yukon River test
fishery (8.5-in mesh nets), 1984.

Date Day of All Stocks Lower Middle Upper

(1984) Run Daily Cum. Dally Cum. Daily Cum. Daily Cum.
08Jun 8 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
09dJun 9 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001
10Jun 10 0.000 0.001 0.000 0.001 0.001 0.002 0.000 0.001
11-Jun 11 0.001 0.002 0.001 0.002 0.001 0.003 0.001 0.002
12-Jun 12 0.020 0.022 0.015 0.017 0.027 0.031 0.016 0.018
13-Jun 13 0.038 0.060 0.029 0.045 0.053 0.083 0.031 0.048
14~Jun 14 0.047 0.107 0.035 0.080 0.065 0.148 10.038 0.086
15~Jun 15 0.065 0.171 0.048 0.129 0.092 0.240 0.048 0.134
16-Jun 16 0.027 0.199 0.021 0.149 0.039 0.279 0.021 0.155
17-Jun 17 0.041 0.240 0.031 0.180 0.058 0.337 0.031 0.186
18~Jun 18 0.030 0.269 0.012 0.192 0.048 0.383 0.043 0.228
19-Jun 19 0.005 0.275 0.002 0.195 0.009 0.392 0.008 0.236
20-Jun 20 0.059 0.334 0.046 0.241 0.087 0.479 0.031 0.267
21Jun 21 0.110 0.444 0.086 0.327 0.162 0.641 0.057 0.324
22-Jun 22 0.015 0.459 0.012 0.339 0.022 0.663 0.008 0.332
23-Jun 23 0.079 0.538 0.081 0.420 0.049 0.712 0.144 0.477
24-Jun 24 0.080 0.618 0.081 0.501 0.049 0.761 0.145 0.622
25-Jun 25 0.054 0.672 0.056 0.557 0.034 0.795 0.099 0.721
26~-Jun 26 0.009 0.681 0.009 0.566 0.005 0.800 0.016 0.737
27Jun 27 0.070 0.751 0.091 0.657 0.058 0.858 0.040 0.777
28-Jun 28 0.044 0.796 0.057 0.714 0.037 0.895 0.025 0.802
29-Jun 29 0.005 0.801 0.007 0.721 0.004 0.899 0.002 0.804
30Jun 30 0.008 0.807 0.009 0.730 0.003 0.902 0.006 0.810
0l-Jul 31 0.010 0.817 0.014 0.744 0.005 0.907 0.010 0.820
02-Jul 32 0.030 0.847 0.042 0.786 0.015 0.922 0.029 0.849
03-Jul 33 0.011 0.858 0.016 0.802 0.006 0.928 0.011 0.861
04-Jul 34 0.034 0.892 0.048 0.850 0.017 0.945 0.034 0.894
05-Jul 35 0.043 0.9386 0.061 0.910 0.022 0.967 0.043 0.937
06-Jul 36 0.013 0.949 0.019 0.929 0.007 0.974 0.013 0.950
07-Jul 37 0.022 0.971 0.030 0.959 0.011 0.985 0.021 0.971
08-Jul 38 0.010 0.980 0.013 0.972 0.005 0.990 0.009 0.981
09-Jul 39 0.008 0.988 0.011 0.983 0.004 0.994 0.008 0.988
10~Jul 40 0.001 0.989 0.001 0.985 0.000 0.994 0.001 0.989
11Jul 41 0.004 0.993 0.006 0.990 0.002 0.997 0.004 0.993
12-Jul 42 0.001 0.994 0.001 0.992 0.000 0.897 0.001 0.994
13-Jul 43 0.003 0.997 0.004 0.996 0.001 0.998 0.003 0.997
14-Jul 44 0.003 1.000 0.004 0.999 0.001 1.000 0.003 1.000
15Jul 45 0.000 1.000 0.001 1.000 0.000 1.000 0.000 1.000
Mean 23.5 25.3 21.1 24.0

Variance 51.6 54.1 40.9 45.8
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Appendix G.  Daily and cumulative proportions of total chinook salmon CPUE from the Lower Yukon River test
fishery (8.5-i1n mesh nets), 1985.

