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INTRODUCTION

Counting towers have been used to enumerate sockeye salmon Oncorhynchus nerka escapements
in the Bristol Bay area of Alaska since the early 1950s (Figure 1). When combined with
commercial catch and age class information, the escapement data allow biclogists to estimate
spawner-recruit relationships. Knowledge of such relationships is essential if biologists are to

manage the commercial harvest of sockeye salmon on a maximum sustained yield basis.

The purpose of this report is to compile and review all Bristol Bay historical tower counting
projects and data. This information was collected frém file archives as well as data presented in
published annual reports of the United States Fish and Wildlife Service (USFWS) and the Alaska
Department of Fish and Game (ADF&G). The most recent data collected from towers is also

presented in this report.

PROJECT HISTORY

Prior to Alaska achieving statehood, commercial fisheries in Bristol Bay were managed by the
USF.WS. In order to obtain sockeye salmon escapement information, large weirs were
installed in the major river drainages that supported sockeye salmon. These weir projects were
very costly; they required large pieces of equipment, crews of up to a dozen seasonal employees
and supplies to feed and lodge these crews for the summer season. These weirs were also

difficult to maintain.



W.F. Thompson with the Fisheries Research Institute of the University of Washington (FRI)
initially proposed meaking viswal counts of migrating salmon from observation towers
(Thompson 1962). The initial experiment to count sockeye salmon was conducted on the Wood
River in 1953 and again in 1954. In 1955, while continuing the Wood River project, a counting

tower was set up on the Kvichak River that continued for 5 years (Becker 1962).

Studies on the Egegik River were conducted in 1956 and 1957 by the U.S.F.W.S (Rietze, 1957,
Spangler and Rietze, 1958) to compare the counts obtained by counting towers with those
obtained from the weir. During the period of heaviest migration, four gates were opened in the
weir. Counting occurred at each gate for 20 minutes out of each hour. Counts were then
converted to hourly estimates of fish passing through the weir. In comparison, four towers were
employed to observe migration of sockeye salmon, two above the weir and two below the weir.
Towers located below the weir were improperly placed to enumerate the escapement because of
large numbers of fish moving downstream. Towers located above the weir, however, provided
an estimate of the sockeye escapement that agreed with the weir estimate. In 1956, an estimated
984,908 fish passed the counting towers as compared with 1,063,877 salmon counted through the
weir during the sampling period. This represents a —7.4% relative error in the tower estimate
with respect to the weir estimate. In 1957 an estimated 712,124 salmon passed the counting
towers while 631,001 fish were estimated to have passed the weir during the sampling period.
This represents a +12.9% relative error in the tower estimate with respect to the weir estimate.
Because this error was small, weirs were discontinued in Bristol Bay. In 1957, all major streams

in Bristol Bay were monitored with counting towers.
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Currently in the Bristol Bay area there are eight sockeye salmon counting towers in operation;
four on the eastside and four on the westside (Figure ). Tower projects on the eastside of
Bristol Bay are located on the Kvichak, Naknek, Egegik and Ugashik Rivers. The Kvichak
River towers (Figure 2) are located on the mainstem of the river, approximately one quarter mile
downstream of Lake Iliamna’s outlet. The Naknek River tower (Figure 3} is located near the
Naknek River “rapids”, three miles downstream of the outlet of Naknek Lake. The Egegik River
towers (Figure 4) are situated between the outlet of Becharof Lake and Egegik Lagoon. The
Ugashik River towers (Figure 5) are located between the Lower Ugashik Lake and Ugashik
Lagoon. The four tower projects on the westside of Bristol Bay are located on the Wood,
Nuyakuk, Igushik, and Togiak Rivers. Wood River towers (Figure 6) are located downstream of
the outlet of Lake Aleknagik. Nuyakuk River towers (Figure 7) are approximately two miles
upstream of the confluence of the Nuyakuk and Nushagak Rivers. Igushik River towers (Figure
8) are located near the outlet of Amanka Lake. Togiak River towers (Figure 9) are situated near

the outlet of Togiak Lake.

The Kvichak River Tower is the oldest project on the eastside, operating since 1955. The Woad
River Tower is the oldest continuous westside tower project, operating since 1956. Other tower
projects have operated occasionally. The Branch River Tower only operated from 1957 until
1976. A review of the field notes from the Branch River indicates that most days had incomplete
counts due to poor visibility. The Snake River Tower Project was converted to a weir for an
enhancement project in 1974. Nuyakuk River Tower Project was operated from 1959 to 1988
and was terminated when funding ceased. ADF&G and FRI initiated a joint project to resume

counting on the Nuyakuk River in 1995. It has operated continuously since that time but was



fully funded by the Department in 1999. The Nuyakuk project has an uncertain future at this

time.

The following is a listing of all sockeye salmon counting towers and the years of operation.

RIVER SYSTEM YEARS OF OPERATION ISTATUS
EGEGIK 19357-1999 CURRENT
KVICHAK 1955-1999 CURRENT
NAKNEK 1958-1999 CURRENT
UGASHIK 1957-1999 CURRENT
WwWOOD 1956-1999 CURRENT
IGUSHIK 1958-1999 CURRENT
NUYAKUK 1959-1988 and 1995-1999 Tentative funding
TOGIAK 1960-1999 . CURRENT
BRANCH 1957-1976 NONOPERATIONAL
SNAKE 1960-1973 NONOPERATIONAL

Historical tower counts by river system, year and day can be found in Appendix A.1-A.8.
Wherever possible, information from archived files is included. Appendix C contains historic
informational reports that are no longer in print and difficult to obtain. Tower counts have been
presented in Annual Management Reports (AMR) from 1960 to 1999. These reports
occasionally noted seasonal anomalies. For example, in the 1971 AMR, spring arrived late in
Bristol Bay and this also caused a slight delay in sockeye salmon migration. Most AMR’s do
not, however, have supporting text to explain seasonal anomalies or sockeye escapement trends,

and seasonal information regarding sockeye migration is not noted in this report.

A historical comparison of sockeye salmon escapement counts with annual escapement ranges
and point goals for each river can be found in Tables 1-7. Annual tower counts for the eight
major sockeye counting tower projects in Bristol Bay are presented in Table 8. Escapement data

for 1999 is provided in Tables 9-16.
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MATERIALS AND METHODS

Site Selection

The locations of sockeye salmon counting towers have changed very little over time. All tower
sites are located near the outlet of rearing lakes, except for the Nuyakuk tower, which is located
several miles upstream of the confluence of the Nuyakuk River and the Nushagak River. The
Egegik, and Ugashik tower sites are located at the original weir sites (Rietze 1957). The Naknek

tower site moved from the original weir site after a few years of operation to it’s present location.

Ideally, a counting tower site is located where the water velocity encourages fish to travel close
to the banks and where “crossing over” of fish from one river bank to the other is minimal.
Another important criteria for a counting site is clear water. Water will be clear if the bank 18
stable, the substrate hard, and the site is sheltered from high winds. Counting towers do not

provide useful data if estimated on rivers containing significant quantities of glacial material.

Site Description

Following are descriptions of Bristo] Bay towers. Graphs representing westside tower sites with
bottom profiles and fish passage range can be found in figures 10 through 13. Data collection

will continue until it has been completed for all towers in the bay.

Wood River Tower
The tower site is located about 400 meters downstream of Lake Aleknagik on the Wood River.

A cabin, bunkhouse, net shed, and shop are found on the right bank (RB) of the lagoon at the end



of the road in the Atsat Subdivision off Lake Road. A wall tent is located on the left bank (LB)
near the Kohler residence property line. The tower is placed 150 feet downstream of the tent at
about three feet from shore. The right bank(RB) tower is placed about 300 feet upstream of the
left bank(LB) tower site about 4 feet from shore. Sockeye travel on the LB between six and forty
feet from shore with the highest passage within.the twelve to twenty-five feet range. On the RB
sqckeye swim within one-half foot to fifty feet of the shore. Most fish on the RB pass at twenty
to twenty-five feet. The tidal fluctuation of several feet at this site moves the fish passage. High
water levels and large numbers of fish tend to bring the fish closer to shore. When salmon

numbers drop or become sporadic and water is low, fish tend to migrate further away from shore.

Igushik Tower

The tower site is located at the mouth of Amanka Lake on the Igushik River. A cabin, shed, and
a wall tent are situated about 100 yards downstream of the mouth on the LB. The LB tower is
located 120 feet downstream of the cabin directly on the shore. The RB tower is located directly
across the river from the cabin site about 3 feet from the shoreline. Sockeye salmon on the LB
travel between thirteen and forty-five feet from shore with most passage of fish twenty to thirty
feet from shore. On the RB fish migration was between twenty-five to fifty-five feet with the
highest percentage of passage within the thirty to thirty-five foot corridor. This system is very
shallow when compared to others in Bristol Bay and fish travel at greater distances from shore,
sometimes even in the middle. Because of good water clarity and shallow river depth, spotting

sockeye 1s not difficult.
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Nuyakuk Tower

The tower site is located approximately 8 miiés upstream of the Nuyakuk and Nushagak Rivers,
near a small lagoon and slough. A cabin and shed are located on the LB on a river bend near the
lagoon. The LB tower is placed on the bank about 300 feet downstream of the cabin. The RB
tower is located directly across from the cabin on the shoreline. Sockeye salmon on the LB travel
from five to thirty feet from shore with the highest percentage of fish in the area from fifteen to
twenty feet from shore. On the RB sockeye traveled from five to twenty-five feet with the
highest percentage at ten to fifteen feet. Nuyakuk tower site has a greater depth than all the other

sites. The shoreline drops abruptly which causes the fish to swim close to shore.

Togiak Tower

The tower site is located about a mile downstream from the mouth of Togiak Lake. Two cabins
and a shed are approximately 150 yards upstream of the towers. The RB tower is on a bluff with
a wall tent directly behind the tower. The LB tower is positioned directly across from the RB
tower and 1s placed approximately twenty feet from shore. On the LB sockeye salmon migrate
between thirty and sixty-five feet from shore with the highest percentage of fish within forty to
forty-five feet from shore. On the RB fish migrate from ten to fifty feet from shore with the
highest percéntage migrating from twenty to twenty-five feet. In the 1999 season the LB tower
was moved thirty-five feet from shore in order to adequately count fish. Since water level had
dropped remarkedly, the school of sockeye were generally spreadout at large distance from

shore.



Kvichak Tower
On the LB sockeye salmon migrate from ten to thirty feet from shore. Most passage is close to th
bank due to higher water velocity further away from the bank. On the RB sockeye migrate from

twelve to thirty feet from shore.

Naknek Tower

On the LB fish migrate from twenty to forty-five feet from shore. Fish migration on the RB
ranges from fifteen to thirty feet from shore. The higher velocity on the RB had a tendency to
move the fish closer to shore but the LB migration was more uniform and spread out over a

wider area.

Egegik Tower
The LB sockeye migration occurs in an area from twenty to forty feet from shore. Right Bank

(RB) passage of sockeye occurs from fifteen to thirty-five from shore.

Ugashik Tower

The LB migration occurs in an area from ten to twenty-five feet from shore. The RB sockeye
migration is also from ten-to twenty-five feet from shore. Water velocity was not attained during
the duration of the tower project but the fast water beyond twenty-five feet on either side tends to
push fish towards the shoreline. The migration on the LB is through a portion of back water so
that fish are able to swim at various depths and become stacked when in large concentrations.

The LB deep channel allows fish to swim deep and makes them difficult to count.
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Equipment

The two counting towers reach a height of twenty feet at most sites. Each tower is made of
aluminum scaffolding and supports a platform at the top where the observer stands or sits while

counting. Some towers have tarpaulins for shelter.

Different kinds of artificial substrate are placed on the bottom of the river to make fish more
visible. The substrate could be canvas that has been painted white, white boards wired together,
or a metal grating that has been painted white. Substrates may be held in place by sandbags or

large rocks or they may be staked on the bottom.

During the night, lights are used to illuminate the counting areas. Initially red and blue colored
lights were used to increase visibility at night. However, colored lights did not work well. They
were not bright enough to provide adequate light for observers and caused fish to move offshore
during migration. Currently, standard white automobile headlights are used. These lights are
placed to enhance night visibility. The offshore illumination guides fish closer to the substrate.
The lights are mounted in boxes at the top of each tower and are powered by 12 volt batteries.

The batteries are charged daily with solar panels or gasoline-powered generators.

Each tower site also has equipment to assist with visibility during windy weather. A triangular
shaped apparatus made from wood that floats on the water, is called a “riffle damper”, is placed
in the water just upstream of the tower to smooth out the river surface and improve visibility. At
the Ugashik counting towers the wind is ofien too strong for a riffle damper to work effectively

and alternative sites have been established for counting on stormy days. Alternative sites are



accessible on foot and sites use platform stepladders that are tethered with steel cables for

stability in high wind.

Some sites have “fish deflectors” that cause fish to move closer to the bank and stay within the
tower observer’s vision. Fish deflectors can be made of bright buoys, light colored flagging or a

white board on the bottom.

Each camp has two aluminum skiffs and outboard motors. The crewmermbers use these skiffs to
trave] from their living site to the counting site and also to different areas of the river to catch

and sample fish for length, age-class and sex data.

Age and sex information on the migrating sockeye salmon are collected using a seine. Crews
use either a beach or trip seine to gather fish. Beach seines are held in the current while fish
collect in them and then are brought to the beach. Trip seines are held against the current until
enough fish trip the net, which then surrounds and holds the school. A dipnet is then used to
move the seined fish into a partially submerged holding pen made of wood or PVC pipe. The

holding pens may hold 50 to 150 fish.

To communicate with the King Salmon or Dillingham offices, each tower camp is provided with
a single sideband radic. Management biologists are provided with fish passage rates, sampling
information and weather conditions. In recent years, communication at several camps has been
improved with the use of cellular phones. These phones have allowed crews to communicate
more freely with field offices and have added an extra measure of safety in the event of an

emergency.
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Housing

Each camp has a main cabin for the crew. Most sites also have a tent that is located next to the
tower site that houses the radio and sampling equipment. Some camps have a separate structure
for sleeping quarters. Each camp-has an outhouse and a sauna. Some sites have a building to

store supplies over the winter. .
Personnel

During the early years, tower crews consisted of two-to-four crewmembers. All tower projects
in Bristol Bay now employ three crew members. Field crews are assisted by a field camp
coordinator and a project biologist. The field camp coordinator travels to each camp several
times during the short season and provides boat safety instruction and training for new crew
members in species identification fish species and counting techniques. The coordinator is
usually present during periods of high fish passage to provide quality control and sampling

assistance.

Operations
Each counting tower project is assigned an operating period over which it is assumed it will
count the majority of the sockeye salmon migrating through the drainage. Beginning dates are

coordinated to allow the crews to arrive at the beginning of the normal migration. Tower project

ending dates are finalized inseason. Typically when tower counts drop to less than one percent

11



of the total escapement, for three consecutive days; the tower counting project is terminated for

the season.

Field crews are sent out from Dillingham and King Salmon by chartered plane or if the towers
are close to town, they travel by skiff to the tower site. Crews usually spend one day setting up
the towers and are able to begin counting fish from the tower by the second day, As soon as the
towers have been set up, each person works an eight-hour shift so that an estimate of fish passage
can be made 24 hours a day.
The procedure for counting is as follows:
1) A fish count is made at the top of the hour for ten minutes from one tower;
2) The person records the number, leaves the tower and uses a skiff to move to the
opposite side of the river;
3) At twenty minutes after the hour another fish count is made for ten minutes;
4) Each 10-minute count from each tower is expanded by a factor of six and then
totaled to yield an hourly passage estimate for the whole river.
Audible timers are used to delineate counting intervals. Counts are reported by radio or

telephone to the area office several times daily.

As the sockeye salmon migration progresses, samples to determine age, sex, and length are
collected using a beach or trip seine. Sockeye salmon lengths are measured with calipers from
the mid-eye to the fork in the tail to the nearest millimeter. Sex is determined by external
inspection. A scale is removed from each fish and affixed to a gum card for fiture age

determination.
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Samples are collected in 2 systematic manner in order to have a statistically valid representation
of the spawning population. Saniple size gc;als for sockeye are set at 500 fish per species per
stratum. Togiak tower, Igushik tower and Nuyakuk tower collect 2 stratum and the remainder of
the tower projects collect 3 stratum. Sample size goals for each tower project may be adjusted
annually to account for high numbers of unreadable scales encm;llltered the previous year. These
goals were selected to ensure that a sufficient sampl'e would be collected, such that each major

age group in each stratum would be estimated within 5% of its true value with 90% probability.

RESULTS
Tower Counts

The 1999 Bristol Bay Tower data by river system and day are listed in Tables 9-16. Historical
tower data for currently operating towers for all years by river system and day are in Appendixes
A.1-A.8. These appendix tables list sockeye salmon counts for each of the eight major towers
that operated since 1960. Historic tower data of other species are listed in Tables 17-20.
Appendix B contains tower data for tower projects that are no longer operating. Historical tower

counts by river system by year are given in Table 8.

Diagnostics
Hourly Counts
Daily estimates from counting towers have been published in annual reports of the USFWS and
ADF&G. The USFWS evaluated tower counts when projects were operated simultaneously with

weirs (Spangler and Reitze 1957). When the first towers began operation, counts were made at

13



five, ten and twenty minute periods. After evaluation of these different strategies, towers used
15 minute counting periods and then changed to ‘one 10-minute counting period (Seibel, 1967).
Ten-minute hourly counts have been used since, and have been periodically checked for
accuracy. In 1965 and 1966 tower data was col]ectc;d from six rivers in Bristol Bay, one in
Norton Sound and one in Prince Wi'lliam Sound. This study compared whole hour counts to 10-
minute counts that were expanded by six to represent an hourly count. This report concluded

that 10 minute counts provided an acceptable level of accuracy (Setbel, 1967).

Comparison Counts

In the mid-fifties, it became necessary to find an alternative counting method to weirs. Counting
towers were operated simultaneously with the weirs so that the two methods could be compared.
The Bureau of Commercial Fisheries, USFWS, compared tower counts with the weir count at the
Egegik River weir from July 12 to July 30, 1956 (Reitze 1957). The tower count of 984,908 was
only 7.4 percent lower than the weir count of 1,063,877. Most of the difference occurred on July
16 and 17 when the fish switched to the opposite side of the river where there was no counting
tower. If these two days were eliminated from the compared counts, the tower count would have
been 857,390, only 1.1 percent higher than the weir count of 847,805 fish. These tower counts
were made using two 15-minute counting periods each hour and produced 95 percent confidence
limits for percent mean relative error of (+ or —) 3.90 percent(tower vs weir). Counts obtained
from using one ten-minute period each hour produced 95 percent confidence limits of (+ or )
6.08 percent. Data gathered by F.R.I. at the Kvichak River in 1959 (Becker, 1962) supported the
conclusions of Reitze (1957( in that ten minute counts taken systematically each hour from each

tower were highly efficient.

14

U




ADF&G continues to use 10-minute counts. Work documented by Seibel (1967) indicates 95
percent confidence limits of -7.1 percent to 8.9 percent for counts obtained by 10-minute hourly
counts. Seibel (1967) also states, “In general, the degree of accuracy of escapement. estimates
obtained through the use of counting towers is comparable with the accuracy of other biological

data collected and used to describe the population dynamics of salmon stocks.”

In 1966, and periodically until 1972, the Wood River counting towers were used to test the
accuracy of the Bendix Corporation sonar salmon counters (ADF&G 1964). During the 1967

tests, the difference between the two methods was only 1.2 percent.

Variability among counting personnel has been a concern and considered a possible source of
error (ADF&G 1964). In 1971 counts were made by each of the three crew members at the
Wood River Tower. A total of 18, 10-minute counts were made with each ecrew member: 6
during good daylight conditions, 6 at night and 6 during dawn or dusk hours.

The percentage errors between the three counters and the experienced counter were:

Crew member 1 +1.3
Crew member 2 +1.2
Crew member 3 -1.8
Combined total +0.4

The combined total percent error for all counters was +0.4 or 117 fish for a count of 29,000 fish.

In general, the lower the actual counts in a 10-minute interval, the lower the percent errors

15



between counters. The percent error for 33 counts of 0-200 fish was only —0.09 percent, while

for ten counts of 800-2,500 fish the variation was +1.8 percent.

Department biologists periodically check the alccuracy of tower employee counts and ensure that
accuracy and consistency are maintained. The tower camp coordinator will complete hourly
counts with each crew member several times during a season to ensure that each crew member is
able to count in a consistent manner. Comparison counts from eastside towers for 1999 can be
found in Appendix C. New crew members were checked for 24 to 48 hours during their training
to ensure accuracy in counting. Crew members with several years of experience were checked

for 16 to 20 hours.

Conditions for 1999 Bristol Bay Towers

Since spring arrived late, tower crews had to deal with colder than normal temperatures and
several systems had high water. There were severe;I storms, one severe enough to cause turbidity
at the Ugashik tower for a brief period. During 1999 fish behavior at the Egegik and Ugashik
towers was somewhat unusual. Cold lake water caused sockeye salmon to hold in the lower half
of Egegik and Ugashik Lagoons and in the Egegik and Ugashik Rivers. After fish swam past the
tower and entered the lake a portion of them returned to the tower area and mixed with fish that
were moving up from the lagoon. This occurred with greater frequency early in the season when
the lake water was the coldest.

During 1999 the water velocity and river width were collected from each site. Water velocity

was taken with a Model 622 Teledyne Gurley meter.
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Tower Velocity and River Width

Wood River July 7 @ 2.59 ft./sec and river
width c§320 ft.

Igushik River July 7 @4.01{t/sec and river width
of 170 ft. .

Nuyakuk River July 11 @ 2.49 ft./sec and river
width of 370 &.

Togiak River July 16 @ 1.95 fi./sec and-river
width of 190 ft.

Kvichak River July 16 @LB 2.4 ft'secand RB 1.7
ft/sec

Naknek River June 27 @RB 4.4 ft/sec

Egegik River River width is 150 meters. Velocity
not available

Ugashik River No information availabie

The 1999 Bristol Bay counting tower data is presented in Tables 9-16. Escapement at all tower
projects ranged from 46 percent below to 122 percent over the point goals. The 1999 inshore
sockeye salmon run of 39.5 million fish was 14.6 million fish more than the forecast of 24.9
million. Sockeye runs were greater than anticipated in all drainages. The 1999 inshore sockeye
salmon run arrived early inshore but migrated into the systems later than usual. It appeared that
inshore water temperatures were cold so fish held in warmer waters. For example, in Egegik
River the fish piled up in the lagoon for several tides before moving past the tower. Escapement
data from the tower projects was relied on heavily inseason in order to balance escapement with
harvestable surplus. Tables 1-7 present escapement goal ranges and escapements for each tower

project.

The Bristol Bay database Mariner was again utilized inseason. This database contains inseason
escapement numbers from towers as well as commercial catch information. This was the third
season that the tower data was entered inseason on Mariner and became available to the public
on the Bristol Bay “daily” information page. This same information is also published on the

Department of Fish and Game Bristol Bay homepage on the Internet.

17



(www.cf.adfg.state.ak.us.;‘r;gionz/ﬁnﬁsh/sa]monfbbayhome.htm.)

During 1999 archived data from four towers from the years 1980-1999 were checked for math
errors and entered into a new database. Data changes are reflected in the historical tower data for

the following towers: Kvichak tower, Egegik tower, Ugashik tower and Igushik tower.
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Table 1. Annual sockeye salmon tower counts and escapement goals,
Egegik River, 1957-1999.

YEAR Escapement Goal Range  Midpoint Objective Tower Escapement

1957 391,207
1958 248,354
1959 1,052,819
1960 1,798,759
1961 701,538
1962 350,000 1,027,482
1963 850,000 997,802
1964 850,000 849,576
1965 1,000,000 1,444,608
1966 1,000,000 804,246
1967 1,000,000 636,864
1968 1,000,000 338,654
1969 400,000 1,015,554
1970 700,000 919,734
1971 1,000,000 634,014
1972 600,000 546,402
1873 400-600,000 600,000 328,842
1974 500,000 1,275,630
1975 600,000 1,173,840
1876 600,000 509,160
1977 600,000 692,514
1978 600,000 895,698
1979 600,000 1,032,042
1980 600,000 1,060,920
1981 600,000 694,680
1982 600,000 1,034,628
1983 600,000 792,282
1884 800-1,200,000 1,000,000 1,165,320
1985 800-1,200,000 1,000,000 1,095,204
1986 800-1,200,000 1,000,000 1,151,320
1987 800-1,200,000 1,000,000 1,272,978
1888 800-1,200,000 1,000,000 1,599,096
1989 800-1,200,000 1,000,000 1,610,916
1980 800-1,200,000 1,000,000 2,191,362
1891 800-1,200,000 1,000,000 2,786,880
1992 800-1,200,000 1,000,000 1,945,332
1993 800-1,200,000 1,000,000 1,616,980
1984 800-1,200,000 1,000,000 1,887,932
1995 800-1,400,000 1,000,000 1,281,678
19986 800-1,400,000 1,000,000 1,075,596
1997 800-1,400,000 1,000,000 1,103,964
1998 800-1,400,000 1,100,000 1,110,882
1899 800-1,400,000 1,100,000 1,727,772
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Table 2. Annual sockeye salmon tower counts and escapement goals,

Igushik River, 1958-1999.

YEAR Escapement Goal Range Midpoint Objective Tower Escapement
1958 107,478
1859 643,808
1960 495,087
1961 294,252
1962 60,000 16,660
1963 400,000 92,184
1964 250,000 128,532
1965 250,000 180,840
1966 200,000 206,360
1967 153,000 281,772
1968 150,000 194,508
1969 200,000 512,328
1970 200,000 370,920
1971 150,000 210,960
1972 150,000 60,018
1873 150,000 59,508
1974 160,000 368,752
187% 150,000 241,086
1976 150,000 186,120
1877 150,000 95,970
1978 150,000 536,154
1979 150,000 859,560
1980 150,000 1,987,530
1981 150,000 591,144
1982 150,000 423,768
1983 200,000 180,420
1984 - 150,000-250,000 200,000 184,872
1985 150,000-250,000 200,000 212,418
1986 150,000-250,000 200,000 308,820
1987 140,000-250,000 200,000 169,236
1988 140,000-250,000 200,000 170,406
1989 150,000-250,000 200,000 461,610
1990 150,000-250,000 200,000 365,796
1991 150,000-250,000 200,000 756,126
1992 150,000-250,000 200,000 304,920
1993 150,000-250,000 200,000 405,564
1994 150,000-250,000 200,000 445,920
1895 180,000-250,000 200,000 473,382
1996 150,000-250,000 200,000 400,746
1997 150,000-250,000 200,000 127,704
1998 150,000-250,000 200,000 215,904
1999 150,000-250,000 200,000 445,536
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Table 3. Annual sockeye salmon tower counts and escapement goals,

Kvichak River, 1955-1999.

YEAR Escapsment Goal Range Midpoint Objective Tower Escapement
19556 250,546
1956 9,443,318
1957 2,964,755
1958 534,785
1959 673,811
1960 14,602,380
1961  3,000,000-4,500,000 10,000,000 3,705,729
1962  2,500,000-3,500,000 2,500,000 2,580,884
1963 750,000-1,500,000 750,000 338,570
1964  4,500,000-8,000,000 5,000,000 956,616
1985 6,000,000-10,000,000 8,000,000 24,320,580
18966 5,000,000-7,000,000 6,000,000 3,756,184
1967  3,000,000-5,000,000 3,500,000 3,215,850
1968 500,000-3,500,000 874,000 2,556,432
1868 5,000,000-7,000,000 6,000,000 8,394,174
1970 15,000,000-23,000,000 19,000,000 13,916,346
1971 2,500,000 2,381,266
1972 2,000,000 1,009,962
1973 2,000,000 226,554
1974 6,000,000 4,433,844
1975 14,000,000 13,140,354
1978 2,000,000 1,965,282
1977 2,000,000 1,341,102
1978 2,000,000 4,149,126
1979 6,000,000 11,216,628
1980 14,000,000 22,505,268
1981 2,000,000 1,754,352
1982 2,000,000 1,134,420
1883 2,000,000 3,569,982
1984 8,000,000-12,000,000 10,000,000 10,480,646
1985 8,000,000-12,000,000 10,000,000 7,210,914
1986 4,000,000-8,000,000 5,000,000 1,179,502
1887 4,000,000-8,000,000 5,000,000 6,065,886
1988  4,000,000-8,000,000 5,000,000 4,065,216
1989 6,000,000-10,000,000 8,000,000 8,319,652
1990 86,000,000-10,000,000 6,000,000 6,970,020
1991  4,000,000-8,000,000 4,000,000 4,222,788
19892  4,000,000-8,000,000 6,000,000 4,725,864
1993 4,000,000-8,000,000 5,000,000 4,025,166
1894  6,000,000-10,000,000 8,004,000 8,355,936
1995 6,000,000-10,000,000 10,000,000 10,038,720
1996 6,000,000-10,000,000 4,000,000 1,450,578
1997  6,000,000-10,000,000 4,000,000 1,603,732
1998 2,000,000-10,000,000 50% of projection 2,298,074
1999 800,000-1,400,000 50% of projection 6,196,914
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Table 4. Annual sockeye salmon tower counts and escapement goals,

Naknek River, 1958-1999,

YEAR Escapement Goal Range Midpoint Objective Tower Escapement
1958 278,118
1959 2,231,807
1960 828,381
1861 351,078
1862 723,066
1963 750,000 905,358
1964 850,000 1,349,604
1965 800,000 717,788
1966 800,000 1,016,445
1967 1,000,000 755,640
1968 1,000,000 1,023,222
1969 1,000,000 1,331,202
1970 1,000,000 732,502
1871 900,000 935,754
1972 200,000 586,518
1973 800,000 366,676
1974 800,000 1,241,058
1975 800,000 2,026,686
1976 800,000 1,320,750
1977 800,000 1,085,856
1978 800,000 818,378
1979 800,000 925,362
1980 800,000 2,644,686
1981 800,000 1,796,220
1982 800,000 1,155,652
1983 : 800,000 888,078
1884 800,000-1,400,000 1,000,000 1,242,474
1985 800,000-1,400,000 1,000,000 1,849,988
1986 800,000-1,400,000 1,000,000 1,977,645
1987 800,000-1,400,000 1,000,000 1,061,806
1988 800,000-1,400,000 1,000,000 1,037,244
1989 800,000-1,400,000 1,000,000 1,161,984
1890 800,000-1,400,000 1,000,000 2,092,578
1991 200,000-1,400,000 1,000,000 3,678,548
1992 800,000-1,400,000 1,000,000 1,608,650
1993 800,000-1,400,000 1,000,000 1,635,658
1994 800,000-1,400,000 1,000,000 920,810
1895 800,000-1,400,000 1,000,000 1,111,140
1996 800,000-1,400,000 1,000,000 1,078,088
1997 800,000-1,400,000 1,000,000 1,025,664
1998 800,000-1,400,000 1,100,000 1,202,172
19992 800,000-1,400,000 1,100,000 1,625,364
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Table 5. Annual sockeye salmon tower counts and escapement goals,

Togiak River, 1960-1998.

1

Escapement Goal Range Midpoint Objective

YEAR Tower Escapement
1960 162,810
1961 94,452
1962 80,000 47,352
1963 100,000 102,396
1964 100,000 95,574
1965 160,000 88,462
1966 120,000 91,098
1967 90,000 69,330
1968 110,000 42,918
1869 100,000 109,266
1970 100,000 192,096
1971 115,000 190,842
1972 70,000 74,070
1973 60,000-100,000 80,000 95,730
1974 100,000 82,992
1975 100,000 160,962
1978 100,000 158,180
1977 100,000 133,734
1978 100,000 273,578
1979 100,000 171,138
1980 100,000 461,850
1981 100,000 208,080
1982 100,000 244,734
1983 . 100,000 191,620
1984 140,000-250,000 150,000 95,448
1985 140,000-250,000 150,000 136,542
1986 140,000-250,000 150,000 168,384
1987 140,000-250,000 150,000 249,676
1888 140,000-250,000 150,000 276,612
1989 140,000-250,000 150,000 84,480
1890 140,000-250,000 150,000 141,877
1991 140,000-250,000 150,000 254,683
1892 140,000-250,000 150,000 199,134
1993 140,000-250,000 150,000 177,185
1994 140,000-250,000 150,000 154,752
1995 140,000-250,000 150,000 185,718
1996 140,000-250,000 150,000 156,954
1987 140,000-250,000 150,000 131,682
1988 140,000-250,000 150,000 153,676
1999 140,000-250,000 150,000 155,898
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Table 8. Annual sockeye salmon tower counts and escapement goals,
Ugashik River, 1957-1999.

YEAR Escapement Goal Range

Midpoint Objective

Tower Escapement

1957 214,802
1958 279,540
1959 219,223
1960 2,294,200
1961 500,000-1,000,000 a Unknown 348,658
1962 : 750,000 255,426
1963 650,000 388,254
1964 600,000 472,770
1965 800,000 991,056
1966 850,000 702,834
1967 850,000 238,830
1968 750,000 70,542
1969 400,000 160,380
1970 700,000 726,192
1971 500,000 500,370
1872 450,000 79,428
1973 350,000-500,000 450,000 38,988
1974 500,000 61,854
19786 500,000 429,336
1976 500,000 340,218
1977 500,000 201,488
1978 500,000 70,434
1979 500,000 1,700,804
1980 500,000 3,321,354
1981 500,000 1,326,762
1982 500,000 1,157,526
1983 500,000 1,000,608
1984 500,000-800,000 700,000 1,241,418
1985 500,000-900,000 700,000 998,232
19386 500,000-900,000 700,000 1,001,492
1987 500,000-900,000 700,000 668,964
1988 500,000-800,000 700,000 642,972
1889 500,000-900,000 700,000 1,681,296
1990 500,000-900,000 700,000 730,038
1991 500,000-200,000 700,000 2,457,306
1992 500,000-200,000 700,000 2,173,692
1993 500,000-900,000 700,000 1,389,534
1284 500,000-900,000 700,000 1,080,858
1995 500,000-1,200,000 700,000 1,304,058
1986 500,000-1,200,000 700,000 667,518
1997 500,000-1,200,000 700,000 618,396
1998 500,000-1,200,000 850,000 890,508
1999 500,000-1,200,000 850,000 1,651,672

“includes Mother Goose System
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Table 7. Annual sockeye salmon tower counts and escapement goals,

Wood River, 1956-1999,

YEAR Escapement Goal Range Midpoint Objective Tower Escapement
1956 773,101
1857 288,727
1958 959,630
1969 2,209,209
1860 1,015,767
1961 600,000-700,000 Unknown 460,737
1962 450,000 873,888
1963 1,200,000 721,350
1964 200,000 1,076,088
19656 500,000 675,156
1966 900,000 1,208,658
1967 1,100,000 515,598
1968 1,000,000 649,344
1969 750,000 604,338
1970 1,000,000 1,161,918
1971 750,000 851,202
1972 750,000 430,602
1973 700,000 330,438
1974 800,000 1,708,704
1975 800,000 1,270,116
1976 800,000 816,996
1977 800,000 561,828
1978 800,000 2,266,020
1979 800,000 1,705,602
1980 800,000 2,968,620
1981 800,000 1,231,820
1982 800,000 976,470
1983 . 1,000,000 1,360,350
1984 700,000-1,200,000 1,000,000 1,002,792
1985 700,000-1,200,000 1,000,000 939,000
1986 700,000-1,200,000 1,000,000 818,652
1887 700,000-1,200,000 1,000,000 1,337,172
1988 700,000-1,200,000 1,000,000 866,778
1989 700,000-1,200,000 1,000,000 1,186,410
1890 700,000-1,200,000 1,000,000 1,069,368
1991 700,000-1,200,000 1,000,000 1,159,578
1992  700,000-1,200,000 1,000,000 1,284,870
1993 700,000-1,200,000 1,000,000 1,176,054
1994 700,000-1,200,000 1,000,000 1,471,890
1995  700,000-1,200,000 1,000,000 1,482,182
1996 700,000-1,200,000 1,000,000 1,649,698
1997 700,000-1,200,000 1,000,000 1,512,396
1988 700,000-1,200,000 1,000,000 1,755,768
1999 700,000-1,200,000 1,000,000 1,512,426
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Table 8. Annual sockeye salmon tower counts, 1855-1999,

Egegik Tower ‘Naknek Tower Kvichak Tower Ugashik Tower
YEAR Escapement Escapement Escapement Escapement
1955 250,546
1958 9,443,318
19567 391,207 2,964,755 214,802
1958 246,354 278,118 534,785 279,540
1959 1,052,819 2,231,807 673,811 219,223
1960 1,798,759 828,381 14,602,360 2,294,200
1861 701,538 351,078 3,705,729 343,658
1962 1,027,482 723,066 2,680,884 255,426
1963 997,602 905,358 338,670 388,254
1964 843,676 1,349,604 956,616 472,770
1965 1,444,608 717,798 24,320,580 991,056
1966 804,246 1,016,445 3,756,184 702,834
1967 636,864 755,840 3,215,960 238,830
1968 338,654 1,023,222 2,556,432 70,642
1969 1,015,554 1,331,202 8,394,174 160,380
1970 919,734 732,502 13,916,346 726,192
1971 634,014 935,754 2,381,266 500,370
1872 546,402 586,518 1,009,962 79,428
1973 328,842 356,676 226,654 38,988
1974 1,275,630 1,241,058 4,433,844 61,854
1975 1,173,840 2,026,686 13,140,354 429,336
1976 509,160 1,320,750 1,965,282 340,218
1977 692,514 1,085,856 1,341,102 201,486
1978 895,698 813,378 4,149,126 70,434
1879 1,032,042 925,362 11,216,628 1,700,904
1980 1,060,860 2,644,686 22,605,268 3,321,354
1981 694,680 1,796,220 1,754,352 1,326,762
1982 1,034,628 1,165,652 1,134,420 1,157,526
1983 792,282 888,078 3,569,982 1,000,608
1984 1,165,320 1,242,474 10,490,646 1,241,418
1985 1,095,182 1,849,988 7.210,914 998,232
1986 1,151,320 1,877,645 1,179,502 1,001,482
1987 1,272,978 1,061,806 6,065,886 668,964
1988 1,612,680 1,037,244 4,065,216 642,972
1989 1,610,216 1,161,984 8,319,552 1,681,286
1890 2,191,362 2,092,578 6,970,020 730,038
19941 2,788,880 3,678,548 4,222,746 2,457,306
1992 1,945,332 1,606,650 4,725,864 2,173,692
1993 1,516,980 1,535,668 4,025,166 1,389,534
1994 1,897,932 990,810 8,337,840 1,080,858
1996 1,220,142 1,111,140 10,038,720 1,304,058
1996 1,075,596 1,078,098 1,450,578 667,518
1987 1,103,964 1,025,664 1,503,732 618,396
1998 1,110,888 1,202,172 2,296,074 890,508
1999 1,727,772 1,625,364 6,196,914 1,651,672

Page 1 of 2
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Table 8. Annual sockeye salmon tower counts, 1955-1999,

Wood Tower Nuvakuk River lgushik Tower Togiak Tower
YEAR Escapement Escapement” Escapement Escapement
1955
1956 773,101
1987 288,727 .
1968 859,630 107,478
1959 2,209,209 48,8861 643,808
1860 1,015,767 145,500 495,087 162,810
19861 460,737 79,788 294,252 94,452
1962 873,888 37,880 15,660 47,070
1963 721,350 166,608 92,184 102,276
1964 1,076,088 103,224 128,532 95,574
1965 675,156 203,070 180,840 88,462
1968 1,208,658 181,010 208,360 90,942
1967 515,598 20,250 281,772 63,000
1968 649,344 96,642 194,608 356,256
1969 604,338 62,828 512,328 106,122
1970 1,161,918 364,648 370,920 172,914
1871 851,202 224,382 210,960 190,830
1972 430,602 28,596 60,018 74,058
1973 330,438 110,016 59,508 95,526
1974 1,708,704 154,614 358,752 68,040
1875 1,270,116 669,918 241,086 160,962
1976 816,996 425,220 186,120 158,160
1977 h61,828 232,554 95,970 125,868
1978 2,266,020 576,666 536,154 207,204
1978 1,705,602 360,120 859,660 145,626
1980 2,868,620 3,026,568 1,987,530 410,058
1981 1,231,920 834,204 581,144 201,558
1982 976,470 537,864 423,768 236,322
1983 1,360,350 318,606 180,438 165,918
1284 1,002,792 472,596 184,872 86,340
1985 939,000 429,162 212,454 136,476
1986 818,662 . 821,898 307,728 167,694
1987 1,337,172 68,762 169,236 247,756
1988 866,778 319,992 170,454 210,270
1989 1,186,410 not operated 461,670 81,612
1890 1,069,368 not operated 365,802 137,321
1991 1,159,578 not operated 756,126 235,027
1992 1,284,870 not operated 304,920 191,358
1983 1,176,054 not operated 405,564 143,490
1994 1,471,890 not operated 445,920 154,560
1995 1,482,162 69,702 473,382 172,668
1896 1,649,598 250,692 400,674 149,172
1897 1,612,396 272,982 127,704 130,638
1998 1,755,768 146,250 215,904 153,366
1999 1,512,425 81,008 445,536 155,898

Page 2 of 2
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Table 9. Daily sockeye salmon tower counts, Egegik River, 1998."

Date Daily Counts Cumuiative Total Daily % of Total Cumulative %
6/19 0 ‘ 0 0% 0%
6/20 0 0 0% 0%
6/21 24 24 0% 0%
6/22 24 48 0% 0%
6/23 66 %14 0% 0%
6/24 30 144 0% 0%
6/25 18 162 0% 0%
6/26 78 240 0% 0%
6/27 450 690 0% 0%
6/28 60 750 0% 0%
6/29 2,970 3,720 0% 0%
6/30 5,598 9,318 1% 1%

7 56,400 65,718 3% 4%
7/2 61,002 128,720 4% 8%
7/3 211,962 338,682 12% 20%
7/4 98,436 437,118 6% 25%
7/5 99,642 536,760 6% 31%
7/6 173,484 710,244 10% 41%
777 262,872 973,116 15% b6%
7/8 163,278 1,136,394 9% 66%
7/9 194,010 1,330,404 11% 77%
710 141,878 1,472,382 8% 85%
7i11 90,372 1,562,754 5% 90%
712 85,824 1,648,578 5% 95%
7113 23,178 1,671,756 1% 97%
714 16,860 1,688,616 1% 98%
7/1b 19,572 1,708,188 1% 99%
7116 7,812 1,716,000 0% 99%
717 11,772 1,727,772 1% 100%
Total 1,727,772

® ©n 714 hour & on RB missed due to motor trouble; 7/15 hours1-4 RB and 2-4 LB missed due to baar probtem.
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Table 10. Daily sockeye saimon tower counts, Igushik River, 1899.

Date Daily Counts Cumulative Total Daily % of Total Cumuiative %
6/25 6 B 0% 0%
6/26 0 6 0% 0%
6/27 0 6 0% 0%
6/28 0 6 0% 0%
6/29 0 6 0% 0%
6/30 2,958 2,964 1% 1%
7N 4,632 7,598 1% 2%
772 23,632 31,128 5% 7%
7/3 30,342 61,470 7% 14%
7/4 34,410 95,880 8% 22%
7/5 49,140 145,020 11% 33%
7/8 42,168 187,188 9% 42%
177 45,486 232,674 10% 2%
7/8 38,072 271,746 9% 61%
7718 41,340 313,086 9% 70%
7/10 23,874 336,960 5% 76%
7M1 12,258 349,218 3% 78%
712 8,124 357,342 2% 80%
7/13 8,694 366,036 2% 82%
714 7,536 373,572 2% 84%
7/15 5,850 379,422 1% 85%
7/16 10,968 390,390 2% 88%
TN7 13,176 403,566 3% 91%
7118 14,490 418,056 3% ‘ 94%
7/19¢ 8,796 426,852 2% 96%
7/20 6,036 432,888 1% 97%
7/21 8,600 439,488 1% 99%
7/22 6,048 445,536 1% 100%
Total 445,536
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Table 11. Daily sockeye salmon tower counts, Kvichak River, 1999,

Date Daily Counts Cumulative Total Daily % of Total Cumulative %
6/24 0 0 0% 0%
6/25 54 54 0% 0%
6/26 36 80 0% 0%
6/27 80 180 0% 0%
6/28 24 204 0% 0%
6/29 234 438 0% 0%
6/30 16,962 17,400 0% 0%
" 87,450 104,850 1% 2%
712 232,242 337,092 4% 5%
773 411,228 748,320 7% 12%
/4 338,088 1,086,408 5% 18%
7/5 437,124 1,623,632 7% 25%
7/8 304,272 1,827,804 5% 29%
77 428,358 2,256,162 7% 38%
7/8 532,554 2,788,716 9% 45%
719 403,932 3.192,648 7% 52%
710 395,958 3,588,606 6% 58%
7M1 215,880 3,804,456 3% 61%
712 228,000 4,032,456 4% 65%
7113 288,b62 4,332,018 5% 70%
7114 317,820 4,649,838 5% 75%
7/15 298,842 4,948,680 5% 80%
7116 162,348 5111,028 3% 82%
mn7 310,638 5,421,666 5% 87%
718 428,550 5,850,216 7% 4%
7119 189,006 6,039,222 3% 97%
7/20 70,278 6,109,500 1% 98%
7/21 41,988 6,151,488 1% 99%
7122 24,882 6,176,370 0% 99%
7123 20,544 6,196,914 0% 100%
Total 6,196,914
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Table 12. Daily sockeye salmon tower counts, Naknek River, 1999. °

Date Daily Counts Cumulative Total Daily % of Total Cumuiative %
6/23 o 0 0% 0%
6/24 2,724 2,724 0% 0%
6/25 1,374 4,038 0% 0%
6/26 h64 4,662 0% 0%
6/27 4,122 8,784 0% 0%
6/28 4,836 13,620 0% 0%
6/29 104,754 118,374 2% 2%
6/30 147,564 265,938 2% 4%
771 92,658 358,596 1% 6%
7/2 118,254 476,850 2% 8%
713 71,046 547,894 1% 9%
7/4 172,548 720,444 3% 12%
75 205,380 925,824 3% 15%
7/6 96,000 1,021,824 2% 16%
777 26,982 1,048,806 0% 17%
7/8 10,686 1,059,492 0% 17%
7/9 19,968 1,079,480 0% 17%
710 38,698 1,118,068 1% 18%
7/11 71,718 1,189,776 1% 19%
7n2 114,390 1,304,166 2% 21%
7/13 52,980 1,357,146 1% 22%
7114 41,568 1,398,714 1% 23%
7/15 107,958 1,506,672 2% 24%
7/16 80,106 1,586,778 1% 26%
717 15,726 1,602,504 0% 26%
7718 8,682 1,611,186 0% 26%
7/19 14,178 1,625,364 0% 26%
Total 1,625,364

® July 7 LB hour 4 missed due to fog.
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Table 13. Daily sockeye salmon tower counts, Nuyakuk River, 1989,

Dats Daily Counts Cumulative Total Daily % of Total Cumulative %
711

7/2

713

7/4 60 60 0% 0%
7/5 420 480 1% 1%
7/6 4,086 4,566 5% 6%
777 6,654 11,220 8% 14%
7/8 15,108 26,328 19% 33%
7/9 10,242 36,570 13% 45%
7/10 10,578 47,148 13% 58%
7111 10,134 57,282 13% 71%
7112 7.020 64,302 9% 79%
713 4,550 68,862 6% 85%
7/14 948 69,810 1% 86%
7/15 1,248 71,068 2% 88%
7116 1,464 72,522 2% 90%
7117 1,850 74,472 2% 92%
7118 1,560 76,032 2% 94%
7/19 786 76,818 1% 95%
720 456 77.274 1% 95%
7/21 462 77,736 1% 96%
7/22 840 78,676 1% 97%
7123 882 79,458 1% 98%
7124 594 80,052 1% 99%
7/25 390 80,442 0% 99%
7126 564 81,006 1% 100%
Total 81,006

36

:: b ;- C" ™ oo r_ - # 3 - 'q - 3 T . 3 r 3

—
.

t;

r

n

- [ il

o



Table 14. Daily sockeye salmon tower counts, Togiak River, 1999.