Date Day of All Stocks Lower Middle Upper

(1985) Run Dally Cum. Daily Cum. Daily Cum. Daily Cum.
16-Jun 16 0.002 0.002 0.001 0.001 0.002 0.002 0.002 0.002
17-Jun 17 0.002 0.003 0.001 0.002 0.002 0.005 0.002 0.004
18-Jun 18 0.013 0.016 0.008 0.011 0.019 0.024 - 0.016 0.020
19-Jun 19 0.008 0.024 0.008 0.016 0.012 0.036 0.010 0,031
20-Jun 20 0.019 0.043 0.013 0.029 0.029 0.065 0.024 0.055
21-Jun 21 0.038 0.082 0.026 0.055 0.058 0.123 0.049 0.104
22-Jun 22 0.045 0.128 0.030 0.085 0.068 0.190 0.057 0.161
23-Jun 23 0.030 0.156 0.020 0.105 0.044 0.2356 0.038 0.199
24~Jun 24 0.061 0.217 0.048 0.153 0.100 0.335 0.068 0.265
25-Jun 25 0.031 Q.247 0.024 0.177 0.051 0.386 0.033 0.298
26-Jun 26 0.021 0.269 0.015 0.192 0.066 0.452 0.017 0.315
27-Jun 27 0.095 0.364 0.067 0.259 0.295 0.747 0.076 0.391
28-Jun 28 0.039 0.403 0.027 0.286 0.120 0.867 0.031 0.422
29-Jun 29 0.074 0.477 0.076 0.363 0.046 0.913 0.080 0.502
30~Jun 30 0.057 0.535 0.059 0.422 0.036 0.849 0.062 0.564
0l-Jul 31 0.049 0.583 0.050 0.472 0.030 0.979 0.052 0.616
02-Jul 32 0.033 0.617 0.034 0.506 0.021 1.000 0.036 0.652
03-Jul 33 0.054 0.671 0.070 0.576 0.000 1.000 0.049 0.701
04-Jul 34 0.047 0.718 0.060 0.636 0.000 1.00 0.042 0.743
05-Jul 35 0.021 0.738 0.027 0.662 0.000 1.000 0.019 0.762
0o6Jul 36 0.014 0.752 0.018 0.680 0.000 1.000 0.012 0.775
07Jul 37 0.042 0.794 0.054 0.734 0.000 1.000 0.038 0.812
08-Jul 38 0.084 0.877 0.108 0.842 0.000 1.000 0.076 0.889
09-Jul 39 0.048 0.925 0.061 0.903 0.000 1.000 0.043 0.932
10-Jul 40 0.021 0.948 0.027 0.930 0.000 1.000 0.019 0.951
11-Jul 41 0.023 0.969 0.030 0.960 0.000 1.000 0.021 0.972
12-Jul 42 0.009 0.978 0.011 0.971 0.000 1.000 0.008 0.980
13Jul 43 0.013 0.990 0.0186 0.987 0.000 1.000 0.011 0.991
14Jul 44 0.010 1.000 0.013 1.000 0.000 1.000 0.009 1.000
15-Jul 45 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000
Mean 30.5 32.0 25.7 29.9

Variance 40.8 38.7 9.8 42.3
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Appendix H. Lower Yukon River test fishery proportions of
daily chinook salmon CPUE (8.5-in mesh
nets) by run of origin in 1985,

Date Day of Region of Origin

(1985) the Run Lower Middle Upper
16-Jun 16 0.333 0.162 0.504
17-Jun 17 0.333 0.162 0.504
18-Jun 18 0.333 0.162 0.504
19-Jun 19 0.333 0.162 0.504
20-Jun 20 0.333 0.162 0.504
21-Jun 21 0.333 0.162 0.504
22-Jun 22 0.333 0.162 0.504
23-Jun 23 0.333 0.162 0.504
24-Jun 24 0.390 0.178 0.432
25-Jun 25 0.390 0.178 0.432
26-Jun 26 0.350 0.335 0.315
27-Jun 27 0.350 0.335 0.315
28-Jun 28 0.350 0.335 0.315
29-Jun 29 0.508 0.067 0.425
30-Jun 30 0.508 0.067 0.425
01-Jul 31 0.508 0.067 0.425
02-Jul 32 0.508 0.067 0.425
03-Jul 33 0.640 0.000 0.360
04-Jul 34 0.640 0.000 0.360
05-Jul 35 0.640 0.000 0.360
06-Jul 36 0.640 0.000 0.360
07-Jul 37 0.640 0.000 0.360
08-Jul 38 0.640 0.000 0.360
09-Jul 39 0.640 0.000 0.360
10-Jul 40 0.640 0.000 0.360
11-Jul 4] 0.640 0.000 0.360
12-Jul 42 0.640 0.000 0.360
13-Jul 43 0.640 0.000 0.360
14-Jul 44 0.640 0.000 0.360

15-Jul 45 0.640 0.000 0.360
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Appendix I. Daily and cumulative proportions of total chinook salmon CPUE from the Lower Yukon River test
fishery (8.5-in mesh nets), 1986.