Date Daily Counts Cumulative Total Daily % of Total Cumulative %
7/4 0 0 0% 0%
7/5 36 36 0% 0%
776 1,746 1,782 1% 1%
717 6,246 8,028 1% 5%
7/8 4,782 12,810 3% 8%
719 3,222 16,032 2% 10%
7110 3,108 18,140 2% 12%
711 4,740 23,880 3% 15%
712 5,040 28,920 3% 19%
7113 4,602 33,622 3% 22%
74 3,762 37,284 2% 24%
7115 2,550 39,834 i 2% 26%
7116 2,598 42,432 2% 27%
7117 4,362 46,794 3% 30%
7/18 3,750 50,544 2% 32%
7119 2,910 53,454 2% 34%
7/20 3,054 56,508 2% J6%
7121 3,030 58,638 2% 38%
7122 9,192 68,730 6% 44%
7i23 6,864 75,594 4% 43%
7124 2,856 78,450 2% 50%
7i25b 4,098 82,548 3% 53%
7126 6,012 88,560 1% b7%
7127 18,354 108,914 12% 69%
7/28 18,374 126,288 12% 81%
7/29 13,122 139,410 8% 89%
7/30 6,174 145,684 4% 93%
7731 3,378 148,962 2% 96%
8/ 3,402 152,364 2% 98%
812 1,848 154,212 1% 99%
8/3 1,182 155,394 1% 99%
8/4 504 155,898 0% T00%
Total 155,898

37



Table 15, Daily sockeve salmon tower counts, Ugashik tRiver, 1999 *

Date Daily Counts Cumulative Total Daily % of Total Cumulative %
7/3 0 0 0% 0%
7/4 0] 0 0% 0%
7/5 0 0 0% 0%
7/6 0 0 0% 0%
177 6 5] 0% 0%
7/8 33,180 33,186 2% 2%
7/8 203,940 237,126 12% 14%
7/10 189,654 426,780 11% 26%
7/11 183,408 610,188 11% 37%
712 328,740 938,928 20% 57%
713 354,384 1,293,312 21% 78%
74 78,528 1,371,840 5% 83%
7/15 38,260 1,480,100 5% 88%
7/16 45,846 1,505,946 3% 91%
7117 21,462 1,527,408 1% 92%
7/18 1 0,54_8 1,537,956 1% 93%
7/18 3,048 1,541,004 0% 93%
7/20 6,348 1,547,362 0% 94%
7/21 8,688 1,556,040 1% 94%
7122 24,810 1,680,850 2% 96%
7/23 25,434 1,606,284 2% 97%
7124 22,674 1,628,958 1% 99%
7125 12,528 1,641,486 1% 99%
7/26 10,086 1,651,672 1% 100%
Total 1,651,572

* July 10 LB hours 2-& and RB haours 3 & 5 the counts wers not completed. On
July 13 LB hours 0 & 1 fish not visible. On July 13 both LB & RE from houre 2-6

high winds prevented counting.
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Table 16. Daily sockeye salmon tower counts, Wood River, 1999,

Date Daily Counts Cumulative Total BDaily % of Total Cumuiative %
6/23 186 186 0% 0%
6/24 5,442 5,628 0% 0%
6/25 2,678 8,304 0% 1%
6/26 1,860 10,164 0% 1%
6/27 10,086 20,250 1% 1%
6/28 15,180 35,430 1% 2%
6/29 10,218 45,648 1% 3%
6/30 27,972 73,820 2% 5%
71 17,692 91,212 1% 6%
712 87,390 178,602 6% 12%
713 347,124 525,726 23% 35%
714 214,188 739,914 14% 49%
7/5 234,300 974,214 15% 64%
7/6 107,280 1,081,494 7% 72%
77 78,492 1,159,986 5% 77%
7/8 47,634 1,207,620 3% 80%
7/9 28,314 1,235,934 2% 82%
7110 23,130 1,259,064 2% 83%
7111 96,810 1,355,874 6% 90%
712 33,366 1,389,240 2% 92%
7113 22,850 1,412,190 2% 93%
74 30,810 1,443,000 2% 95%
7/158 11,034 1,454,034 1% 96%
7116 14,550 1,468,584 1% 97%
7117 10,410 1,478,984 1% 98%
718 8,016 1,487,010 1% 98%
7189 4,008 1,491,018 0% 99%
7120 6,264 1,497,282 0% 99%
7/21 5,748 1,503,030 - 0% 93%
7/22 6,348 1,509,378 0% 100%
7{23 3,048 1,612,426 0% 100%
Total 1,612,426
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Table 17. Historical tower counts of chinook salmon in Bristol Bay from 1974-1997,

YEAR Egegik Kvichak Naknek Ugashik lgushik Nuyakuk
1974 1,590
1975 24 1,686
1976 216 2,480
1977 18 996
1978 18 258
1979 - 504
1980 174 3,814
1981 12 5,460
1982 - 6,198
1983 84 2,958
1984 78 3,248
N 1985 132 2,628
< 1986 6 : 12 48 624
1987 : 12 36 * 120
1988 18 144 6 450
1989 12 48 48
1990 24 ) 42 66 186
1991 54 42 78 . 36
1892 96 30 80
1993 6 162 174 102 18
1994 36 132 42 66 . 210
1985 60 84 222 24 24 1,380
1996 78 66 60 8 1,404
1997 30 342 180 144 474 3,264
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Table 18. Historical tower counts of chum salmon in Bristol Bay from 1974-1997.

YEAR Egegik Kvichak Naknek Ugashik lgushik Nuyakuk
1974 2,068
1975 18 1,618
1976 456 4,434
1977 162 6,882
1978 282 2,856
1979 6 810
1980 1,008 6,622
1981 456 4,824
1982 35h4 7.374
1983 36 7,224
1984 144 8,662
19856 684 3,774
1986 42 5,634
1987 36 156 972
1988 6 36 60 4,609
1989 18 120

1990 72 6 6 24

1291 48 24 90 -

1992 42 6 60

1983 84 6 12

1994 A2 30 36 126

1995 144 24 6 234 7,462
19986 138 438 12,648
1997 5] 30 48 7.842
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Table 19. Historical tower counts of pink salmon in Bristol Bay from 1974-1997,

YEAR Egegik Kvichak Naknek __Ugashik lgushik Nuyakuk
1974 : 456,216
1975 150 -
1976 2,070 701,478
1877 102 -
1978 210 7,190,184
1979 - 12 -
1980 600 2,536,746
1981 2,220 252
1982 4,494 1,537,716
1983 6

1984 1,692 2,602,182
1985 ' - - 918
1986 3 36

1987 12 18 -
1988 348 18 2,484
1989 234 96

1990 302 648

1991 96 318 660 -

1892 6 78 342 1,728

1983 36 168 72

1994 17,994 66 672 300 438

1995 24 ) 30 86 36 6 -
1996 103,110 396 66 666 1,680
1997 12 61 : 6 12

uu:n o - o oo ¢ " :.JZ_JL..JL.J

)
L
L




134

Table 20. Historical tower counts of coho salmon in Bristo! Bay from 1974-1997.

YEAR

Egegik

Kvichak

Naknek

Ugashik

igushik

Nuyakuk

1874

1976

19768
1977
1978
1979
1980
1981
1982
1983
1884
1985
1986
1987
1988
1989
1990
1991
1992
1993
1924
1995
1996
1997

8,724
7,470
24,918
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Figure 1. Bristol Bay major river systems and commercial f1slh1'ng districts.
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Bristol Bay, Alaska.

Figure 2. Kvichak River Tower Site
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Naknek River Tower Site, Bristol Bay, Alaska.
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Figure 4. Egegik River Tower Site, Bristol Bay, Alaska.
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Figure 5. Ugashik River Tower Site, Bristol Bay, Alaska.
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Figure 8. Wood River Tower Site, Bristol Bay, Alaska.
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Figure 7. Nuyakuk River Tower Site, Bristol Bay, Alaska.
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Figure 8. Igushik River Tower Site, Bristol Bay, Alaska.
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Figure 9. Togiak River Tower Site, Bristol Bay, Alaska.
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Appendix A
Historical escapement data for sockeye salmon

Counting towers currently operating in Bristol Bay
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Appendix A.1. Egegik River historical daily escapement, 1957-1999.

Date 1857 1868 19569 1980 1261 1962 1963
17-Jun
18-Jun
19-Jun
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
28-Jun
27-Jun
28-Jun
29-Jun
30-Jun 18,212 4,800
OT1-ful 9,880 3,606 4,506 0 26,394
02-Jul 20,136 7,832 0 0 11,286 38,604 9,798
03-Jul 3,042 7,524 ] o] 58,308 76,838 18,268
04-Jul 7,524 13,644 80 0 17,826 46,206 1,044
05-Jul 8,848 30,198 20,348 1,416 17,100 14,124 2,538
06-Jul 5,832 31,872 15,684 108 45,908 59,994 134,832
07-Jul 7,652 27,492 98,820 92,346 74,454 182,160 58,122
08-Jul 13,658 44,490 127,512 62,058 65,662 118,448 55,890
09-Ju| 20,326 18,606 20,436 17,778 119,526 112,512 70,098
10-Jul 44,664 8,35b8 896,960 154,728 62,790 78,254 129,444
11-Jul 85,839 12,042 88,904 183,404 27.414 85,602 18,380
T12-Jui 64,132 5,318 17,1582 310,710 22,188 93,972 20,628
13-Jul 35,985 1,176 2,216 267,738 9,258 15,818 116,922
14-Jul 8,722 2,094 30,132 68,832 39,228 10,176 200,520
15-Jul 17,178 408 58,544 216,763 8,390 17,886 56,364
18-Jul 21,302 294 86,392 165,102 13.448 28,628 34,416
17-Jul 361 3.534 51,820 137,442 19,828 10,494 13,224
18-Jul 3,783 3,132 106,704 33,792 18,348 1,482 5,778
19-Jul 4,696 a24 21,840 43,890 23,220 270 510
20-Jul 3,063 1,308 51,512 20,136 17,658 114 1886
21-Jul 120 288 25,640 12,108 4,944 36 654
22-Jul 1,169 1,362 271,352 402 558 246
23-Jul 681 1,302 8,940 6 2,472 1.530
24-Jud 1,205 284 b,696 0 9,258 3,228
25-Jul 801 432 1,156 Q 3,664 4,362
28-Jul 154 K70 4,824 0 1,404 3,888
27-Jul 295 1,266 2,404 450 786
28-Jul 42 432 6,544 612 26,668
29-Jul 42 30 1.412 386 4,440
30-Jul 98 174 741 228 3,078
31-Jul 198 48 378 480
a1-Aug 114 [ 294 240
02-Aug &0 246 132
03-Aug 132
04-Aug 126
Late
Total 391,207 246,354 1,062,819 1,798,759 701,538 1,027,482 987,602
Page 1 of 7
6l

2 L2 3



Appendix A.1. Egegik River historical daily escapement, 1957-1999,

Date 1964 1965 1966 1967 19263 1969 1970
17-Jun
18-Jun
19-Jun
20-Jun
27-Jun
22-Jun
23-Jun 48
24-Jun 18 72
28-Jun 6 3,684 324
26-Jun Q 1.614 80
27-Jun s] 4,044 8
28-Jun 0 7,032 1,416
29-Jun 12 3.180 13,038
30-Jun o 60 10,680 1,212
01-Jul 66 270 34,890 17,076 276 1,836
02-Jul 204 8,638 9,762 92,1086 33,378 11,028 14,004
03-Jul 2,130 22,548 84,054 27,438 36,846 33,672 15,808
04-Jul 24 37,968 52,248 87,680 24,626 49,850 63,486
05-Jul 10,448 35,514 72 56,398 36,762 29,190 37,482
06-Jdul 12,582 91,134 Q 88,2068 47,888 78,288 25878
07-Jul 23,430 208,248 3,774 32,226 12,942 132,060 52,038
08-Jul 87,180 232,538 139,658 15,060 24,024 166,898 133,614
09-Jul 89,814 28,692 239,382 39,870 34,482 154,140 66,300
10-Jul 38,250 94,806 126,102 61,752 7.560 36,643 260,610
11-Jul 177,408 146,598 42,708 35,084 6,558 61,696 195,174
12-Jul 134,940 104,880 4,206 24,965 5,436 61,962 10,206
13-Jul 135,008 108,086 51,306 16,212 4,344 57,528 6,684
14-Jul 41,766 49,566 20,544 7,038 458 73,968 8,310
16-Jui 48,318 84,330 12,2864 4,168 1,206 30,168 4,176
18-Jul 32,894 94,290 8,172 2,448 570 37,698 2,886
17-Jul 7,764 38,874 786 482 2,340 8,328 2,622
18-Jut 5,760 18,210 1,828 2,748 582 1,122 3,432
19-Jul 1,320 20,706 1,162 1,248 2,190 186 5,662
20-Jul 66 7,242 2,436 1,776 1.122 38 5,208
21-Jul 84 4,518 2,088 3,102 450 1,362
22-Jul 24 5,340 b76 1,118 474 1,020
23-Jul & 732 708 540 690 624
24-Jul 1886 66 132 684 282
25-Jul &0 270 518
28-Jul 36 B4 702
27-Jul 78
28-Jul 36
29-Jul
30-Jul
31-Jdui
0T-Aug
02-Aug
03-Aug
04-Aug
Late
Taotal 849,576 1,444,808 804,248 636,864 338,664 1,015,554 919,734
Page 2 of 7
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Appendix A.1. Egegik River historical daily escapement, 1857-1999.

Dats 1971 1972 1973 1974 1975 1876 1977
17-Jun
18-Jun
19-Jun
20-dun 0 0 0 0
21-Jun 0 Q 0 0 0
22-Jun ¢ Q 4] 0 822
23-Jun 0 Q o 0 0 9,594
24-Jun 0 o 0 0 0 0 4,868
25-Jun 0 o] 0 4] (¢} 0 5,004
26-Jun o 0 0 78 0 0 8,958
27-Jun 0 (o} o 204 a Q0 18,270
28-Jun 0 0 3,330 1,380 0 0 29,070
29-Jun 0 0 6,252 3,396 0 0 37.698
30-Jun 0 o) 5,616 8,130 o b4 61,320
07 -Jul (o} g 15,990 17,040 878 24 49, 248
02-Jul o} (o] 8,846 67,950 3,750 246 87,726
03-Jui g 36 10,844 151,800 7,482 6,324 77,100
04-Jul 0 3,192 9,360 83,034 44,154 15,126 21,252
05-Jul o} 498 15,628 112,956 78,834 5,442 91,314
08-Jul 0 70,212 588 112,050 115,586 28,284 97,626
07-Jul 0 124,416 264 154,716 21,954 41,946 32,282
08-Jul g 71,544 38 117,348 90,678 36,678 16,998
09-Jul 18 82,380 38,024 49,632 179,226 13,824 12,528
10-Jul 336 92,298 28,098 58,224 225,348 22,782 9,652
T1-Jul 22,968 44 628 26,822 83,894 47.472 14,730 8,652
12-Ju) 53,952 41,258 48,998 87,062 59,028 82,802 2,280
13-Jul 32,562 4,448 28,506 82,530 119,244 63,084 3,078
14-Jul 3,432 8,360 39,750 45,450 72,126 34,038 3,696
15-Jul 2,620 3,622 9,652 18,878 27,300 14,334 3,078
16&-Jul 46,788 1,386 9,366 7.008 34,026 4,842 1,632
17-Jul 121,982 120 8,790 11,804 5,004 2,490 2,088
18-Jui h5,482 108 2,082 3,634 3,450 14,810
19-Jul 4,044 378 1,164 10,092 24,708
20-Jul 73,842 240 1,014 15,900 61,116
271-Jul 23,856 4,152 &84 6,038 2,334
22-Jul 46,326 1,212 5654 4,656 8,862
23-Jul 139,382 822 998 1,b12 4,500
24-Jul 5,106 1,266 348 96 1,764
25-Jul 402 2.514 438 1,842
26-Jul 1,014 24 728 1,434
27-Jul 42 -8 1,152 780
28-Jui 468
29-Jul 108
30-Jut
37-Jdul
01-Aug
02-Aug
03-Aug
O4-Aug
Late
Total 634,074 546,402 328,842 1,275,630 1,173,840 509,150 622,514
Page 3 of 7
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Appendix A.1. Egegik River historical daily escapement, 1957-1899.

Dste 1978 1979 1980 1981 1982 1983 1984
17-Jun 0 0 2,076 0
18-Jun 408 840 3,828 0
18-Jun 918 432 1,794 2,814
20-Jun 1,824 1,074 o -6 0 4,260
21-Jun 066 9,828 0 18 24 240 10,482
22-Jun 2,718 5,256 0 0 180 4,950 2,340
23-Jun 1,476 6,732 0 812 24 786 5,838
24-Jun 826 8,784 0 14,1686 54 2,352 936
25-Jun 3,488 2,100 0 28,248 6 7,656 3,054
26-Jun 5,748 23,310 0 22,758 6 12,192 4,782
27-Jun 5,076 65,802 o 15,642 0 25,512 19,530
28-Jun 10,140 65,556 0 14,700 648 63,360 30,186
29-Jun 11,952 169,158 0 1,956 720 156,672 37,554
30-Jun 47,808 82,206 12 3,174 234 168,462 46,644
01-Jul 53,376 70,548 0 4,806 1,920 77,466 66,204
02-Jul 57,234 100,554 0 29,520 20,214 54,150 85,866

03-Jul 13,896 89,828 1,746 52,536 12 14,250 68,694
04-Jul 3,864 64,254 39,990 70.422 7,208 12,888 39,842
05-Jul 12,432 22,392 81,960 99,516 39,198 30,396 41,088
06-Jul 54,210 56,178 25,944 99,830 30,042 25,818 43,032

07-Jul 124,898 25,860 77,232 102,444 51,616 28,184 54,606
08-Jul 177,960 21,498 92,0486 50,700 99,258 15,182 88,530
09-Jul 183,300 46,914 36,060 21,810 143,424 10,332 122,762

T0-Jul 988,782 29,886 73,794 24,318 184,158 5,220 113,250
11-Jut 6,810 19,082 408,482 5,190 151,122 4,320 115,536
12-Jul 2,496 15,114 10,200 9,634 137,786 4,986 99,180
13-Jul 4,284 6,270 74,964 6,694 98,736 3,234 21,338
14-Jui 4,632 4,590 79,050 2,062 49,745 8,042 6,072
15-Juf 3,012 3,270 16,5696 2,994 13,458 6,582 5,910
16-Jul 1,938 3,474 17,3684 432 1.164 2,106 4,098
17-dul 1,446 1,182 13,152 1.614 1,470 2,712 4,548
18-Juf 5,220 1,202 558 6,918 4,315
18-Jul 4,788 870 13,434 965
20-Jul 1,320 218 9,312 366
21-Jul 8,300
22-Jul 4,446
23-Jul 2,466
24-Jul 2,376
25-Jdyl
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul
37-Jul
01-Aug
02-Aug
03-Aug
O4-Aug
Late
Total 895,688 1,032,042 1,060,920 694,880 1,034,828 792,282 1,165,320
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Appendix A.1. Egegik River historical daily escapement, 1957-1999.

Date 1985 1986 1987 1988 1988 1980 1991
17-Jun
18-Jun
19-Jun
20-Jun 0
21-Jun G 13,914 &0
22-Jun 2,388 0 2,508 41,844 24
23-Jun 2,832 348 174 3,384 34,880 4] 2,142
24-Jun 678 1,484 18,786 3,012 5,754 642 7,452
25-Jun 726 4,880 5,622 2,256 11,838 1,194 1,728
26-Jun 1,524 642 80,750 6,912 17.034 1,218 24,210
27-Jun 8,662 9,774 110,226 17,100 7,152 720 10,874
28-Jun 43,848 8,426 51,132 96,108 23,352 5,142 16,866
29-Jun 52,008 8,708 53,718 111,444 14,040 14,832 23,352
30-Jun 75,240 6,252 28,188 86,288 58,930 27,126 47,358
01-Jul 68,814 24,186 83,100 39,348 58,740 41,208 115,764
02-Jul 21,222 27,378 18,702 68,164 70,832 261,582 156,450
03-Jul 109,080 117,380 52,986 109,584 222,378 334,050 300,438
04-Jul 132,306 56,982 37,236 126,168 185,328 349,668 305,238
05-Jul 88,036 138,948 51,618 158,940 217,002 138,978 326,586
06-Jul 154,548 156,888 67,4486 135,216 269,602 137,634 345,688
Q7-Jdul 48,036 74,052 80,304 81,686 139,800 73,416 343,284
08-Jul 31,260 31,812 124,248 115,898 115,404 51,636 142,194
09-Jui 22,800 26,586 122,718 64,506 34,774 238,644 63,844
10-Jul 45,884 29,496 64,302 78,918 6,972 68,520 37.3688
T1-Jul 39,234 48,860 34,734 104,148 8,304 58,986 45 756
12-Jul - 63,138 58,814 10,626 42,048 7.082 142,782 85,828
13-Jui 32,598 68,490 10,842 53,7986 13,158 118,226 54,942
14-Jul 29,328 73,428 19,932 79,578 5,316 76,122 151,068
15-Jul 5,874 10,062 21,930 9,804 5,084 52,758 86,6812
16-Jul 2,442 10,692 33,144 5,466 9,836 118,032 12,366
17-Jul 1,200 10,582 47,244 8,328 1,974 23,718 8,688
18-Jul 1,404 10,592 7.134 10,938 2,286 13,254 10,326
19-Jul 1,836 10,592 20,948 4,662 2,874 13,820 11,118
20-Jul 858 10,582 9,642 1,986 2,034 15,612 11,368
21-Jul 10,592 16,938 924 1,578 5,874 10,488
22-Jul 10,582 6,672 5,034 12,426
23-Jul 10,592 2,154 4,056
248-Jul 10,582 -216 3,852
25-Jul 10,582 1,872
26-Jul 10,692
27-Jul 10,592
28-Jul 10,582
29-Jul 10,582
30-Jdul 10,6982
31-dul 10,594
01-Aug
02-Aug
03-Aug
04-Aug
Lats
Total 1,095,204 1,151,320 1,272,978 1,599,096 1,610,916 2,191,362 2,786,880
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Appendix A.1. Egegik River historical daily escapement, 1957-1999.

Date 1892 1983 1994 1995° 19986 1897 1988
17-Jun
18-Jun 182
18-Jun 888 458 11,220 14,610 24
20-Jun 1,658 20,454 4,686 10,650 26,100 2,016
21-Jun 9,864 130,842 15,616 90 13,566 1.548
22-Jun 3.204 144,438 8186 2,052 1,260 34,830 1,134
23-Jun 14,304 158,192 264 78 21,174 10,672 15,0680
24-Jun 15,060 ag. 718 4,938 3,600 27,378 6,258 21,198
25-Jun 22,032 89,252 32,062 28,476 24,468 6,324 27,474
28-Jun 41,142 110,514 71,178 81,684 2,298 7.410 21,948
27-Jun 118,674 45,248 17,364 88,328 888 25,164 32,3924
28-Jun 98,2584 19,8668 10,880 188,766 37,176 42,836 25,458
29-Jun 130,620 7,032 5,712 115,818 35,868 44,024 50,028
30-Jun 129,990 8,292 35,088 122,076 34,434 34,566 46,242
01-Jul 144,366 27,048 31,410 79,986 38,222 16,296 85,676
02-Jdul 45,798 48,872 4,578 6,894 48,038 8,618 85,278
03-Jul 7,892 18,884 29,820 18,528 80,714 13,614 13,620
04-Jul 11,232 24,576 221,826 78,9086 31,116 7,956 50,436
05-Jul 53,680 70,542 184,764 56,136 17,202 8,252 14,850
06-Jul 84,240 103,170 178,818 41,226 8,604 18,252 71,016
07-Jul 114,972 61,692 180,138 2,976 34,686 170,664 101,868
08-Jul 89,674 48,240 181,178 65,276 51,342 127,806 38,276
09-Jul 109,764 37.824 176,892 61,818 62,250 39,228 17,282
10-Jul 185,604 30,738 75,404 5,220 234,848 12,252 45,102
11-Jul 146,322 61,938 106,292 23,634 226,074 176,196 59,094
T2-Jul 147,842 42,132 100,008 21,480 20,688 81,300 24,276
13-Jul 83,292 44,220 42,348 14,844 2,370 68,130 29,766
14-Jul 24,824 23,886 43,422 11,166 3,270 37,842 83,780
15-Jul 19,812 10,428 50,148 4,382 9,564 42,498 65,088
16-Jul 23,220 9,080 23,088 8,904 17,790 6,168 14,370
17-Jul 30,378 7,088 21,774 10,872 6,114 3.822 20,058
18-Jul 18,198 10,338 45,642 5,850 37,302
19-Jut 24,936 8,172 21,366 7.374 12,570
20-Jul 24,384 9,936 11,622 6,498 8,478
27-Jul 8,862 3,636 15,294 4,250
22-Jul 1,926 32,268
23-Jui 24,972
24-Jul 14,784
25-Jul 5,964
26-Jul 1,104
27-Jul 1,308
28-Jui 546
29-Jul 1,032
30-Jul 1,218
31-Jul 3,720
O1-Aug 1,140
02-Aug 660
03-Aug 672
04-Aug 342
Lata 4,074
Total 1,946,332 1,518,980 1,887,832 1,281,678 1,075,586 1,103,964 1,110,882
a Total sockeye for Aug 5-30 when tower operated for coho salmon enumeretion.
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Appendix A.1. Egegik River historical daily escapement, 1957-1999.

Date 1999
17-Jun
18-Jun
189-Jun
20-Jun
21-Jun 24
22-Jun 24
23-Jun &8
24-Jun 30
25-Jun 18
28-Jun 78
27-Jun 450
28-Jun &0
29-Jun 2,970
30-Jun 5,598
01-dul 56,400
02-Jul 61,002
03-Jul 211,962
04-Jul 88,436
08-Jul 99,642
06-Jul 173,484
07-Jul 262,872
08-Jul 163,278
08-Jul 194,010
T0-Jul 141,978
11-dul 80,372
12-Jul 85,824
13-Jul 23,178
T4-Jul 16,860
15-Jul 18,672
16-Jul 7.812
17-dul 11,772
18-Jul
18-Jul
20-Jul
27-Jul
22-Jul
23-Jul
24-Jul
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jud
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
Late
Totai 1.727,772
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Appendix A. 2. Igushik River historical daily escapement, 1958-19388.

Date 1958 1959 1960 1961 1962 1963 1364
19-Jun
20-Jun
21-Jun
22-Jun 492 0
23-Jun 897 192 0
24-Jun 804 144 0
25-Jun 1,725 0 162 36 0
26-Jun 1,422 1,110 30 108 0 0
27-Jun 1,686 1,416 48 348 0 0
28-Jun 306 1,593 726 1,812 0 12
29-Jun 2,644 4,281 4.008 5,880 48 12
30-Jun 1,770 9,561 9,048 9,224 204 480 36
01-Jul 2,400 10,977 2,892 12,270 306 252 930
02-Jul 3,108 17,280 4,452 14,220 312 798 168
03-Jul 1,668 28,878 6,747 16,548 564 1,362 9,610
O4-Jul 1,746 32,538 8,186 14,070 348 2,364 5,706
05-Jul 5,844 38,754 11,370 18,516 5486 1,860 3,264
06-Jul 2,364 55,9938 14,442 20,5566 708 2,286 3,870
07-Jul 3,810 38,034 13,878 21,030 2,286 8,328 7,980
08-Jul 4,896 35,796 14,352 26,946 3,762 11,982 12,972
08-Jul 10,500 45,915 18,702 20,558 2,628 14,8560 13,206
10-Jul 16,410 37,461 34,674 17,946 1,752 12,300 9,174
11-Jul 11,310 31,678 34,812 17.886 720 7.230 7.104
12-Jul 1,832 29,889 45,426 13,980 834 4,392 9,102
13-Jul 3,540 15,042 42780 11,520 372 3,276 5,646
14-Jul 4,242 11,418 31,314 10,038 80 3,036 5,916
15-Jul 6,444 19,893 25,434 10,212 42 2,700 10,212
16-Jul 3,240 20,475 20,064 5,760 42 2,604 7.878
17-Jul 3,324 16,257 11,892 6,138 54 4,080 4,110
18-Jul 3,768 21,822 17,322 3,564 72 2,196 4,242
19-Jul 2,904 23,571 16,686 2,730 6 1,684 2,546
20-Jul 1,770 22,644 13,872 1,884 o 1,728 1,818
21-Jul 1,338 18,861 13,080 2,130 o 978 882
22-Jul 696 15,906 12,642 1,002 12 b70 1,236
23-Jul 978 6,129 12,108 1,146 o 300 636
24-Jul 648 5,620 11,9588 36 270 210
25-Jul 372 3,719 8,628 684 102 6
26-Jut 270 2,961 6,582 1,110 160 36
27-Jul 78 1,206 6,166 540 36 12
28-Jul 54 4,635 3,930 330 &
23-Jul 120 2,946 4,152 630
30-Jul 66 1,706 3,384 444
31-Jul o 1,734 2,084 758
01-Aug ] 1,068 2,340 414
02-Aug 0 360 1,880 Eh8
03-Aug 957 1,296 150
Q4-Aug 1,260
05-Aug 720
Total 107,478 643,808 495,087 204,252 15,660 92,184 128,532
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Appendix A. 2. Igushik River historical daily escapement, 1958-1899.

Date 1965 1966 1967 1968 1969 1970 1971
19-Jun 4]
20-Jun 0
21-Jun s 0
22-Jun 0 192 258
23-Jun 12 0 474
24-Jun 4 1,182 812 O 594
25-Jun 0 2,388 2,010 564 1.482
26-Jun 6 8,136 8,052 3,102 2,262
27-Jun 36 6,396 11,804 10,020 540
28-Jun 12 7.362 22,418 11.946 1,272
29-Jun 1,272 5,810 19,836 7,596 252
30-Jun 3,786 7,698 16,362 8,172 294
C1-Jul 3,792 8,064 22,170 8,694 384
Q2-Jul 7,182 842 12,660 16,632 8,064 1,470
03-Jul 4,962 1,122 25,158 16,362 17,292 594 36
04-Jul 2,760 26 26,616 12,268 36,234 3,906 1,950
05-Jul 2,940 48 22,188 6,474 44,988 3,426 2,742
06-Jul 1,440 108 30,792 5,988 45,662 7.860 5,832
Q7-Jul 1,002 36,138 22,838 6,360 60,342 17.844 5,472
08-Jul 8474 35,154 25,284 5,328 85,316 40,962 5,820
05-Jul 20,946 43,002 18,744 3,660 64,842 55,146 5,748
10-Jul 27,606 168,236 13,296 4,626 37,008 38,966 3,364
T1-Jul 29,712 5,868 12,456 {180) 21,162 34,662 1,068
12-Jul 28140 4,608 3,806 2,004 15,030 36,948 1,044
13-Jul 14,106 7,606 3,114 2,940 12,246 41,946 684
14-Jui 7.026 18,030 1.134 1,082 9,738 35,844 2,580
15-Jul 2,352 17,856 2,736 (54} 7,668 24,336 7,248
16-Jul 1,642 9,948 2,886 846 5,225 9,672 12912
17-Jul 1,668 2,840 4,218 348 4,956 4,878 9,210
18-Jul 1,644 1,956 2,094 {1,704} 3,678 996 978
19-Jut 2,340 1,146 1,666 162 2,118 900 19,8960
20-Jul 1,722 1,630 1,830 1,698 738 534 20,070
21-Jul 1,666 918 1,512 1,630 36 264 4,530
22-Jul 780 552 438 {396) 954 21,108
23-Jul 258 816 120 1,606 {660)
24-Jul 648 240 762 1,718 48,456
25-Jul 408 738 318 21,498
26-Jul 414 384 7.302
27-Jul 186 54 1,758
28-Jul 18 240
29-Jul 42
30-Jul
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
Total 180,840 206,360 281,772 194,508 512,328 370,920 210,860
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Appendix A. 2. Igushik River historical daily escapement, 1958-1999.

Date 1972 1973 1974 1975 1976 1977 1978
19-Jun
20-Jun
21-Jun
22-Jun 108 0 0 0
23-Jun 0 0 0 0 1,896
24-Jun 480 O v} 384 5,142
25-Jun 354 G 0 516 4,338
26-Jun 18 456 0 36 408 10,280
27-Jun 0 816 G 0 660 9,948
28-Jun 0 1,266 0 156 1,812 9,930
29-Jun 0 1,260 0 0 2,388 9,664
30-Jun 0 1,224 0 600 3,342 18,978
01-Jul 0 2,700 0 828 4,116 24,252
02-Jul 10,572 6,486 0 324 4,428 27,222
03-Jul 5,256 14,802 0 1,632 2,730 24,628
04-Jul 84 5,068 21,702 0 1,812 2,982 29,076
05-Jul 1,164 4,926 36,150 1,032 2,460 3,912 37,068
06-Jul 1,242 4,158 49,548 1,710 5,364 3,510 45,126
07-Jul 276 2928 45,834 5,478 13,668 2,790 37,788
08-Jul 430 996 39,384 22,308 13,678 9,408 46,914
09-Jul 2,724 1,056 20,028 36,084 11,664 13,242 24,498
10-Jul 3,708 1,212 16,830 25,692 12,564 7.422 32,280
T1-Jul 4,500 4,224 12,582 32,6186 14,640 9,054 32,484
12-Jul 6,042 6,192 16,956 37,662 20,166 5,838 27,584
13-Jul 5,934 4,890 14,922 20,724 13,824 3,570 28,932
14-Jul 6,912 2,076 10,770 12,054 9,822 2,400 20,118
15-Jul 5,184 2,454 7.068 9,270 8,460 3,402 12,222
16-Jul 5,988 1,230 6,282 6,792 6,610 2,814 5,826
17-Jul 4,020 1,044 6,132 4,624 8,496 1,404 3,426
18-Jul 2,592 450 6,216 6,930 11,202 1,208 2,178
19-Jul 3,078 102 7,074 4,698 7,338 612 2,064
20-Jul 2,928 492 4,446 4,488 4,884 630 1,854
21-Jul 1,398 156 2,376 3468 - 6,792 648 648
22-Jul 744 18 1,830 2,886 4,884 342
23-Jul 300 1,674 1,224 2,298
24-Jul 294 1,176 1,446 1,194
25-Jul 246 120 0 678
26-Jul 126 246
27-Jul b4
28-Jul
29-Jul
30-Jul
31-Jul
Q1-Aug
02-Aug
03-Aug
0d-Aug
05-Aug
Total 60,018 59,508 358,762 241,086 186,120 95,970 536,154
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Appendix A. 2. Igushik River historical daily escapement, 1958-1999.

Date 1979 1880 1981 1982 1983 1984 1985
19-Jun
20-Jun 0
21-Jun 324 0 1,416
22-Jun 1,068 0 1,716
23-Jun 912 2,362 1,678 0 &
24-Jun 1,596 1,020 1,908 0 834 258
25-Jun 1,762 2,610 3,642 0 3,312 2,490
26-Jun 5,352 4,650 2,550 0 6,024 7,356
27-Jun 18,818 7.530 702 0 5,682 7,152 30
28-Jun 27,600 3,954 1,302 12,858 7,926 9,616 42
29-Jun 30,4586 2,400 600 0 5,160 7,356 1,002
30-Jdun 29,706 3,666 1,050 2,718 8,226 7,986 3,912
01-Jul 27,678 3,036 2,562 34,626 6,642 5,118 2,262
02-Jul 64,020 21,276 8,304 5,448 6,120 5,982 3,694
03-Jul 88,686 58,140 3,270 34,518 6,792 6,060 14,034
C4-Jul 63,862 104,232 5,408 40,380 8,040 6,438 16,092
05-Jud 72,126 113,662 7,680 58,370 10,632 7,740 14,454
06-Jul 56,952 120,234 16,762 63,426 11,916 2,960 12,336
07-Jul 46,140 156,936 21,720 37,752 11,616 8,130 10,614
08-Jut 680,254 148,842 27,768 27,360 12,810 9,774 24120
09-Jul 53,148 122,924 39,9920 16,014 4,288 9,084 25,488
10-Jul 40,116 143,658 45,678 32,310 10,824 6,760 26,142
T1-Jud 25,050 121,380 41,226 13,386 6,262 6,486 17,964
12-Jul 23,442 122,208 36,918 9,420 3,738 6,372 8,390
13-Jul 20,742 138,336 58,116 5,614 2,514 6,600 8,880
14-Jul 12,522 142,884 55,422 4,098 1,452 7.020 3,312
15-Jul 15,192 104,394 47,340 5,620 4,944 8.364 5,682
16-Jul 12,090 101,076 42,812 5,232 7,680 6,438 3,018
17-Jul 7,986 56,778 33,120 3,870 3,612 3,618 3474
18-Jui 5,698 38,626 23,238 4,830 4,302 4,878 2,946
18-Jul 5,286 28,064 19,140 3,320 2,460 4,788 1872
20-Jul 3,882 12,380 12,548 2,418 2,346 3,168 1,266
21-Jul 4,118 11,220 11,088 1,386 2,982 2,730 372
22-Ju 4,686 6,192 8,190 324 1,746 2,400 120
23~Jul 7.914 4,308 3,876 1,878 1,642
24-Jul 5,760 872 3,408 1,314 1,272
25-Jul 5,472 1,176 1,062
26-Jul 7,218 480 486
27-Jul 2,010 492
28-Jul
29-Jul
30-Jul
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
Total 859,560 1,987,530 591,144 423,768 180,420 184,872 212,418
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Appendix A. 2. lgushik River historical daily escapement, 1358-1999.

Date 1986 1987 1388 1939 1990 1991 1992
19-Jun
20-Jun O
21-Jun 0 3]
22-Jun 9] 0 540
23-Jun o 600 714 0 1,110
24-Jun o] 1,452 942 B4 5,982
25-Jun 0 2,832 636 0 3,594
26-Jun ] 4,194 2,478 4,602 1,392
27-Jun ) 1,572 6,114 5,982 4,290 26,238 1,422
28-Jun 0 2,070 9,048 17,022 3,684 51,342 3,210
29-Jun o) 6,510 6,072 11,112 2,580 29,220 11,946
30-Jun 78 3,366 4,224 7,140 2,196 22,680 11,232
01-Jut 2,166 6,498 4,758 6,630 3,072 20,724 13,530
02-Jul 1,968 9,048 11,670 12,462 6,726 15,702 18,186
03-Jul 612 7.212 9,072 25,476 10,672 18,594 18,312
04-Jul 1,854 12,768 9,018 31,014 32,418 48,234 7.872
05-Jul 7,134 9,564 8,844 27,066 42,786 106,132 2,448
06-Jul 23,484 3,378 11,208 16,928 37,356 115,884 7.446
07-Jul 24,432 5,112 10,2686 40,176 28,176 60,162 9,258
QB-Jul 8,866 7,914 9,888 48,384 38,876 51,186 18,294
02-Jul 19,896 4,794 9,930 47,196 31,944 33,810 23,526
10-Jul 44,622 8,190 8,700 31,820 31,636 18,174 13,608
T1-Jul 29,634 4,872 7.356 22,320 13,140 16,218 29,9186
12-Jul 18,036 3,642 6,084 12,732 16,434 14,220 21,708
T3-Jul 13,800 4,746 4,230 17,232 13,764 11,148 26,052
14-Jul 8,802 5,604 7,696 18,618 7,416 10,062 13,860
16-Jul 9,888 4,212 7,242 16,684 6,222 11,568 11,472
16-Jul 18,870 3,768 3,456 15,894 7.620 10,308 7,458
17-Jul 14,382 3,840 2,922 7.854 2,200 13,488 6,264
18-Jui 13,6390 8,012 1,872 4,650 4,170 12,664 4,236
19-Jul 11,562 10,494 996 5,376 3,936 13,962 3,204
20-Jul 8,556 8,832 762 41786 2,910 9,348 5,382
27-Jul 8,088 7,824 2,274 2,244 5,916 1,842
22-Jul 6,612 4,878 2,362 1,284 2,130 612
23-Jul 4,644 5,328 1,818 474 3,708
24-Jul 4,212 2,982 1,152 {252)
25-Jul 3,042 978
26-Jul 228
27-Jul
28-Jul
29-Jul
30-Jul
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
Total 308,820 169,236 170,406 461,610 365,796 758,126 304,920
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Appendix A. 2. Igushik River historical daily escapement, 1858-1999.

Date 1993 1994 1995 1996 1997 1898 1999
19-Jun
20-Jun
27-Jun
22-Jun 120 54
23-Jun 3,102 234 306 474
24-Jun 3,198 126 558 3,646 804
25-Jun 5,208 458 2,322 5,166 a72 6
26-Jun 3,990 218 8,060 14,952 738 0
27-Jun 8,844 906 27,364 12,390 1,872 ¢]
28-Jun 13,848 2,700 29,484 20,934 2,364 6 0
29-Jun 22,566 2,994 26,922 11,046 2,640 378 )
30-Jun 24,144 1,734 41,712 4,860 1,626 978 2,958
01-Jul 24,380 1,836 38,692 4,038 1,044 924 4,632
02-Jut 9,720 4,782 51,800 2,724 1.074 780 23,632
03-Jul 22,728 3,042 24,972 3,262 1,062 2,268 30,342
04-Jul 20,736 12,912 12,048 4 208 2,094 14,790 34,410
Q5-Jul 32,478 15,5652 9,804 4,566 2,694 32,322 49,140
06-Jul 49,188 11,310 6,960 7,632 4,638 34,380 42,168
07-Jul 36,762 13,686 6,594 7,884 2,622 16,636 45,486
08-Jul 19,626 6,198 12,942 11,916 3,132 14,034 39,072
09-Jul 11,556 8,484 24,882 13,770 5,220 18,834 41,340
F0-Jul 6,672 21,198 25,998 17,214 6,954 19,362 23,874
11-Jul 4,548 b1,924 13,758 23,694 8,706 7,164 12,258
12-Jul 6,966 45,864 16,266 32,808 8,346 6,126 8,124
13-Jul 14,592 39,528 13,320 40,044 7,158 7.428 8,694
14-Jul 14,634 38,232 11,022 32,082 6,786 10,062 7,536
18-Jul 13,470 16,776 9,282 21,498 7428 7,590 5,850
16-Jul 8,870 8,688 7,026 21,636 8,622 5,322 10,968
17-Jul 6,426 13,788 7,668 11,088 8,632 4,362 13,176
18-Jul 5,358 22,794 7,566 9,876 8,526 2,856 14,490
19-Jul 4,656 22,650 9,664 8,646 6,114 3,966 8,796
20-Jul 3,684 18,198 10,140 8,934 4,366 2,322 6,036
21-Jul 2,256 11,384 10,158 7,800 3,732 1,284 6,600
22-Jul 1,098 10,260 8,502 7,566 2,598 1,830 6,048
23-Jul 7,422 8,436 2,256
24-Jul 7,184 10,104 2,620
25-Jul 10,242 6,438
26-Jul 7,194
27-Jul 4,680
28-Jul
29-Jul
30-Jul
31-Juil
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
Total 405,564 445,820 473,382 400,746 127,704 215,804 445,536
Page 6 of 6
73

L L3 L0 S i3 3 L3 a3

— L2 3

-

A



Appendix A. 3. Kvichak River historical daily escapement, 1955-1999.