Date  Day of All Stocks Lower Middle Upper

(1986} Run Daily Cum. Daily Cum. Daily Cum. Daily Cum.
08Jun 8 0.002 0.002 0.001 0.001 0.001 0.001 0.003 0.003
09-Jun 9 0.005 0.008 0.002 0.003 0.004 0.005 0.007 0.010
10-Jun 10 0.003 0.011 0.001 0.004 0.002 0.007 0.004 0.014
11-Jun 11 0.005 0.018 0.002 0.006 0.003 0.010 0,007 0.021
12-Jun 12 0.017 0.033 0.007 0.013 0.011 0.022 0.022 0.043
13Jun 13 0.014 0.046 0.005 0.018 0.009 0.031 0.018 0.061
14-Jun 14 0.020 0.066 0.007 0.025 0.003 0.034 0.027 0.088
15-Jun 15 0.047 0.113 0.016 0.042 0.007 0.041 0.063 0.151
16~Jun 16 0.030 0.143 0.010 0.052 0.005 0.046 0.040 0.191
17-Jun 17 0.052 0.195 0.018 0.070 0.008 0.054 0.070 0.260
18-Jun 18 0.114 0.309 0.120 0.191 0.000 0.054 0.115 0.375
19~-Jun 19 0.110 0.419 0.118 0.307 0.000 0.054 0.110 0.485
20-Jun 20 0.017 0.436 0.018 0.325 0.000 0.054 0.017 0.502
21Jun 21 0.076 0.512 0.080 0.405 0.000 0.054 0.075 0.577
22-Jun 22 0.041 0.553 0.031 0.436 0.398 0.452 0.036 0.613
23-Jun 23 0.037 0.590 0.028 0.464 0.367 0.819 0.033 0.647
24-Jun 24 0.018 0.608 0.014 0.478 0.181 1.000 0.016 0.663
25-Jun 25 0.070 0.678 0.082 0.560 0.000 1.000 0.066 0.729
26-Jun 26 0.107 0.785 0.126 0.686 0.000 1.000 0.101 0.829
27-Jun 27 0.047 0.833 0.056 0.741 0.000 1.000 0.044 0.874
28-Jun 28 0.020 0.853 0.029 0.771 0.000 1.000 0.018 0.890
29-Jun 29 0.017 0.870 0.025 0.796 0.000 1.000 0.013 0.903
30-Jun 30 0.004 0.874 0.006 0.802 0.000 1.000 0.003 0.906
0l-Jul 31 0.019 0.893 0.023 0.825 0.000 1.000 0.018 0.924
02-Jul 32 0.027 0.920 0.032 0.857 0.000 1.000 0.025 0.949
03-Jul 33 0.020 0.940 0.041 0.899 0.000 1.000 0.010 0.958
04-Jul 34 0.008 0.945 0.012 0.911 0.000 1.000 0.003 0.961
05-Jul 35 0.004 0.950 0.008 0.919 0.000 1.000 0.002 0.963
06-Jul 386 0.009 0.959 0.019 0.938 0.000 1.000 0.004 0.968
07-Jul 37 0.005 0.963 0.007 0.945 0.000 1.000 0.004 0.971
08-Jul 38 0.005 0.968 0.007 0.951 0.000 1.000 0.004 0.975
09-Jul 39 0.012 0.980 0.018 0.970 0.000 1.000 0.009 0.984
10Jul 40 0.003 0.982 0.004 0.974 0.000 1.000 0.002 0.986
11Jul 41 0.001 0.984 0.002 0.976 0.000 1.000 0.001 0.987
12-Jul 42 0.005 0.989 0.007 0.983 0.000 1.000 - 0.004 0.991
13-Jul 43 0.005 0.994 0.007 0.991 0.000 1.000 0.004 0.995
14-Jul 44 0.005 0.999 0.007 0.998 - 0.000 1.000 0.004 0.999
15~Jul 45 0.001 1.000 0.002 1.000 0.000 1.000 0.001 1.000
Mean 22.6 24.7 22.3 21.6

Varilance 43.5 45.4 5.4 40.3
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Appendix J. Lower Yukon River test fishery proportions of
daily chinook salmon CPUE (8.5-in mesh
nets) by run of origin in 1986.

Date Day of Region of Origin

(1986) the Run Lower Middle Upper
08-Jun 8 0.128 0.012 .861
09-Jun 9 0.128 0.012 0.861
10-Jun 10 0.128 0.012 0.861
11-Jun 11 0.128 0.012 0.861
12-Jun 12 0.128 0.012 0.861
13-Jun 13 0.128 - 0.012 0.861
14-Jun 14 0.115 0.003 0.883
15-Jun 15 0.115 0.003 0.883
16-Jun 16 0.115 0.003 0.883
17-Jun 17 0.115 0.003 0.883
18-Jun 18 0.343 0.000 0.658
19-Jun 19 0.345 0.000 0.655
20-Jun 20 0.345 0.000 0.655
21-Jun 21 0.345 0.000 0.655
22-Jun 22 0.246 0.172 0.583
23-Jun 23 0.246 0.172 0.583
24-Jun 24 0.246 0.172 0.583
25-Jun 25 0.383 0.000 0.617
26-Jun 26 0.383 0.000 0.617
27-Jun 27 0.383 0.000 0.617
28-Jun 28 0.485 0.000 0.516
29-Jun 29 0.485 0.000 0.516
30-Jun 30 0.485 0.000 0.516
01-Jul 31 0.394 0.000 0.607
02-Jul 32 0.390 0.000 0.610
03-Jul a3 0.680 0.000 0.320
04-Jul 34 0.680 0.000 0.320
05-Jul 35 0.680 0.000 0.320
06-Jul 36 0.680 0.000 0.320
07-Jul 37 0.488 0.000 0.512
08-Jul 38 0.488 0.000 0.512
09-Jul 39 0.488 0.000 0.512
10-Jul 40 0.488 0.000 0.512
11-Jul 41 0.488 0.000 0.512
12-Jul 42 0.488 0.000 0.512
13-Jul 43 0.488 0.000 0.512
14-Jul 44 0.488 0.000 0.512

15-Jul 45 0.488 0.000 0.512
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