Date 1955 1956 1957 1958 1959 1960
19-Jun
20-Jun :

- 21-Jun 308 402
‘ 22-Jun 623 135
’ 23-Jun 120 8 0 307 312

24-Jun 256 38 0 99 80
25-Jun 509 32 0 212
26-Jun 166 30 7,337 24 941 18
27-Jun 211 88 4,987 29 416 186
28-Jun a8 263 2,922 58 1,133 2,322
29-Jun 80 229 9,305 515 340 1,776
30-Jun 112 343 46,825 582 1,098 1,998
01-Jul 186 31 51,797 174 588 9,747
02-Jut 148 3N 62,332 1,485 384 155,394
03-Jul 102 373 82,789 960 1,152 221,586
04-Jul 151 11,280 60,394 153 7.872 361,572
! 05-Jul 3,426 10,258 70,371 129 49,612 384,012
06-Jul 24,364 53,085 48,245 48 51,288 359,946
07-Jul 9,125 75,851 45,703 29,328 48,780 586,728
08-Jul 657 134,163 83,275 161,108 30,758 644,058
09-Jul 893 221,055 56,4356 148,760 12,524 702,966
10-Jul 918 268,179 147,794 44,945 19,097 727,644
11-Jul 12,766 268,048 283,029 24,802 32,627 1,075,212
12-Jul 11,351 375,393 461,443 3,575 21,285 1,332,329
_ 13-Jul 6,937 498,944 461,961 2,241 52 818 1,046,130

. 14-Jul 5,458 583,882 371,154 3,966 88,226 972,978

" 15-Jul 21,578 694,874 147,430 43,458 80,994 943,860
16-Jui 73,304 923,007 88,426 47,559 55,343 1,001,322
17-Jul 31,822 1,053,583 56,012 5,946 23,398 1,116,582
18-Jul 13,398 910,574 30,330 1,530 16,093 1,262,790
19-Jul 5,726 711,050 49,258 879 17,357 928,770
20-Jul 4,148 650,430 72,706 1,017 13,225 529,158
21-Jul 4,781 606,643 37,966 2,673 9,140 115,726
22-Jul 4,537 440,420 26,820 834 5,637 39,345
23-Jul 3,972 288,795 23,152 2,130 5,631 36,324
24-Jul 2,245 212,571 25,612 2,274 3,801 22,457
25-Jul 2,187 154,609 14,637 999 1,514 9,678
26-Jul 1,073 98,495 34,409 357 2,119 8,808
27-Jul 962 66,923 543 2,189
28-Jul 785 37,516 938 2,592
29-Jul 797 25,100 384 1,800
30-Jul 545 20,353 381 390
31-Jul 409 15,999

{ 01-Aug 213 14,568

02-Aug 82 5,676
Total 250,546 9,443,318 2,964,756 534,785 673,811 14,602,360
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Appendix A. 3. Kvichak River historical daily escapement, 1955-1999.

Date 1961 1962 1963 1964 1965 1966 1967
19-Jun
20-Jun
21-Jun
22-Jun 120 584
23-Jun 120 486 72 0 12 0 1,122
24-Jun 120 708 66 18 300 0 18,054
25-Jun 284 276 66 132 7,618 0 6,246
26-Jun 3,378 780 54 300 38,942 0 30,858
27-Jun 81,192 5,922 30 186 66,984 12 115,554
28-Jun 88,884 5,670 30 522 97,006 0 54,798
29-Jun 134,934 3,366 702 348 127,028 12 84,432
30-Jun 122,316 5,724 5,628 468 156,540 12,852 281,640
01-Jul 78,510 29,868 10,368 1,074 247,332 14,298 349,254
02-Jul 33,804 153,798 5,598 1,554 467,154 38,784 293,616
03-Jul 270,726 123,996 7,986 1,848 589,908 17,676 111,864
04-Jul 232,488 43,758 5,100 1,020 373,602 23,748 188,592
05-Jul 375,048 91,842 5,082 624 433,794 158,644 211,240
06-Jul 470,478 242,700 18,606 8,406 723,008 266,568 233,832
07-Jul 420,846 509,478 40,944 31,482 1,180,272 439,866 210,252
08-Jui 261,840 413,238 36,000 64,752 1,688,650 506,844 202,440
09-Jul 146,634 537,216 31,434 78,852 2,194,200 466,758 218,222
10-Jud 72,684 329,652 7,032 44,460 2,265,330 381,504 136,422
11-Jul 169,254 50,370 24,2486 56,898 1,737,480 318,840 35,868
12-Jul 128,100 2,424 32,970 51,444 1,736,040 400,038 15,276
13-Jul 200,028 2,526 25,608 176,682 1,661,240 259,692 85,314
14-Jui 161,700 4,014 22,188 126,720 1,185,060 126,936 142,200
15-Jul 125,376 2,538 12,018 71,004 852,420 65,256 34,302
16-Jui 48,552 2,904 7,632 55,392 808,098 42,774 34,326
17-Jul 14,634 5,614 7,776 28,410 747,762 29,184 30,198
18-Jul 24,546 3,978 9,288 12,628 1,266,480 32,298 23,214
19-Jul 26,826 1,392 5,358 17,232 1,180,500 44,292 23,652
20-Jul 10,848 360 5,698 17,160 930,420 37,434 9,120
21-Jul 5,166 684 3,768 19,896 726,354 28,548 9,510
22-Jul 8,628 282 2,202 15,852 464,454 19,890 5,844
23-Jul 6,393 714 960 17,550 190,280 8,658 3,498
24-Jul 4,038 942 1,442 28,434 117,954 4,344 2,184
25-Jul 2,760 570 1,146 12,762 107,352 3,450 2,700
26-Jul 2,508 870 678 6,408 72,078 2,250 2,172
27-Jul 960 1,140 528 1,902 44.274 1,410 2,148
28-Jul 642 396 228 1,272 25,446 1,602 1,344
29-Jul 284 204 84 1,182 14,298 822 354
30-Jul 180 0 42 1,086 5,388 600 234
31-Jul 60 0 12 7686 4,644 400 B4
01-Aug
02-Aug
Total 3,705,843 2,580,884 338,570 956,616 24,320,580 3,756,184 3,215,850
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Appendix A. 3. Kvichak River historical daily escapement, 1955-1999,

Date 19638 1968 1970 1871 18972 1973
18-Jun
20-Jun
21-Jun
22-Jun
23-Jun 72 66 492 o 0 1)
24-Jun 6 24 4,248 o, 0O 144
25-Jun 24 180 2,970 8] 0 108
26-Jun 804 228 2,730 0 0 510
27-Jun 1,440 78 6,084 0 12 456
28-Jun 3,954 96 45,168 o 0 582
29-Jun 115,434 174 181,728 0 0 1,014
30-Jun 155,484 54,174 487,092 0 96 804
01-Jul 164,712 185,544 646,140 2,154 42 594
02-Jul 102,420 228,942 622,800 5418 3386 2,616
03-Jui 125,4%0 302,562 797,340 3,828 1,080 3,918
04-Jul 133,620 416,634 1,104,780 4,338 672 4,794
05-Jul 240,984 563,040 1,176,900 1,614 198 2,094
08-Jul 289,590 727,032 1,408,290 1,368 204 2,874
07-Jut 286,182 847,122 935,480 17,964 79,3586 6,268
08-Jul 254,088 950,016 904,320 103,476 265,284 21,666
09-Jul 141,048 868,470 990,420 151,626 186,276 63,402
10-Jul 76,686 797,400 934,500 200,874 115,608 57,652
11-Jul 141,984 673,680 1,242,642 283,590 170,202 25,962
12-Jul 149,796 395,304 580,110 265,050 94,626 6,252
13-dul 892,940 361,374 541,116 147,906 39,204 3,198
14-Jul 26,544 295,086 404,100 88,950 22,782 2,184
15-Jul 15,516 268,878 257,580 199,674 17,796 1,044
16-Jul 13,086 163,360 137,004 200,712 7,212 1,410
17-Jul 7470 116,124 39,972 221,034 2514 2,562
18-Jul 5,370 62,412 42,924 157,726 3,312 768
19-Jul 4,032 31,050 102,120 94,558 1,284 10,118
20-Jul 1,362 21,984 85,680 = 31,320 696 2,978
21-Jul 1,484 21,828 66,6086 30,616 276 552
22-Jul 1,238 15,228 55,668 28,000 252 126
23-Jui 960 10,446 35,112 25,000 288 18
24-Jul 918 6,480 16,698 22,000 354 0o
25-Jul 564 3,150 11,178 20,000 4] 0
26-Jul 522 1,926 9,428 18,000 o 0
27-dul 294 1,614 5,166 15,000 0 0
28-Jul 3086 206 3,366 12,000 0 0
29-Jut 492 10,866 10,500 ¢] 0
30-Jul 876 10,428 9,000 0 ]
31-Jul 204 6,492 8,000 0 0
O1-Aug
02-Aug
Total 2,656,432 8,394,174 13,916,346 2,381,266 1,009,962 226,554
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Appendix A. 3. Kvichak River historical daily escapement, 1955-1999.

Date 1974 18756 1976 1977 1978 1973
18-Jun
20-Jun
27-Jun
22-Jun
23-Jun 1,008 126 0 528 312 398
24-Jun 1,164 192 Q 2,484 8,662 222
25-Jun 1,734 1,212 458 2,940 29,118 356,430
26-Jun 5,694 1,500 780 5,292 22,356 686,868
27-Jun 5,160 260 318 11,2286 6,048 850,170
28-Jun 17,178 312 204 5,068 2,166 887,382
29-Jun 47,028 216 360 7,818 101,766 1,015,074
30-Jun 208,058 31,362 240 66,672 250,020 975,168
071-Jul 258,618 438,648 180 131,484 268,620 567,016
02-Jut 288,462 439,140 1,662 86,820 130,782 585,012
03-Jul 320,760 367,950 12,174 103,392 43,548 925,692
04-Jul 311,268 566,172 104,652 129,702 15,420 640,218
05-Jul 366,936 639,804 191,208 145,374 31,872 492,762
06-Jul 362,790 755,232 323,244 150,180 285,312 486,090
07-Jul 330,510 849,882 251,628 87,6568 611,586 667,410
08-Jul 387,078 882,666 64,366 33,876 702,672 573,660
09-Jul 327,510 889,614 25,812 27,168 456,054 446,460
10-dul 398,334 961,260 74,736 15,006 517,148 284,828
11-Jul 295,068 850,440 204,390 9,618 388,520 220,122
12-Jul 208,356 782,352 268,680 50,448 81,756 107,712
13-Jul 106,200 661,164 214,416 50,952 34,674 80,576
14-Jul 83,928 610,632 118,704 70,740 74,112 68,160
15-Jul 39,798 640,572 34,566 76,380 22,788 76,992
16-Jul 16,650 627,066 18,378 25,704 10,170 57,696
17-Jul 11,112 527,058 9,432 11,826 3,948 43,888
18-Jul 11,364 322,678 10,410 2,682 4,332 38,922
19-Jul 5,142 304,776 12,684 7.740 13,236 25,614
20-Jul 3,312 254,664 7.464 6,264 15,608 23,220
21-Jul 3,516 214,392 8,340 3,798 10,236 10,050
22-Jul 3,600 171,144 3,726 2,664 6,228 6,468
23-Jul 1,428 179,670 2,070 1.764 4] 1,350
24-Jul 1,764 77,668 0 1,044 0 #]
25-Jul 200 46,788 0 0 0 0
26-Jul 516 23,196 0 0 Q0 Q
27-Jul 600 11,184 )] 4] 0 0
28-Jul 312 6,450 ) 4] O o
29-Jul 0 2,412 0 0 0 0
30-Ju! 0 4] 0 4] o) )
31-Jul 0 0 O 0 0 ¥
O1-Aug
02-Aug
Total 4,433,844 13,140,354 1,965,282 1,341,102 4,149:126 11,216,628
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Appendix A. 3. Kvichak River historical daily escapement, 1955-1989.

Date 1980 1981 1982 1983 1984 1985
19-Jun 108 o
20-Jun 366 66 168
2%1-Jun 228 150 42
22-Jun 4,446 4,020 30 174 6
23-Jun 1,644 16,950 12 b4 258 30
24-Jun 840 7,632 18 48 426 6
25-Jun 480 3,696 0 6 16,578 54
26-Jun 450 1,672 <] 6 68,9486 24
27-Jun 148,122 582 0 2,628 34,206 78
28-Jun 825,480 1,050 12 139,062 12,504 113,040
29-Jun 1,080,850 32,238 18 378,324 671,250 248,586
30-Jun 1,006,020 47,814 18 422,922 1,017,064 268,590
01-Jul 1,355,130 140,502 8,460 422,352 778,200 348,380
02-Jul 1,520,382 181,612 6,306 316,806 516,378 237,174
03-Jul 1,360,860 38,802 1,398 98,084 514,080 120,714
C4-Jul 1,847,400 58,666 9,066 86,694 689,580 263,520
05-hil 1,667,500 299,322 5,658 88,576 793,696 305,760
06-Jul 1,536,300 191,088 14,982 46,890 864,580 422,682
07-Jut 1,334,820 36,396 92,112 42,204 818,480 408,498
08-dul 1,413,720 30,576 282,342 155,844 794,138 308,586
09-Jul 1,310,760 120,684 130,500 349,170 855,420 696,174
10-Ji 1,105,380 286,428 47,262 95,220 555,960 792,150
T1-Jul 1,078,140 178,344 32,286 31,884 229,194 702,282
12-dul 906,780 23,914 49,086 42,990 136,014 473,142
13-Jul 852,780 18,116 17,220 54,708 390,366 297,138
T4-Jul 616,680 7,470 9,378 63,236 283,448 298,524
15-Jul 436,278 3,192 6,438 341,754 79,284 220,332
16-Jul 311,628 9,606 98,768 222,414 60,756 110,778
17-Jul 230,676 5,178 112,752 29,3456 98,478 41,952
18-Jul 183,294 1,410 59,202 39,834 89,448 19,044
19-Jul 161,976 3,990 93,878 52,686 70,332 7.308
20-Jul 95,328 )] 38,994 19,266 24,918 2,496
27-Jul 52,782 o 2,324 6,138 11,880 2,058
22-Jul 98,148 4} 1,734 4,170 8,508 64,830
23-Jul 36,660 0 1,248 1,178 8,712 256,434
24-Jul 13,734 0 3,676 0 5,202 86,270
25-Jul 4] 0 5,916 0 1,260 10,608
26-Jul o 4] 4,392 Q 0 6,888
27-Jul ] 0O 280 0 0 2,742
28-Jul 0 o ) o O 3,080
29-Jul 0 0 O 0 4] 942
30-Jul 0 ) o) 0 o 0
31-Jul 4] 0 0 o o 4]
01-Aug
02-Aug
Total 22,605,268 1,754,352 1,134,420 3,569,982 10,490,646 7,210,914
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Appendix A. 3. Kvichak River historical daify escapement, 1955-1989,

Date 1986 1987 1888 1989 1990 1991 1992
19-Jun
20-Jun
21-Jun
22-Jun 42
23-Jun o 0 30 450
24-Jun 0 0 0 0 768
25-Jun 0 0 1,068 67,616 942 60 1,260
26-Jun ] 0 3,378 240,756 1,110 594 7,080
27-Jun 0 0 71,858 226,830 1,380 2,844 6,966
28-Jun 0 0 188,070 128,028 2,232 45,960 64,962
29-Jun Q 0 48,398 239,034 2,694 75,210 173,922
30-Jun 0 36 14,730 616,362 31,104 152,698 191,496
O1-Jul 48 30,138 36,204 543,372 6,228 310,830 188,56566
02-Jul 480 506,616 414,204 514,170 173,064 312,918 118,406
03-Jul 7,272 581,382 414,504 721,308 606,654 354,504 43,926
04-Jul 66,756 428,826 405,268 1,090,380 586,980 325,824 294,666
05-Jul 137,814 155,970 303,438 1,040,100 461,508 343,672 569,814
06-Jul 56,106 78,786 178,062 529,164 525,504 215,718 581,130
07-Jul 9,210 85,398 109,842 663,636 502,110 66,822 443 604
08-Jul 2,244 769,230 42,628 571,368 607,410 69,080 191,712
09-Jul 30,642 1,022,298 40,224 336,084 552,180 77,946 79,872
10-Jdul 131,418 867,432 117,084 151,398 630,680 278,698 25,212
11-Jui 97,446 610,434 385,602 38,898 389,130 446,826 190,388
12-Jul 140,814 267,528 698,280 46,986 307,350 379,860 486,966
13-Ju 174,306 260,35b6 279,762 50,640 414,600 179,508 404,100
14-Jul 132,640 118,890 87,486 53,886 405,150 83,712 263,544
T5-Jul 92,698 105,150 107,866 54,270 210,108 97,656 107.964
16-Jul 22,728 67,524 41,706 146,046 91,980 86,838 78,714
17-Jul 7.428 24,676 30,636 70,032 93,360 89,874 61,168
18-Jul 5,652 14,592 25,224 33,654 70,434 64,428 47,760
19-Jul 4,000 15,072 11,742 42,966 58.692 53,070 37,666
20-Jul 3,000 12,492 4,296 40,608 48,510 30,270 23,856
21-Jul 8,000 19,122 3,078 27,522 46,056 24,432 22,806
22-Jul 24,000 22,350 600 14,370 48,876 26,520 8,656
23-Jdul 15,000 8,508 0 7,692 38,748 26,634 5,262
24-Jut 5,000 2,680 0 7.068 26,706 2412
25-Jui 3,000 0 10,332 28,560
26-Jul 1,000 0 5,076
27-Jul 1,000 0
28-Jul 0 o
29-Jul 0 0
30-Jul 0 0
31-Jul 0 Q
01-Aug
02-Aug
Total 1,179,502 6,065,886  4,065216 8,319,652 6,970,020 4,222,788 4,725,864
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Appendix A. 3. Kvichak River historical daily escapement, 1955-1999.

Date 1993 1994 1895 1996 1987 1998
19-Jun
20-Jun
21-Jun 0
22-Jun 13,350 C
23-Jun 11,016 42 0 0
24-Jun 9,828 24 0 42 2,676 60
25-Jun 17,148 84 60 4,062 3,624 24
26-Jun 69,912 738 41,346 21,174 8,718 936
27-Jun 195,312 6,744 318,944 11,310 26,742 2,028
28-Jun 242,354 16,254 362,952 3,366 18,144 2,694
29-Jun 287,724 762 217,164 1,002 6,732 10,344
30-Jun 84,936 306 172,302 774 8,084 10,044
01-Jul 82,140 504 496,818 5,674 3.174 5,628
02-Jul 67,596 3,630 727,884 42,854 7,026 354
03-Jul 101,010 224,208 453,504 133,902 33,054 52,236
04-Jul 124,632 1,295,892 307,462 93,732 42,012 148,554
05-Jul 371,016 1,176,840 241,008 43,410 48,054 184,488
06-Jul 694,122 790,896 637,032 23,724 93,486 179,868
07-Jul 360,738 754,686 954,258 35,016 138,878 155,388
08-Jul 198,834 859,236 992,880 48,290 197,742 80,016
09-Jul 169,782 689,646 1,080,020 99,852 159,678 147,258
10-Jul 162,930 652,626 663,348 100,518 152,742 385,620
171-Ju 138,030 597,420 322,104 100,266 103,224 429,936
12-Jul 171,300 215,106 163,656 90,954 87,138 275,148
13-Jui 177,228 62,394 260,928 175,452 60,432 110,676
14-Jud 67,488 52074 227,700 124,392 90,680 57,150
15-Jul 45,870 113,484 220,332 77,856 57,654 30,822
16-Jul 29,250 44 664 139,264 72,318 32,586 10,602
17-Jul 27,078 20,924 113,472 22,134 29,706 4,836
18-Jul 37,260 220,458 116,496 20,640 23,508 5,802
19-Jul 28,152 247,620 264,048 43,956 20,298 3,204
20-Jul 10,302 . 69,474 191,010 25,728 12,804 1,812
21-Jul 11,334 24,594 85,392 13,344 14,178 774
22-Jul 8,082 72,216 87,276 9,306 10,872
23-Jul 5,178 72,390 43,072 5,490 11,076
24-Jul 3,084 35,502
25-Jul 1,110 39,882
26-Jul 44, 622
27-Jul
28-Jul
29-hl
30-Jui
31-Jul
01-Aug
02-Aug
Total 4,025,166 8,355,936 10,038,720 1,460,578 1,603,732 2,296,074
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Appendix A. 3. Kvichak River historical daily escapement, 1955-1999.

Date 1859

18-Jun
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun b4
26-Jun 36
27-Jdun 90
28-Jun 24
29-Jun 234
30-Jun 16,962
01-Jul 87,450
02-Jul 232,242
03-Jul 411,228
04-Jul 338,088
05-Jui 437,124
06-Jul 304,272
07-Jul 428,358
08-Jul 632,554
09-Jul 403,932
10-Jul 395,958
T1-Jul 215,850
12-Jul 228,000
13-Jul 299,562
14- ki 217,820
1 5-Jul 298,842
16-Jul 162,348
17-Jul 310,638
18-Jul 428,550
19-Jul 182,006
20-Jul 70,278
21-Jul 41,988
22-Jul 24,882
23-Jul 20,544
24-Jul
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul
31-Jul

01-Aug

Q2-Aug

Total 6,196,914
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Appendix A. 4. Naknek River historical daily escapement, 1$58-1899.

Dats 1958 1959 1960 1961 1962 1963 1964
19-Jun
20-Jun
21-Jun 18
22-Jun 858 42
23-Jun 156 234
24-Jun 2,888 36 1,602
25-Jun 1.182 51 60 1,440
26-Jun 554 11,166 7,122 126 3,036
27-Jun 174 7,437 13,044 1,578 1,512 10,794
28-Jun 18 7.113 0 4,044 1,434 24,786 4,710
29-Jun 474 429 5382 2,028 10,974 61,968 65,734
30-Jun 660 7.542 8,376 1,296 74,286 10,734 33,828
O1-Jul 258 22,875 89,602 1,218 20,214 93,804 19,788
02-Jul 3,108 68,895 21,890 1,836 10,858 21,308 4,508
03-Jul 4,296 177,099 11,322 899,042 20,112 57,884 2,088
04-Juf 9,456 168,311 20,058 12,258 21,668 43,500 21,222
05-Jul 8,352 177,054 9,642 17,034 293,712 208,178 212,724
06-Jul 59,018 132,645 147,228 4,266 128,514 87,116 543,144
07-Jul £6,676 51,144 95,916 1,674 115,938 52,140 153,768
08-Jul 36,690 80,364 62,978 5,472 6,024 12,780 44,808
09-Jul 20,244 119,436 90,828 5,592 2,412 24,572 22,642
10-Jul 11,550 43,3868 36,144 13,668 1,116 50,814 73,128
17=Jul 5,364 103,233 16,828 34,302 1,182 50,022 22,614
12-Jul 3,306 460,839 19,698 52,218 1,194 15,2486 18,756
13-Jul 4,032 284,653 20,904 27,228 2.142 11,708 21786
14-Jul 23,718 112,880 11,668 10,260 954 24,192 26274
15-Jul 8,692 32,440 38,972 3,000 215 9,642 9,744
16-Jul 2,448 27,036 36,444 5,668 792 9,762 8,070
17-dul 2.316 47,244 10,830 8,664 372 2,692 10,980
18-Jul 2,136 26,136 14,088 5,922 216 3,080 4,188
19-Jul 2,430 19,132 9,432 as84 18 00 5,638
20-Juf 2,442 8,396 6,810 552 42 854 4,580
21-Jul 2,610 6,018 6,660 284 24 2,334 3,174
22-Jul 1,808 6,266 4,092 562 2,178 1,596
23-Jul 1,488 7,804 3,432 236 1,440 648
24-Jul 1,566 6,684 2,928 2,748 540 792
25-Jul 882 5,824 2,220 1,874 228 1,002
26-Jul 774 3,432 2,822 482 234 312
27-Jul 3b4 1,860 2,844 324 210
28-Jul 318 1,988 2,496 438 80
29-Jul 270 1,112 2,535 az24 102
30-Juyl 38 2,104 2,301 204 30
31-Jul 108 1,612 1,356 429
01-Aug 48 1,184 354
02-Aug 0 822 84
03-Aug 1,005 141
04-Aug 7586
05-Aug 480
Taotal 280,078 2,233,788 830,341 351,078 723,068 905,358 1,349,604
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Appendix A. 4. Naknek River historical daily escapement, 1958-1989,
Data 1965 1966 1967 1968 1963 1870 1971
19-Jun
20-Jun
21-Jun 4] 222 1688 12
22-Jun 12 66 7314 300
23-Jun 36 60 5,364 72 0
24-Jun 138 114 4,986 4,872 0 80
25-Jun 402 336 27,534 12,306 1] 0 ‘366
28-Jun 78 222 18,486 3,690 744 390 138
27-Jun 360 1,220 17,358 21,294 15,668 858 98
28-Jun 3,120 3,156 60,384 120,282 87,078 30,582 80
29-Jun 1,140 5,190 120,750 21,702 132,804 45,808 156
30-Jun 2,280 16,200 80,252 81,774 182,684 20,532 2,010
01-Jui 10,568 28,492 40,684 135,936 216,054 21,444 1,134
02-Jul 9,278 10,189 32,172 105,864 202,662 58,608 6,300
03-Jut 16,824 66,5652 62,884 82,148 185,736 82,352 2,520
04-Jul 32,022 42,672 40,224 139,434 138,896 59,226 1,764
05-Jul 74,256 209,278 55,626 145,884 34,974 56,334 18,108
06-Jul 184,332 218,130 30,234 36,900 8,030 71,406 25,164
07-Jui 44 346 228,660 31,898 12,270 11,058 108,374 82,854
08-Jul 31,188 86,328 26,346 8,602 12,890 50,160 118,284
09-Jul 39,120 30,782 15,240 15,528 20,868 37,5688 223,008
10-Jut 41,802 8,780 8,412 16,218 18,594 17,898 201,622
11-Jul 12,732 23,712 8,750 8,168 15,682 19,338 116,988
12-Jul 25,836 11,808 21,198 8,922 13,762 23,404 54 894
13-Jul 33,426 3,854 9,588 b,810 7,068 21,682 21,024
14-Jul 19,638 3,576 5,496 4,332 7,020 5,004 18,054
15-Jul 33,024 4,278 8,730 4,644 2,784 1,508 14,088
16-Jul 45,684 2,688 5,304 2,754 1,734 2,976 4,608
17-Jul 12,186 4,638 6,144 1,278 1,208 4,230 4,908
18-Jul 11,268 3,444 1,938 1,808 1,678 3,696 402
19-Jul 12,380 696 1,020 1,800 85h4 1,830 1,824
20-Jul 4,464 168 720 1.116 1.212 1,328 782
21-Jul 3,368 180 582 1,224 1,332 hi8 2,084
22-Ju 2,340 354 912 1,728 180 4,242
23-Juf 3,060 1,026 1,518 248 1,802
24-Jul 1,170 218 678 348 1.218
25-Jul 1,896 B48 1,128 318 1,374
26-Jul 1,082 824 840 348 1,014
27-Jdul 720 120 492 552 768
28-Jul 396 150 642 390 1,248
28-Jul 660 482 282 558
30-Jui 608 264 72 210
31-Jul 548
01-Aug
02-Aug
03-Aug
04-Aug
Ob-Aug
Total 718,763 1,016,421 755,656 1,022,340 1,331,202 732,602 935,754
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Appendix A. 4. Naknek River historical daily escapement, 1958-1999.

Date 1972 1973 1974 1975 1976 1977 1978
18-Jun
20-Jun
21-Jun 120
22-Jun 1218
23-Jun 0 788 36 3,114 a
24-dun 60 998 48 0 324 252
25-Jun 1,452 22,644 12 0 18,780 a0
26-Jun 818 10,350 78 3946 51,808 102
27-Jun 0 8,694 19,176 36 558 40,116 1,194
28-Jun 882 10,980 44 658 & 4,212 6,216 28,7588
29-Jun 5,180 2,874 75,942 3,132 8,660 247,314 28,220
30-Jun 45 240 2,528 143,550 150,402 354 150,078 42,678
01-Jui 8,270 11,466 128,664 133,494 43,074 25,884 13,002
02-Jul 5,370 4,382 144,912 48,462 131,202 34,698 4,800
03-Jul 16,854 10,002 117,972 41,268 208,014 150,616 10,728
04-Jul 70,824 13,656 189,186 118,634 74,538 143,180 55,392
05-Jul 109,158 28,476 175,410 473,598 132,884 8,988 147,426
08-Jul 85,028 31,800 62,796 471,308 80,402 4 5086 160,848
07-Jul 80,370 89,928 21,426 168,624 28,3286 4,548 85,320
08-Jul 35,064 47,208 26,484 127,642 B6,848 8,910 75,930
09-Jul 28,776 34,788 27,426 238,386 181,470 26,226 21,616
10-Jul 27,7132 1,200 7.728 15,080 235,826 61,716 20,210
11-Jul 15,606 4,162 4,314 98,124 58,632 63,354 10,938
12-Jul 13,386 4,812 2,534 76,028 10,236 16,654 41,064
13-Jul 9,864 13,678 3.380 18,870 7,740 5,574 20,082
T4-Jui 4,248 18,174 2,232 11,244 10,222 4,362 5,970
15-Jul 2,490 4,636 1.842 5,486 7.770 2,676 2,658
16-Jul 4,434 888 1,452 12,836 10,656 3,012 8,154
17-Jul 4,176 3,756 1,020 7,080 8,150 2,180 9,912
18-Jul 1,856 2,798 1,404 6,366 13,728 2,880
18-Jul 738 1,002 900 1.740 10,820 2,880
20-Jul 1,008 630 324 2,736 8,474 966
21-Jul 492 452 402 2,730 2,634 708
22-Jul 378 372 168 1,452 2,412
23-Jul 284 198 624 1,362
24-Jul 138
25-Jul
26-Jul
27-Jul
28-Jul
29-Ju|
30-Jul
31-Jut
0T-Aug
02-Auy
03-Aug
04-Aug
05-Aug
Total 586,618 356.678 1,241,058 2,026,686 1,320,760 1,085,730 813,378
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Appendix A, 4. Naknek River historical daily escapement, 1958-1998,

-

Date 1979 1980 1881 1982 1983 1884 1885
18-Jun
20-Jun
21-Jun o 1,266 744 240
22-Jun 48 10,824 120 9,120
23-Jun 138 9,048 (4] 384 132 264
24-Jun 16,338 8,742 & 228 7,962 390
25-Jun 133,718 278 3,624 24 168 8,772 78
26-Jun 98,424 20,940 4,122 18 24,042 18,990 8
27-Jun 106,122 180,084 28,874 798 70,614 22,866 188,064
28-Jun 133,692 243,312 44,184 4,800 78,950 131,684 226,116
29-Jun 45,894 438,456 65,946 43,440 86,148 168,778 60,624
30-Jun 14,550 434,958 290,700 248,114 55,164 46,884 68,364
o1-Jul 55,596 259,134 15,840 33,618 40,680 48,248 54,180
Q2-Jul 89,048 120,228 103,932 7.038 23,568 51,438 85,484
03-Jul 17.088 226,868 275,280 20,840 33,582 105,684 43,230
04-ful 30,624 228,558 203,700 214,350 27,390 215,666 11,1986
08-Jul 33,972 17,064 25,458 117,498 27,612 138,918 64,122
06-Jui 56,202 54,876 15,824 465,746 32,784 21,612 48,180
07-Jul 40,512 110,370 13,800 50,442 86,420 38,658 192,564
08-Jul 12,330 44,784 326,970 83,070 29,202 87,714 351,798
09-Jul 6,870 21,848 291,072 74,010 33,048 14,958 153,492
10-Jul 3,648 28,532 10,620 34578 22,362 9,786 12,084
T1-Jul 8,838 234,596 11,730 5,616 83,070 19,800 9,192
12-Jul 7,092 87,978 4,902 8,156 41,982 65,878 32,442
13-Jul 5,244 37,110 3,658 3,348 27,282 10,086 26,190
T4-Jul 4,050 13,062 11,678 2,760 30,114 5,010 57,380
15-Jul 2,244 20,068 4,184 10,770 5,872 4,542 28,076
16-Jui 1,698 11,622 3,378 6,694 2,238 4,560 22,194
17-Jul 8,450 3,144 83,004 €984 3,282 13,874
18-Jui 5,664 3,714 19,452 20,796 1,296 14,670
19-Jui 5,166 11,790 806 18,048
20-Jul 8,016 4,230 20,288
21-Jul 2,592 2,274 43,224
22-Jul 9,096 7,008
23-Jul 1,686 4,746
24-Jul 1,332
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jui
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
0&-Aug
Total 923,976 2,644,686 1,7954992 1,155,510 888,078 1,242,150 1,849,988
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Appendix A. 4. Naknek River historical daily escapement, 1958-1999.
Date 1986 1987 1988 19889 1980 1991 1982
19.-Jdun
20-Jun
271-Jun 0 1,230
22-Jun 60 840 1,158 1,794
23-Jun 24 24 252 972 8,126 588 2,586
24-Jun 480 0 1,082 7.902 2,190 792 8,904
25-Jun 830 0 15,492 28,800 3,762 96 12,510
26-Jun 30 ) 9,564 36,534 69,396 104,316 43,200
27-Jun 6 216 39,540 6,030 17,486 102,676 109140
28-Jun 906 188 8,718 66,308 27,606 113,226 8082
29-Jun 14172 24 8,528 226,428 148,736 326,316 12612
30-Jun 1,566 30,660 87,272 68,184 146,694 504,216 49128
01-Jul 414 265,752 140,568 72,564 137.100 669,858 10476
02-Jul 379,374 59,190 47,688 185,618 285,234 517,218 69774
03-Jul 382, 494 15,024 120,600 121,878 75,528 295,124 365112
04-Jul 72,048 13,980 56,448 31,716 168,478 244,176 242454
05-Jui 40,686 33,800 24 906 27,492 108,486 30,366 1356842
o8-Jul 16,110 121,608 14,988 47,520 174,054 8,274 418988
07-Jul 38,184 183,326 31,808 26,808 113,286 8,220 21624
08-Jul 134,964 104,520 71,262 28,584 45,426 12172 11166
09-Jul 299,262 86,442 111,812 18,258 34,362 132,282 12138
10-Jul 332,088 8,888 134,048 5,172 58,086 73,836 57594
T1-Jul 56,034 45,720 23,280 17.618 91,866 25,224 128148
12-Jul 47,430 26,682 21.686 14,292 79,524 25,398 91494
13-Jul 15,348 10,860 28,170 22,020 54,324 16,050 65138
T4-Jul 13,800 7.418 21,720 14,310 34,152 39,258 56784
15-Jul 8,508 5010 6,696 48,120 26,304 151,968 10866
18-Jul 57,418 2,328 20,232 9,804 38,846 18,012 10650
17-Jul 48,564 1,082 5,202 5,148 36,8678 28,032 7140
18-Jui 4,971 503 2,286 6,658 22,470 27,102 bgoz
19-Jut 1,839 6,000 1,764 4,836 17,280 10,820 5094
20-Jul 2,543 12,882 990 1,674 20,934 26,2566 5172
21-Jul 2,970 5,243 17,010 41,844 2538
22-Jui 1,850 3,580 14,064 24 762
23-Jul 825 18,836
24-Jul 1,188 9,486
25-Jul 858
26-Jul 264
27-Jul
28-Jul
29-Jul
30-Jul
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
Total 1,877,645 1,061,806 1,037,244 1.161 S84 2,082,578 3,578,548 1,607,970
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Appendix A. 4, Naknek River historical daily escapement, 1958-1999,

Date 1993 1994 1995 1996 1897 1898 1999
19-Jun
20-Jun
21-Jun 22,224 54 0 30
22-Jun 4,728 1,110 1,158 744 1,082
23-Jun 3,386 132 1,284 23,258 2,220 98
24-Jun 15,972 &00 1,416 31,350 8,202 1,482 2,724
25-Jun 93,438 3,246 130,218 56,742 13,044 9,858 1.374
28-Jun 86,598 1,698 66,198 18,572 18,812 8,638 564
27-Jun 65682 1596 25,8868 23,658 6,996 10,848 4,122
28-Jun 46548 860 11,592 6,990 4,092 11,5692 4,836
29-Jun 11478 1644 42,264 105,000 3,384 9,548 104,754
30~Jun 25104 7338 37,572 43,110 16,5618 14,904 147,664
071-Jul 10518 16568 12,402 41,418 33,990 12,426 92,658
02-Jul 14274 89922 26,394 23,784 17,676 125,016 118,254
03-Jul 131280 188568 9,858 157,782 25,482 112,272 71,046
04-Jul 433860 61512 32,166 40,638 70,116 131,004 172,548
08-Jul 150006 373688 142,962 12,720 75,358 147,930 205,380
06-Jui 27960 68176 83,872 40,842 129,938 60,834 26,000
07-Jul 64488 40092 25,814 83,100 80,582 109,308 26,982
08-Jul 82314 113640 156,126 158.874 112,380 74,626 10,686
08-Jul 39594 53082 23,688 22,644 152,888 111,630 19,968
10-Jul 50436 43278 10,8%4 16,350 52,878 93,306 38,698
11-Jul 48842 30180 48,740 13,314 9,270 18,150 71,718
12-dul 3000 44736 §8,088 22,398 57,078 28,476 114,380
13-Jul 18558 17670 23,040 13,194 54,066 37,758 52,380
14-Jul 6132 17880 4,776 8,238 15,468 11,682 41,668
15-Jul 6218 23196 23,172 30,642 28,632 5,730 107,958
16-Jui 23454 30714 8,318 9,942 11,394 28,002 80,1086
17-Juf 7212 38672 50,232 17,644 6,768 7,320 18,726
18-Jul 21294 44376 5,922 32,868 5,832 6,858 8,882
19-Jul 3336 11780 8,010 12,084 13,080 14,178
20-Jul 5232 2868 6,984 8,270
21-Jul 3174 8454 13,734
22-Jul 1808
23-Jul
24-Jul
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul
31-Jul
O1-Aug
02-Aug
03-Aug
04-Aug
05-Aug
Total 1,537,661 982,804 1,113,135 1,080,094 1,027,881 1,204,170 1,627,363
Page 6 of 6
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Appendix A.5. Nuyakuk River historical daily escapement, 1959-1999.

Date 1959 1880 1961 1962 1963 1964 1965 1966
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
1-dul
2-Jui
3-Jul 390
4-Jul 1.140
5-Jul 498 1,788 35
6-Jul 492 2,862 156
7-Jul 2,442 144 1,898 242 2,184 174
8-Jul 3,363 594 9,182 2,148 870 102 158 12
9-Jul 3,213 888 10,698 1,740 23,490 384 18 120
10-Jul 5,627 1,848 7,044 1,752 47,016 2,316 30 210
T1-Jdul 6,321 8,430 6,864 6,582 40,116 3,864 43 318
12-Jui 3,697 37,290 3,462 7,098 17,472 8,754 960 402
13-Jul 3,849 38,952 2,544 5,844 7,398 7,968 b,286 546
14-Jul 2,526 28,830 5,508 3,600 3,786 16,806 29,180 2,280
15-Jul 2,208 12,330 6,150 3,372 8,488 27,438 44,688 44,858
168-Jul 1,656 4,896 4,980 1,866 2,940 22,512 30,366 438,702
17-Jui 930 5,328 6,642 834 1,666 6,588 18,210 25,278
18-Jul 384 3,636 b,9z22 996 1,118 1,440 22,650 10,914
19-Jul 399 1,488 3,840 414 588 912 15,930 9,060
20-Jul 1,533 300 2,088 324 738 768 8,700 7,656
21-Jul 1,485 156 758 120 810 762 8,060 4,458
22-Jul 1,344 78 426 42 222 288 3.486 2,408
23-Jul 1,371 18 372 42 252 108 2,460 1,284
24-Jul 1,326 0 354 18 66 48 2,018 1,028
25-Jul 675 4] 222 24 126 108 2.484 432
26-Jul 639 8 162 24 80 210 1,464 182
27-Jul 411 8 114 12 132 318 1,830 48
28-Jul 381 12 150 12 114 192 894 78
29-Jul 411 38 138 18 102 168 1,080 60
30-Jul 249 0 68 8 54 84 708 80
31-Jul 291 12 66 12 12 180 1,002 30
1-Aug 324 18 84 ] 78 822 102
2-Aug 354 36 48 12 12 384 B4
3-Aug 225 ] 0 96 300 36
4-Aug 117 & 5] 102 234 72
S5-Aug o6 0 -] 60 192 8
B-Aug 114 4] ¢} a6 288 30
7-Aug 0 8 72 306 60
8-Aug ] 0 66 482 42
9-Aug 12 0 132 80
10-Aug 38 0 84 54
11-Aug 30 0 108 66
12-Aug 4] 0
13-Aug 6 12
14-Aug 78
Total 48 861 145,500 79,788 37,880 166,608 103,224 203,070 161,010
Page 1 of 5
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Appendix A.5. Nuyakuk River historical daily escapement, 1959-1999,

Date 1967 1968 1969 1870 1971 1972 1973 1874
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun o) 30 0 0
30-Jun 0 624 ¢ 0 Q
1-Jul 36 4568 4] o] 0 108
2-Jul 180 1,328 4] 0 0 180
3-Jul 252 3,192 0 0 Q 1,350
4-Jul 516 5,196 (8] Q c 12,714
B-Jul 240 4,176 0 0 0 22,860
6-Jul 390 5,778 6 0 0 19,338
7-Jul 1,074 5,004 12 4 0 102 17,802
8-Jui 1,302 7,062 96 102 12 702 19,080
g-Jul 3,498 12,126 1,020 1,254 18 0 1,806 21,024
10-Jul 4,776 15,162 5,058 8,808 18 12 930 15,402
11-Jut 2,226 11,070 11,304 18,5388 168 18 1,350 9,098
12-Jdul 1.248 6,990 14,982 32,626 425 42 5,802 4,206
13jb'ul 1,452 4,704 13,926 103,770 642 126 11,292 1,944
14-Jul 1,020 2,838 7.488 62,898 1,272 1,308 17,808 934
15-Jui 532 3,462 3,078 46,044 3,366 1,722 17,148 1,092
16-Jul 252 3,180 3,438 27,818 13,728 2,532 10,170 1,146
17-Jul 300 1.788 2,400 15,834 18,744 8,558 8,586 930
18-Jul 282 816 1,554 14,052 7,740 3,528 10,044 848
19-Jul 180 528 1,086 12,054 13,464 2,786 8,820 498
20-Jul 114 192 1,468 5,898 30,546 3,378 6,432 336
27T-dul 132 174 1,060 3,198 22,950 2,004 4,862 360
22-Jul 126 264 612 3,294 27,930 1,014 1,824 384
23-Jul 72 168 720 2,688 20,412 2966 b46 288
24-Jul 78 474 1,212 16,146 680 420 330
25-Jul 72 b4 912 16,248 420 516 384
26-Jul 60 12 888 8,268 324 288 210
27-Jul 60 792 6,570 360 210 258
28-Jul 48 402 5,484 162 168 252
29-Jul 18 294 3,168 156 192 108
30-Jul 4] 270 2,640 20 108 216
31-Jul 288 1,398 54 102
1-Aug 192 786 48 210
2-Aug 294 774 18 162
3-Aug 108 846 108 48
4-Aug 188 474 144 60
5-Aug 126 126 42 114
8-Aug 72 24 120
7-Aug 72
8-Aug
9-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
Total 20,250 96,642 69,828 364,648 224,352 28,598 110,018 154,614
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Appendix A.5. Nuyakuk River historical daily escapement, 1959-1998.

Date 18756 1976 1877 1978 1979 1980 1981
23-Jun
24-Jun
25-Jun 0
26-Jun o
27-Jun 702
28-Jun 800
29-Jun o] 3,966 1,762
30-Jun 0 5,520 168 2,214
1-Jul o 0 Q 7,806 3,510 o] 2,406
2-Jul Q 0 o 3,768 24,4892 o 1,068
3-Jul 0 0 0 20,574 46,746 0 2,346
4-Jul 0 o 0 67,746 26,124 o0 5,982
5-Jul o 4] & 59,658 12,006 12,128 36,018
6-Jul 0 336 0 47,616 49,326 69,708 31,146
7-Jul 4] 20 (o] 51,558 55,206 150,840 36,732
8-Jul 288 276 36 68,512 38,208 153,810 79,860
9-Jul 1,608 1,740 540 64,158 17,340 200,228 118,062
10-Jul 2,736 18,186 43,344 43,584 11,448 253,344 126,396
11-Jul 2,018 44,430 45,432 48,102 33,198 214,602 496,288
12-Jul 73,860 39,780 30,432 21,300 21.660 293,694 91,848
13-Jul 153,084 33,684 17,498 16,812 9,486 182,532 58,316
14-Jdul 129,468 25,710 14,088 14,370 3,084 231,180 43,002
15-Jul 36,666 42,468 8,670 12,828 2,334 200,340 32,588
18-Jul 35,310 50,298 7,890 8,154 2,318 239,814 25,146
17-Jul 64,650 48,296 8.178 5,736 2,400 210,690 13,500
18-Jul 43,722 44514 8,442 2,280 1,068 183,822 7.818
19-Jul 71,694 22,818 6,888 3,660 152,928 6,168
20-Jul 25,800 11,004 7.212 1,986 126,690 5,244
21-Jdul 10,176 4,756 4,704 1,386 86,400 5,928
22-Jul 6,156 6,846 2,196 1,140 34,386 3,600
23-Jul 5,634 12,252 696 960 15,792 1.176
24-Jul 4,410 4,500 2,352 840 8,334
25-Jul 1,632 2,208 1,672 606 2,388
28-Jul 822 1,176 2,256 8446 1.128
27-Jul 186 924 1.656 282 428
28-Jul 738 2,106 264 ' 366
29-Jul 690 3,168 228 378
30-Jul 756 1,416 282 552
31-~Jul 624 2,412 138
1-Aug 690 2,700
2-Aug 6594 1,482
3-Aug 756 1,758
4-Aug 846 1,752
B-Aug 174 1,366
8-Aug 270
F-Aug
8-Aug
9-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug

Total 669,218 425,220 232,664 576,666 360,120 3,026,568 834,204
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Appendix A.5. Nuyakuk River historical daily escapement, 1959-1999.

Date 1982 1983 1884 1985 1986 1887 1988 1989-94
23-Jun
24-Jun
25-Jun
28-Jun
27-Jun PROJECT
28-Jun Q NOT
29-Jun 600 4] OPERATED
30-Jun 4} 1,896 )
1-Jul 0 18,854 0 0 7,362
2-Jul 22,920 56,100 0 o] 19,926
3-Jul 27,078 17.130 0 96 13,080
4-Jul o] 17,046 8,568 0 270 8,844
B-Jul 1,812 12,054 28,542 5,322 342 3,996
G-Jdul 44,958 7,026 53,040 35,040 198 1,854
7-Jul 85,798 22,212 44,064 51,264 174 5,520
8-Jul 62,280 68,474 31,014 47,310 1,656 18,858
9-Jul 73,410 54 482 33,858 32,282 13,518 11,028 29,736
10-Jul 71,610 41,346 45,336 26,6804 3b,532 16,938 26,976
11-dul 76,058 21,462 31,872 14,004 41,766 11,244 11,882
12-Jul 47,190 13,056 30,676 33,354 40,938 7,074 12,114
13-Jul 31,830 4,698 24,336 33,156 50,688 14,826 28,614
14-Jul 18,234 3,972 15,888 16,446 78,164 5,250 34,802
15-Jul 11,688 2,154 11,202 8,766 78,980 1,678 35,154
16-Jdul 9,564 930 8,408 7,982 67,938 1,620 40,008
17-Jul 8,648 522 3,518 5,322 97,860 204 13,464
18-Jul 4,476 648 1,968 11,598 101,052 3,234
19-Jul 2,706 b46 702 28,910 79,194 2,052
20-Jul 2,154 540 22,302 48,146 1,944
21-Jul 1,008 1,410 23,178 35,922 782
22-Jul 852 1,098 8,100 20,604
23-Jul 1,464 648 3,738 32,880
24-Jul 1,182 576 4,608
25-Jul 522 768 4,560
26-4ul 468 738 2,662
27-Jdul 368 636 1,886
28-Jul 326 546 1,482
29-Jui 288 180 836
30-Jul 84 102 480
31-Jul 84
1-Aug
2-Aug
3-Aug
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
8-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
Total 537,864 318,606 472,696 428,162 821,898 69,782 319,992
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Appendix A.5. Nuyakuk River historical daily escapement, 1953-1999.

Date 1995 1996 1987 1993 1999
23-Jun
24-Jun
25-Jun
286-Jun
27-Jun
28-Jun
29-Juns
30-Jun 9,818
T-Jul 10,878
2=-Jul 570 4,752 8,665 a0
3-Jut 1,800 8,682 10,146 210
4-Jul 4,530 9,576 14,460 732 50
5-Jul 8,346 8,004 17,172 2,062 420
6-Jul 5,988 8,220 16,080 3.834 4,086
7-Jul 1,986 10,212 25,764 4,208 8,654
8-Jul 1,842 10,674 21,990 7,890 15,108
9-Jul 2,268 18,3986 12,648 21,168 10,242
10-Jul 2,368 33,396 10,206 29,496 10,578
11-dul 3,012 25,994 7,362 20,112 10,134
12-Jul 8,478 12,732 7,392 22,508 7,020
13-Jul 10,200 11,442 8,454 11,658 4,560
14-Jul 6,306 9,414 8,628 8,028 948
16-Jul 2,628 15,534 10,074 4,512 1,248
16-Jul 2,574 10,026 15,102 2,178 1,484
17-Jul 1,826 4,236 12,084 1.802 1,950
18-Jul 948 4,568 8,860 1,818 1,560
19-Jul 1,110 3,564 7.656 1,044 786
20-Jul 708 6,660 8,016 812 456
21-Jul 330 4,398 5,034 1,200 482
22-Jul 744 3.624 5,436 840
23-duyl 666 3,936 3,306 832
24-Jul 384 3,248 1,392 594
25-Jul 5,178 1,440 390
26-Jul 4,392 3,018 554
27-Jul 4,938
28-Jul
29-Jul
30-Jul
31-Jul
T1-Aug
2-Aug
3-Aug
4-Aug
B-Aug
8-Aug
7-Aug
2-Aug
9-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug

Total 69,702 250,692 272,982 146,250 81,006

Page 5 of B

92



Appendix A.8. Togiak River historical daily escapement, 1960-1999.

Date 18980 1981 1962 THE3 1964 1965 1866 1987 1968
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
Q1-Jul
02-Jul 258
03-Jul o 204
04-Jul 42 =3 0 1,980
05-Jul B4 &4 & 288 1,244
08-Jul 0 158 24 68 2,580 1518
Q7-Jui 876 g8 120 [+] 84 2,862 1,758
02-Jul 0 1,050 482 1,164 30 120 1,476 2,028
0a-Jul 218 3,348 1,026 2,220 42 264 282 864 1,710
10-Jud 3,738 4,818 a7a 4,914 1,338 1,224 138 1,008 1,158
11-Jdul 4,875 4,194 Z A48 10,206 1,338 3,720 288 684 1,620
12-Jdul 6,234 3,698 3,486 12,582 3,120 8,378 218 1,470 3,654
13-Jul 7,728 3,294 5,334 4 554 1,802 2,382 282 2,280 1418
14-Jul 8,739 4,374 3,720 5,376 3,534 4,188 1,140 3,942 3,006
15~Jul 7.281 5,738 3,240 3,702 4,818 2,780 4,478 4542 1,388
18-Jul 7,680 8,182 2,478 1,266 3,822 4 572 8,398 2,262 1,254
17-dJul 6,852 4,176 2,568 3,630 1,068 2,442 9,728 2,142 2,028
18-Jut 5,190 3,078 2,754 3,872 2,498 1,886 5,060 2424 1,602
19-Jul 7,050 3,942 2,868 3474 3,078 1,268 5,262 2,958 1,074
20-Jul 6,368 6,126 248 5,066 2,138 3,096 8,258 3,048 488
21-Jul 5,862 5,874 510 3,180 2,448 §,342 7,082 2,502 774
22-Jul 8,112 3,084 204 1,998 4770 5,004 7,066 5,172 822
23-Jul 5,348 2,328 1,280 2,460 9,210 5,730 4,338 4,332 228
24-Jul 5,190 1,164 942 2,874 7,998 4,122 3,804 4,488 1.020
285~-Jut 4,680 1,368 414 3,812 3,702 1.494 2,180 5,034 1,080
28-Jul 2,598 1,888 546 3,822 2,922 2,940 3,048 4512 360
27-Jul 3,672 2,208 1,628 1. 788 2,394 2,730 2,160 3,594 876
28-Jul 4,422 2,870 1,092 1,028 1,980 2,495 2,870 2,128 360
29-Jul 5,510 4,098 1,470 1,868 1,704 3,474 1,938 1,242 540
30-Jul §,004 2,484 728 854 4,824 2,388 1,230 450 444
31-Jul 3,378 1,662 144 4,386 4,428 1,878 1,044 180 354
01-Aug 1,808 1,380 432 4,104 3,252 1,222 942 108 720
02-Aug 3,522 966 324 2,328 3,804 1.272 1,098 54 702
03-Aug 5,418 2,168 -1:7.3 1,788 1,868 1,554 570 - 1-] 342
04-Aug 5,244 1,885 708 1.074 2,292 654 1,028 0 372
0S-Aug 5,070 1,134 386 630 1,416 882 1,638 522
08-Aug 4,926 1,638 72 264 1,628 1,344 2942 80
07-Aug 4,710 786 384 102 1,374 BO4 708 312
08-Aug 3,300 282 338 43 948 a#8e 180 482
09-Aug 2,088 504 384 54 1,164 594 204 108
10-Aug 1,878 144 240 284 g58 978 102 B84
11-Aug 1,320 253 510 126 456 B4G 168 486
12-Aug 182 218 0 540 492 138 162
13-Aug 222 378 [+] 366 488 42 168
14-Aug 120 0 252 342 120
15-Aug 34 278 366 T2
16-Aug Q 228 618 24
17-Aug 12 98 432
18-Aug 438
19-Aug 482
20-Aug 156
Tatal 162,810 85,454 47,352 102,396 85,574 BE,4886 91,098 69,330 42,918
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Appendix A.6. Togiak River historical daily escapement, 1960-1999,

Date 1969 1970 1871 1972 1873 1974 1875 1878 1977 1878

28-Jun

27-Jun B0
28-Jun 510
28-Jun 8,930
30-Jun g,328
o1-Jul B 608 v} o 3,126
O2-Juk 162 ] 2,526 Q ] 0 3,228
03-Jut 210 a 1,236 0 o 0 5,640
Od-Jul 2,586 24 242 o} Q 54 8,648
05-Jul 0 §,930 €0 1,830 [+ a 150 14,848
Of-Jul 2,180 5,166 B 54 1,068 a Q 804 7,988
C7-Jut 854 4,128 12 8 &0 7,344 Q 20 6,858 7.260
08-Jul 804 11,400 L] 36 2,852 5,022 18 42 4,828 5,742
08-Sul 5,352 11,484 a 24 4,500 3,144 330 570 5,480 9,132
10-Jul 8,100 7.824 Q 24 3,600 4,178 782 4,218 8,678 8,658
11-Jul 8,844 7332 42 ] 4,968 6,180 5,888 5,484 8,412 12,594
12-Jul 5,916 5,772 120 80 5,100 4,428 12,420 5322 11,550 19,602
13-Jul 4,242 2,316 a8 78 5,340 3,726 6,768 6,480 11,082 19,254
14-~Jul 3,120 4,278 i8 B84 5,588 2,706 9,948 7,554 10,650 15,702
15-Jul 1,830 10,184 4,986 4,212 4,176 1,814 12,618 8,724 8,142 11,664
T6-Jut 2,412 2,698 4,388 3,726 5,324 2,094 20,670 11,3234 2,882 10,428
17-Jul £,582 10,968 9,408 1,128 5,258 3,458 11,790 10,520 2,754 B,946
18-Jul 5,718 2,370 8,558 4,238 5,898 2,310 17,988 8,280 2,760 7178
19-Jul 4,392 5,964 7,028 4,554 7,530 2,712 5,584 7,928 5,160 11,574
20-Jul 2,878 5,432 12,660 3,852 5,700 B, 702 10,128 7,050 6 804 2,836
27-Jul 2,856 5,280 8,555 4,428 5,388 4,578 7.500 2,480 8,744 8,328
22-Jul 1,332 4,554 8,622 4,770 2,884 3,246 B, 376 7566 4458 6,072
23-Jul 2,234 4,508 17,232 8,858 2,378 3,890 8,126 8,872 2,828 3,810
24-Jul 2,888 5,322 16,140 §5870 1,938 2,288 5,364 9,488 2178 2,682
25-Jul 1,176 5,670 9,756 8,414 1,326 2,718 5,030 5,574 1,770 2,724
26-Jul 2,340 23,080 8,178 6,078 2,508 1,808 2,712 4,280 1,374 3534
27-Jul 1,536 5,240 14,928 7,032 2,318 324 3,085 2,754 1,848 4,008
28-Ju) 3,246 3,378 11,946 2,820 1,560 (2E88) 1,704 3,084 2,280 7,272
29-40 1,518 3,306 7.734 3,068 1,062 482 2,282 4,506 1,020 6,158
30-Jul 2,778 3,378 6516 1,820 1,752 (366) 1,410 7.272 2438 2,528
37-Jul 2,754 3.024 5,430 1,104 1,464 (192) 1,262 2,604 2,816 3,282

O1-Aug 2,276 1,768 3,186 876 708 428 462 3,522 2,084 2,250

02-Aug 2,628 2,274 2,304 364 642 198 Tad 2,340 1,668 2,358

03-Aug 3,546 2,708 2,888 48 1,050 80 398 1,644 2,502 a72

04-Aug 2,340 2,810 2,454 {6} 348 320 2,154 162

05-Aug 1,644 1,820 3,414 28 72 4g8

06-Aug 1,248 2,136 2,286

OF-Aug S8s 672 2,370

O8-Awgy 1,200 2304 2,316

09-Aug 582 1,170 2,154

10-Aug 1,320 1,020 2,082

11-Aug 536 a4 1,794

T12-Aug 432 738 1,548

13-Aug 102 878 1,674

14-Aug 36 708 1,820

18-Aug 350 1,542 -
18-Aug 210 1,482

17-Aug 228 798

18-Auy 12 32

19-Aug

20-Aug

Totat 109,266 182,096 190,842 74,070 95,730 82,882 160,862 158,190 133,734 273,576
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Appendix A.8. Togiak River historical daily escapement, 1960-71999.

Date 1879 1880 1281 18982 1983 1984 1886 1986 19887 1988

25-Jun 36 0

27-Jun 0 o [v]

28-Jun 86 12 0 a2} 42 0

28-Jun 708 o o s} 444 v}

30-Jun 488 Q 0 12 806 3498 a

0F-du 2,484 [s] ] 1682 2,384 872 0 2,070
02-Jul B804 o 4] 18 4 3868 630 0 0 2,456
03-Jul 2,904 G486 0 108 2,964 248 o] 4] 4,938
04-Jul 2,700 2,852 786 248 1,452 792 ] 72 4,248
05-Jut 6,942 9,836 584 1,066 2,574 1,674 8 348 5,826
06-Jul 5,952 15,294 1,776 2,124 5,138 1,026 42 72 0 16,404
07-4ul 2,454 23,352 3,276 4,688 5,054 3,186 18 198 1,920 29,400
Q8-Jut 3,522 11,068 8,376 7,782 5,488 1,824 54 378 9,080 21,988
G2-Jut 2,578 10,998 12,756 10,602 5,076 2,248 144 714 8,202 13,038
10-Jul 5,888 8,420 9,342 9,890 5,178 2,888 432 858 7,548 8,072
11-Jul 9,312 17,742 8,456 7,500 5,364 3,548 3,954 2,028 7,358 7,386
12-Jul 11,556 26,238 6,080 10,482 8,828 E.450 5,178 678 7,404 8,784
13-Jul 8,824 25,862 4,338 2,750 14,856 6,428 S,646 1,458 9,546 14,424
14-Jui 4,242 26,442 5,010 13,320 17,274 5,064 6,198 1,902 12,294 17,048
15-Jui 3,852 31,8086 5,202 17,226 10,662 4,470 4,382 4,488 14,844 7932
16-4ul 3,330 30,894 7,824 12,246 8,874 2,668 3,384 5,778 12,492 11,550
17-Jul 9,0Q0 38,754 13,044 8558 5,828 3,098 4,254 8,948 7.484 8,984
18-Jdul 11,376 28,872 12,378 3,402 3,384 4,248 5.988 10,374 8,070 8,608
19-Jul 13,350 39,180 7,920 5,340 6.548 5,832 4,524 5,130 7422 10,728
20-Jul 9,284 21,558 6,018 5,810 7,422 3,822 8,018 4,512 10,768 16,658
21-Jut 4,860 20574 7,374 8,270 5,380 3,552 5,042 5,820 17,682 10,784
22-Jul 3,978 25,272 7.038 9,792 5,256 2,142 7,578 7,074 13,832 5,858
23-Jul 2,798 14,658 8,358 10,236 3,204 1,820 5,820 5,558 16,594 7578
24-Jul 2,088 10,548 8,100 5418 1,578 1,122 8,232 10,428 9,948 8,474
25-Jul 2,706 11,858 7,872 3,546 2,022 2,244 2,408 8,036 4,718 2,874
26-Jut 4,566 2,700 10,080 3918 4,326 2,088 10,710 8,700 4,362 86,996
27-Jul 5,658 2,472 7,704 4,928 3,528 4,238 §,288 8,254 4,020 3,816
28-Jul 5,322 2,100 5,418 E.316 3,492 2,448 £,942 5,228 4,692 3,468
29-Jul 3,720 882 7,854 5,370 2,500 2,592 8,414 5,280 7,788 2,568
30-Jul 3,072 300 65,048 7,242 5,220 1,002 4,614 7,838 12,780 1.458
S1-Ju 3,870 5,928 8,580 3,492 884 3,798 8,408 8,142 782

O T-Aug 3,168 8,780 10,242 4,374 1,164 3.6860 9,456 4,164 636

02-Aug 4,416 2,852 6,228 4,422 1,032 2,468 8,394 3,828

03-Aug 584 2,040 5,844 4,502 728 1,356 7,080 2,348

04-Aug 2,112 4,308 4,224 1,236 822 5,378 1,584

05-Aug 1,178 3,360 2,592 1,236 450 5,430 2,754

0&-Aug 3,428 1,208 600 612 4,208 5,040

07-Aug 2,730 342 1,380 26 1,524 1.272

08-Aug 2,278 680 1,686 1,068

09-Aug 2,328 1554 1,002

10-Aug 1,748 114 824

171-Aug 812 710

12-Aug

13-Aug

14-Augy

15-Aug

18-Aug

17-Aug

18-Aug

19-Aug

20-Augy

Total 171,138 461,850 208,080 244,724 191,520 95,448 136,542 168,384 248,678 276,612
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Appendix A.8. Togiak River historical daily escapement, 19560-1989,

Date 19889 1830 1981 1882 1993 1984 1285 1998 1987 1288

28-Jun

27-Jun

28-Jun 12
29-Jun 35 ]
30-Jun 4,443 0
01-Jul o] 5,432 0
02-Jul 36 5,334 0 o
03-Jul 72 84 12 o} E,472 780 1,344 54 2]
C4-Jul 72 1,082 286 1,002 3,714 1,280 2,208 342 o
05-Jul 78 2.142 4,206 810 3,840 3,966 2,310 264 o
Q6-Jul 252 BE2 7,630 1,800 1,880 3,384 1,218 354 12
C7-Jul 1,794 516 7512 4,128 3,534 182 3,630 702 30 186
08-Jul 2,480 1,206 4,658 10,386 3,204 558 1,880 858 54 i2
08-Ju 3,828 1,980 1,124 9,080 5,604 843 32,680 804 188 30
10-Jul 2,730 2,220 16,914 6,120 5,232 144 5,108 1,938 366 o
T1-Jul 3,210 4,344 18,876 5,040 8,420 672 8,606 4,826 208 308
12-Ju) 5,648 4,770 8,980 4,182 5,106 1,660 i2,282 8,248 750 4,914
13-Jut 4,888 5424 7,578 3,852 14,814 3,308 11,088 3,468 1,386 1,410
14-Jut 2,604 3,384 6,180 4,584 16,372 5,420 7,344 8,138 6,908 1,170
15-Jul 1,452 1,382 7,800 12,480 14,138 7,858 4,434 6,258 4,866 4,446
16-Jul 1,560 32414 18,314 21,474 7,586 4,884 4,574 7.128 4£,542 8,370
17-Jul 828 4,164 14,3924 12,9686 5,108 5,018 3,642 814 4,482 5,712
18-Jut 2,148 5,328 16,434 §,070 4,188 3,702 5,574 7,088 23,480 3,510
18-Jul 2,406 4,122 12,774 5,298 2,364 2,544 16,848 7,860 4,008 3,678
20-Jul 2,840 5,118 9,000 3,800 2,226 5,736 18,838 5,844 4,674 5,100
21-Jut 4,326 4,728 6,786 4,710 4,986 10,688 19,716 §,330 2,712 4,898
22-Jul 5,234 4,898 6,630 8,724 5,766 8,538 12,756 7,236 5,364 6,766
23-Jud 5,328 5,244 5,790 14,124 4,470 5,826 5,832 12,720 6,300 11,268
24-Jul 5,588 4,824 4,014 9,804 2,878 3,024 4,476 11,0486 8,228 2,174
25-Jul 3,360 3,414 6,114 8,432 2,054 4,464 3,024 13,842 8,742 6,378
26-Jul 3,686 &,660 3,366 3,660 3,072 5,210 2,828 9,204 4,902 8,780
27-Jul 4,208 2,832 1,884 2,724 3,264 8,754 2,228 7,224 5,568 5,400
28-Jul 1,282 4,284 480 3,000 5,188 18,702 2,736 6,858 5,882 8,100
28-Jul 2,148 €6,282 3,608 4,302 3,408 8,826 1,176 3,126 5,874 7,866
30-Jul 1,650 3,642 5,454 6,678 2,832 5,880 2,250 3,768 6,386 8,016
31-3ul 848 3,708 10,062 4,390 1,388 4,722 1,518 1,668 8018 5,582

07-Aug 1,098 2,702 6,204 4,776 3,182 3,042 2,754 2,070 4,230 5,892

02-Aug 1,020 5,370 4,448 4,068 4,218 3,786 4,644 4,388 5,298

03-Aug 1,284 5,136 2,010 3,822 1,280 2,334 2,028 2,970 6,870

04-Aug 9390 . 4 056 3,204 2,082 1,008 2,742 2690 4,428 7344

05-Aug 438 2,118 2,834 3,240 1,008 4,802 828 2,780 2,676

06-Aug 458 3,084 3,828 5,558 510 3,128 4,868

07-Aug 270 2,046 6,481 3,088 324 1,338 3,054

08-Aug 1,620 2,436 872

089-Aug 2,204 1.118 726

10-Aug 2,833

11-Aug

12-Aug

13-Aug

14-Aug

18-Aug

18-Aug

17-Aug

18-Aug

18-Aug

20-Aug

Total 84,480 141,977 264683 199,134 177,188 154,752 185,718 156,954 131,682 153,576
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Appendix A.6. Togiak River historical daily escapement, 1960-1999.

Date 1298
28-Jun
27-Jun
28-Jun
23-Jun
30-Jun
21-Jul
02-Jul
03-Jul
04-Jul
05-Jud 38
08-Jut 1,748
o7-Jul §,248
¢8-Jul 4,782
Q8-Jul 3,222
10-Jul 3,108
11-Jul 4,740
12-Jul 5,040
13-Jul 4,602
t4-Jul 3,762
16-Jul 2,580
16-Jul 2,598
17-dul 4,382
18-Jul 3,750
19-Jul 2,910
20-Jul 3,054
21-Jul 3,030
22-Jul 9,182
23-1u 6,864
24-Jul 2,858
25-Jul 4,088
28-Jul 8,012
27-Jul 18,354
28-Jul 19,374
29-Jul 13,122
30-Jul 6,174
31-Jul 3,378
Q1-Aug 3,402
D2-Aug 1,848
03-Aug 1,182
04-Aup 504
05-Aug
08-Aug
07-Aug
08-Aug
D9-Aug
10-Aug
11-Aug
T2-Aug
13-Aug
14-Aug
15-Aug
16-Aug
17-Aug
18-Aug
19-Aug
20-Aug
Total 15E, 898
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999,

Date 1967 1958 1868 1960 1961 1982 1983
20-Jun
21-Jun
22-Jun
23-Jun
24-Jdun
28-Jun
25-Jun
27-Jun
28-Jun
29-Jun
30-Jun
Q1-Jul 0
02-Jul 0
03-Ju) 0 Q 2,268
04-Jui 0 4,892 0 806
05-Jul 381 18,012 4] 80
06-Jul 0 28,614 0 1,110 18 o]
07-Jul 298 39,594 0 1,382 18 78
08-Jul 10 7,838 0 4] 2328 4,986 66
08-Jul 128 16,7286 2,535 0 9,174 20,460 18
10-Jul 8514 18,640 29,689 4] 5,108 9,488 18
11-Jul 5,754 20,228 25,846 30 1,660 6,966 12
12-Ju 2,994 16,728 20,648 45,672 3,744 6,280 30
13-Jul 12,528 11,202 12,338 200,282 1,980 1,464 a0
14-Jul 13,058 26,170 E,716 299,628 28,385 144 27,726
18-Jul 18,434 8712 2,712 220,122 97,302 18 181,038
16-Jut 19,771 10,740 19,869 59,250 39,788 133,980 30,804
17-Jul 33,420 11,994 b,743 ag.310 28,962 49,890 23,400
18-Jdul 28,908 8,774 11,277 261,470 24 (42 4,662 43,338
18-Jul 10,630 7.110 16,808 b(8,178 39,872 2,138 18,482
20-Jul 4,208 8,888 4 608 216,636 4,060 5,112 13,152
21-Jul 7.216 2,010 8,477 179,238 10,684 834 11,862
22-Jul 2,860 3,600 7.701 146,988 8,708 888 4,638
23-Jul 3,292 2,688 6,192 B3,258 10,410 294 1,880
24-Jul 2,880 1,820 7.707 8,628 5,668 480 4,380
26-Jul 8,394 1572 4,480 17.970 3,798 42 g822
26-Jul 6,988 788 4,984 5,582 230 1,740 1,194
27-Jul 1,088 1,608 5,508 B,214 726 548 3,048
28-Jul 1,730 1,478 1,863 7.148 824 228 7.254
29-Jul 4,482 1,164 1,719 1,842 830 878 6,488
30-Jui 443 1,674 2,213 8,702 1,314 300 1,082
31-dul 8,609 1,418 1,335 3,324 1,380 762 636
C1-Aug 2,184 2,364 2,002 3,012 940 188 78
02-Aug 1,158 B70 2,289 2,448 888 280 12
03-Aug 1,396 408 1,665 1,266 468 192 30
04-Aug 1,132 44 1,393 444 543 84 0
05-Aug B13 B16 1,621 1.564 163 174
06-Aug 832 B22 801 300 ao
07-Aug 1,884 E18 1,320 285
08-Aug 526 108 422 162
09-Aug 696
Total 214,802 279,540 218,223 2,294,200 348,868 265,426 388,254
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Appendix A.7. Ugashik River historical daily escapement, 1957-1998.

Date 18984 1865 1966 1987 1968 1969 1970 1871
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun 0
28-Jun 0 b4
29-Jun o 0 (o] 48 4] 0 0
30-Jun 0 v} 4] 38 0 1] 0
01-Jul 42 0 0 42 o 0 Q
02-Jul 102 0 Q 36 o] 0 0
03-Jul o 0 o 0 1,110 0 ] 0
04-Jul 0 ] 0 0 8,166 0 24 0
06-Jul 4] 0 0 4,962 218 0 24 o}
08-Jul o 78 0 44,652 2,486 o 20 0
07-Jul 0 12 0 41,148 5,478 0 54 0
08-Jul 0 5,010 0 17,016 6,038 1,638 0 0
09-Jul 114 §,990 0 13,998 8,888 288 30 Q
10-Jul o] 2,822 0 23,870 B,880 96 4,242 0
11-Jul ¢} 3,090 75,080 12,108 4,074 42 149,436 c
12-Jul 77,130 8,754 77,976 9,180 3,396 30 41,382 0]
13-Judl 71,100 3,008 25,580 5,148 1,812 24 24,488 12
T4-Jul 47,418 7,854 86,048 468 1,932 36,260 49,398 0
18-Jul 33,252 348,364 83412 188 1,602 97,382 80,114 0
1 8-Jul 41,448 146,832 28,950 372 1,266 7.074 94,038 12
17-dui 68,182 70,404 76,938 168 8,578 2,820 22,788 42,998
18-Jut 24,138 82,080 6,818 30,504 2,766 3,288 69,450 195,816
19-Jul 8,968 34,214 248 22,242 1,672 1,802 81,866 24,284
20-Jul 45 876 80,444 35,118 3,372 1,272 2,298 69,306 18,780
21-Jul 20,334 683,750 148,296 2,168 878 1,344 12,240 41,928
22-Jul 4,478 80,1860 42,160 2,644 624 1,838 -2,738 24,036
23-Jul 3,084 109,448 3,450 978 480 2,964 2,748 29,382
24-Jul 2,142 67,440 2,310 1,182 278 E34 2,688 10,830
258-Jul 3,720 32,232 1,898 1,002 368 458 4,338 22,386
26-Jul 5,784 29,948 1,404 568 284 144 2,214 31,820
27-Jul 2,948 46,326 1,660 300 312 252 2,262 11,818
28-Jul 2,592 69,634 1,484 284 242 264 1,518 3,640
29-Ju! 1,280 44,262 1,668 228 474 402 870 25,586
30-Jul 1.6586 14,844 380 1650 558 192 1,484 12,288
31-Jul 2,832 5,682 482 174 282 68 972 2,940
01-Aug 1,618 3,366 1,564 80 132 84 1,134 2,028
02-Aug 1,818
03-Aug 842
04-Aug 1,672
056-Aug 834
06-Aug
O7-Aug
08-Aug
09-Aug
Tatal 472,770 991,068 702,834 238,830 70,542 160,380 726,192 500,370
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999.

Date 1957 1968 19569 1960 1961 1962 1863
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
01-Jul Q
02-Jul 0
03-Jul 0 0 2,268
04-Jul 0 4,982 0 606
05-Jul 361 15,012 0 90
086-Jul 0 26,514 8] 1,110 18 Q
07-Jul 296 39,594 4] 1,392 18 78
08-Jui 10 7,938 o a 2,328 4,988 86
09-Jul 126 16,726 2,635 (4] 9,174 20,460 18
10-Jul 8,614 18,540 29,589 Q 5,106 9,498 18
11-Jul 5,754 20,226 25,845 30 1.560 8,966 12
12-Jul 2,894 15,726 20,646 45,672 3,744 5,280 30
13-Jul 12,628 11,202 12,336 200,282 1.880 1,464 a0
14-Jul 13,056 25,170 5,715 299,828 38,385 144 27,726
15-Jul 19,434 8,712 2,712 220,122 97,302 18 181,038
16-Jul 19,771 10,740 12,869 59,250 39,786 133,980 30,804
17-Jul 33,420 11,994 5,743 38,310 28,982 49,890 23,400
18-Jul 28,908 6,774 11,277 281,470 24,042 4,662 43,338
18-Jul 10,530 7.110 18,806 508,176 39,972 2,136 19,482
20-Jul 4,208 8,898 4,608 216,638 4,050 5112 13,152
21-Jul 7,215 2,010 6,477 179,238 10,584 834 11,652
22-Jul 2,580 3,600 7,701 146,988 9,708 888 4,638
23-Jul 3,292 2,586 6,192 53,266 10,410 284 1,980
24-Jul 2,880 1,620 7,707 8,628 5,655 480 4,380
25-Jul 8,394 1,572 4,480 17,970 3,795 42 6,522
286-Jul 5,988 798 4,984 5,602 230 1,740 1,124
27-Jul 1,096 1,608 5,508 5,214 726 546 3.048
28-Juf 1.730 1,478 1.863 7.146 8924 228 7.264
29-Jul 4,482 1,164 1,719 1,842 630 678 6,486
30-Jui 448 1,674 2,213 8,702 1,314 300 1,082
31-Jul 8,509 1.418 1,336 3,324 1,380 762 636
01-Aug 2,184 2,364 2,002 3,012 940 198 78
02-Aug 1,156 570 2,269 2,448 868 380 12
03-Aupg 1,398 408 1,655 1,266 468 192 30
04-Aug 1,132 144 1,393 444 543 24 0
05-Aug 513 516 1.521 1,654 183 174
08-Aug 832 522 801 300 30
07-Aug 1,864 518 1.320 285
08-Aug 526 108 422 162
08-Aug €85
Total 214,802 279,540 219,223 2,284,200 348,658 255,426 388,254
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999.

Date 1964 1965 1966 1967 1968 1963 1970
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun 0
28-Jun o B4
29-Jun 0 0 0 48 0 (¢]
30-Jun 0 0 0 36 0 0
01-Jul 42 0 o 42 o 0
02-Jul 102 ¢ 0 36 0 0
03-Jul o o 0 o) 1,110 0 0
04-Jul 0 0 o 0 8,166 o 24
058-Jui 0 0 0 4,962 a18 0 24
06-Jul 0O 78 0 44,652 2,498 0 30
07-Jul 0 12 0 41,148 5,478 0 54
08-Jul 0 5,010 0 17,018 6,036 1.838 0
09-Jul 114 6,990 0 13,998 8.886 238 30
10-Jul 0 2,622 0 23,670 5,880 2] 4,242
11-Jul o 3,090 75,060 12,108 4074 42 149,436
12-Jul 77,130 8,754 77,976 9,180 3,396 30 41,382
13-Jul 71,100 3,006 25,590 5,148 1.812 24 24,468
14-Jul 47,418 7,854 856,048 456 1,832 35,250 49,398
15~Jul 33,252 36,354 83,412 188 1,602 87,392 20,114
16-Jul 41,448 145,932 28,850 372 1.266 7,074 94,038
17-Jul 66,192 70,404 76,938 168 8,576 2,820 22,788
18-Jul 24,138 69,080 6,816 30,504 2,766 3,288 69,450
19-Jul 8,856 34,314 246 22,242 1,672 1,602 81,686
20-Jul 45,878 60,444 85,116 3,372 1,272 2,288 69,308
217-Jul 20,334 83,750 148,296 2,166 a78 1,344 12,240
22-Jul 4,476 60,150 42,1860 2,544 624 1,836 -2,736
23-Jul 3.084 109,448 3,450 978 480 2,864 2,748
24-Jul 2,142 67,440 2,310 1,182 276 534 2,688
25-Jul 3,720 32,232 1,896 1,002 366 456 4,338
26-Jul 5,784 29,946 1,404 558 264 144 2,214
27-Jul 2,948 46,326 1,650 300 312 252 2,262
28-Jul 2,698 59,634 1,464 294 342 264 1,518
29-Jul 1,290 44 262 1,656 228 474 402 870
30-Jul 1,856 14,844 390 150 558 192 1,494
31-Jul 2,832 5,692 462 174 282 66 872
01-Aug 1,518 3,366 1,654 20 132 84 1,134
02-Aug 1,818
03-Aug 642
04-Aug 1,672
05-Aug 834
06-Aug
07-Aug
08-Aug
09-Aug
Total 472,770 991,056 702,834 238,830 70,542 160,380 726,192
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999.

Date 1971 1972 1973 1974 1975 1876 1977
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29%-Jun ] 0
30-Jun 0 0
01-Jul 0 0
02-Jul +} 0 0 0
03-Jul 0 0 0 0
04-Jul o 0 0 Q
05-Jul 0 0 36 66 0 0 0
08-Jul 0 0 & 552 ¢ 534 17,898
07-Jul 0 108 48 2,796 0 930 42,630
08-Jul 0 364 24 4386 o 288 12,474
09-Jul [0 390 1,866 78 12 216 8,076
10-Jui 0 4,704 3,810 102 4151 12 9,060
11-Jul 0 11,742 5,772 86 72 18 13,104
12-dul 0 4,458 2,346 26 30 26,796 12,546
13-Jul 12 2,664 156 9,188 21,354 124,344 1,866
T4-Jul 0 16,134 228 33.456 57,522 33,588 12,300
1B-Jul 0 12,744 7,140 9,564 40,704 28,620 702
16-Jul 12 9,204 8,586 1,368 26,370 678 144
17-Jul 42,996 10,158 . 3,738 380 12,678 768 114
18-Jul 195,816 1,590 1,704 2,502 3,012 a0 12
19-Jul 24,264 2,832 540 342 11.814 47,780 252
20-Jul 18,780 840 126 842 46,902 48,270 5,662
21-Jul 41,928 128 18 144 99,248 4,284 38,868
22-Jul 24,036 234 762 66 64,6518 3,188 11,136
23-Jul 29,382 468 984 18,390 1,560 8,246
24-Jul 10,830 534 &84 13,686 2,148 1,326
25-Jul 22,388 43 330 9,474 4,290 1,678
26-Jul 31,920 96 60 3,144 2,490 8972
27-Jui 11,8186 24 354 2,400 330
28-Jul 3,540 528 2,430 852
29-Jul 25,596 258 1,356 738
30-Jul 12,288 618
37-Jul 2,940 1,164
01-Aug 2,028 1,470
02-Aug
03-Aug
04-Aug
0B-Aug
08-Aug
O7-Aug
08-Aug
08-Aug
Total 500,370 79,428 38,988 61,854 429,338 240,218 201,486
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Appendix A.7. Ugashik River historical daily escapement, 1857-1999,

Date 1978 1978 18980 1881 1982 1983 1984
20-Jun 0 0 0
21-Jun 0 Q 0]
22-Jun 210 Q 8
23-Jun 18 6 30
24-Jun 852 54 0
25-Jun 3,228 a0 18
26-Jun 5,730 84 210
27-dun 1,368 68 114
28-Jun 1,284 12 102
29-Jun 3,984 102 426
30-Jun 2,508 278 1,768
o1-Jui 1.800 Q 2,694 36 18 4,350
02-Jul 10,884 42 5,334 0 942 2,706
03-Jul 30,702 2388 16,350 3] 2,178 72
04-Jul 1,718 804 25,488 492 138 0
05-Jul 8,832 280 33,774 162 30 24
08-Jul 168 69,810 600 44,634 282 49,374 0
07-Jul 1,362 66,792 128 77,208 6,240 9,252 i8
08-Jul 54 53,382 1,062 84,510 222 21,830 o
09-Jul 1,782 127,776 1,878 153,682 800 12,342 24

T10-Jul 3,252 172,950 19,280 196,398 114 31,104 150
11-Jul 1.758 167,856 43,026 122,802 10,098 200,904 145,170
12-Jut 8,904 116,874 36,426 183,150 83,364 72,840 80,6186
13-Jul 7,596 247,802 49,902 131,328 362,574 71,018 63,340
T4-Jdul 4,568 202,416 128,490 117,780 193,482 173,084 161,292
18-Jul 10,584 20,672 274,298 24,908 222,864 132,630 135,360
T18-Jul 13,854 43,176 331,920 20,040 111,204 38,958 45,534
17-Jul 7.110 34,524 621,054 13,230 47,286 14,834 231,408
18-Jul 1,548 20,682 529,974 14,838 68,888 10,238 122,700
19-Jul 240 59,046 407,658 16,794 12,966 12,318 81,356
20-Jut 180 74,862 102,408 11,418 12,444 14,862 65,748
21-Jul 204 37.578 332,808 5,742 5,454 19,416 23,652
22-Jul 696 22,506 237,554 2,868 7,782 12,846 12,582
23-Jul 714 11,514 48,140 2,024 3,080 11,448 15,390
24-Jut 428 13,636 24,894 &78 3,108 6,150 9,414
25-Jul 1,506 6,372 10,536 3,330 3,162 9.216
26-Jul 878 7,134 9,084 1,422 4. 884 5,988
27-Jul 336 6,294 216 14,5650 6,306
28-Jul 270 13,836 3,640
29-Jul 1,218 14,250 2,298
30-Jui 812 12,732
31-Jul 318 9,684
O1-Aug 4,824
02-Aug 3,462
03-Aug 204
04-Aug
05-Aug
06-Aug
07-Aug
08-Aug
08-Aug
Total 70,434 1,700,904 32,321,354 1,226,762 1,157,528 1,000,608 1,241,418
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999.

Date 1985 19886 1987 1988 1989 1980 1991
20-Jun
27-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun 78
29-Jun =153
30-Jun 78
0%-Jul 132
a2-Jul 42 0
03-Jul 60 o 0 474 186
04-Jul 42 4,218 3,792 210 774 114
05-Jul 12 1,332 1,968 66,222 1,404 246
08-Jul 17,580 218 1,296 80,304 2,484 204
07-Jul 107,766 26 & 312 101,388 B16 1.344
08-Jul 26,382 264 2,514 380 67,650 11,3186 206,874
09-Jul 24,060 182 29,172 3,240 66,516 21,192 203,218
10-Jul 564 84 27,998 750 58,008 28,512 83,720
11-Jul 546 174 2,424 642 101,514 52,932 20,352
12-Jul a0 144 468 504 413,310 88,320 264,186
13-Jul 156,342 60 128 11,894 220,854 119,148 870,204
14-Jui 249,198 358,878 3,030 66,368 63,300 98,910 224,910
158-Jul 145,356 287,286 120,300 96,690 66,618 85,200 484,884
18-Jul 27,568 40,518 310,194 120,008 54,420 51,414 139,678
17-Jul 11,388 46,542 45,252 35,340 58,482 32,592 31,296
18-Jul 16,830 58,950 5,874 53,004 68,544 57,162 22,488
19-Jul 4,584 43,158 4,308 54,768 47,448 29,988 20,754
20-Jul 14,970 14,798 4,596 36,426 30,702 15,666 33,942
21-Jul 5,580 9,396 5,736 29,328 20,934 13,992 24 816
22-Jul 7.854 29,520 7,826 25,808 15,210 7.428 46,530
23-Jul 14,328 34,880 11,802 21,198 13,212 2,604 51,000
24-Jul 20,382 9,602 6,858 11,018 15,138 4,470 16,236
25-Jul 13,272 9,602 4,590 14,778 20,838 3,018 9,996
26-Jul 40,356 9,602 11,172 25,980 18,628 3,438 7,446
27-Jul 37,422 9,802 18,756 8,128 7,578 7,104 5,910
28-Jul 18,0886 9,602 6,120 2,334 2,004 9,870 6,174
29-Jul 9,984 9,802 11,142 2,220 2,384 8,810
30-Jul 11,852 9,602 8,804 2,718
31-Jul 8,674 9,600 7,242 2,070
01-Aug 4,818 6,516 1,056
02-Aug 2,496 698
03-Aug 1,208
C4-Aug
05-Aug
08-Aug
07-Aug
08-Aug
09-Aug
Totat 998,232 1,001,492 668,964 642,972 1,681,298 730,038 2,457,306
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999,

Date 1992 1983 1994 1995 1996 1897 1998
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
258-Jun
28-Jun
27-Jun
28-Jun 12
29-Jun 252
30-Jun 108
01-Jui 30
02-Jul 0 360 276 72
03-Jul 762 576 228 3,078 5,604 1,290 1,626
04-Jul 248 290 480 4,644 28,888 1,478 788
08.-Jul 678 1,236 2b2 3,810 83,156 1,704 1,134
08-Jul 428 1,776 480 22,038 97,320 2,370 1.536
07-Jul 824 5,838 258 55,806 51,000 9,288 6,840
08-Jul 894 137,754 120 41,676 346,680 13,600 10,170
09-Jul 842 408,152 4,830 12,288 13,512 31.38Q 15,114
10Q-Jul 834 411,066 101,870 11,664 6,334 34,230 15,222
11-Jul 798 235,200 204,678 11,358 8,370 48,080 34,056
12-Jul 3,066 86,972 207,204 17,988 8,672 49, 056 54,878
13-Jul 9,426 10,098 50,0786 9,768 5,282 37,080 97,848
14-Jul 68,730 7,950 24,162 7.812 E.876 43,672 183,350
15-Jul 401,778 4,778 31,284 5,850 9,606 60,876 92,286
T&-Jul 529,362 8,362 63,144 23,940 h7,6b4 21,024 27,444
17-Jul 548,964 8,256 38,490 45,906 88,614 36,096 16,746
18-Jul 348,852 8,076 38,982 278,538 66,930 24,918 18,672
19-Jui 44,154 8,588 58,484 357,996 33,444 13,254 17,666
20-Jul 38,520 21,060 88,884 222,102 25,716 23,808 14,802
271-Jul 17,322 13,872 100,134 90,8568 11,262 28,134 12,318
22-Jut 8,082 5,004 18,836 22,278 13,344 25,380 15,894
23-Jul 6,156 3,966 12,842 12,546 13,158 20,874 11,334
24-Jul 16,158 3,228 8,454 6,822 10,326 24,930 16,056
25-Jul 21.426 7.374 8,330 10,374 4,530 12,918 35,348
28-Jui 58,248 5,768 3,216 13,602 3,972 13,032 81,4868
27-Jul 25,002 5,946 4,668 11,316 22,852 50,856
28-Jul 18,324 13,272 13,6640 39,702
29-Jul 5,916 3,528 21,610
30-Jul 16,086
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
08-Aug
07-Aug
08-Aug
08-Aug
Total 2,173,692 1,389,534 1,080,858 1,304,058 667,618 618,396 890,508
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Appendix A.7. Ugashik River historical daily escapement, 1957-1999.

Date 1998

20-Jun

21-Jun

22-Jun

23-Jun

24-Jun

25-Jun

28-Jun

27-Jun

28-Jun

29-Jun

30-Jun
01-Jul
02-Jul
03-Jul
04-Ju}
05-Jul
08-Jul
07-Jul 8
08-Jul 33,180
09-Jul 203,940
10-Jul 189,654
11-Jul 183,408
12-Jul 328,740
13-Jul 354,384
14-Jul 78,528
15-Jul 38,260
16-Jul 45,846
17-Jul 21,462
18-Jut 10,648
18-Jul 3,048
20-Jul 6,348
21-Jut 8,888
22-Jul 24,810
23-Ju 25,434
24-Jul 22,674
25-Jul 12,528
26-Jul 10,086
27-4ul
28-Jul
29-Jul
30-Jul
31-Jul

01-Aug

02-Aug

03-Aug

04-Aug

0O5b-Aug

08-Aug

07-Aug

08-Aug

09-Aug

Total 1,681,672
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Appendix A. 8. Wood River historical daily escapement, 1956-1998.

Date 1966 1957 18658 1969 1980 1981 1962
17-Jun
18-Jdun o
18-Jun 114
20-Jun 826 67 182
21-Jun 126 1,265 480 98 8
22-Jun 10 886 2,376 342 132 162
23-Jun 2,218 734 8,747 888 211 84
24-Jun 2,838 1,168 5,641 1,462 B12 28
26-Jun 1.623 748 1,512 1,176 1,286 30 228
28-Jun 872 9086 2,247 3,048 10,013 1,104 1,888
27-dun 243 1,246 2121 16,986 8,208 4,224 1.014
28-Jun 5,964 2,218 802 106,984 4,116 2,874 786
29-Jun 5,816 4,328 1,134 82,762 4,770 2,806 1,682
30-Jun 4,602 8,877 17,087 62,148 1,488 3,008 1,058
01-Jul 730 15,666 81,248 84 978 1,443 86 1,956
02-Jul 2,020 8,047 41,658 115,782 1,830 3,030 2,084
03-Jul 1,243 3,166 12,748 340,752 6,844 16,438 80,658
O4-Jdul 18,84k 4,617 8,588 201,930 2,828 24 594 112,296
05-Jul 43,257 3,217 12,300 184,734 6,474 23,433 248,742
08-Jul 41,776 3,628 104,862 163,254 98,460 30,688 230,274
07-Jul 26,870 4,147 190,818 85,088 232,140 30,474 54,960
08-Jul 16,689 4,018 129,822 28,730 199,598 21,510 23,022
08-Jul 8,124 7,388 80,454 23,802 167,094 16,728 23,822
10-Jut 4,825 8,575 30,149 23,292 103,748 30,824 24,036
11-Jul 87,299 77,602 21,314 13,688 41,120 26,022 8,682
12-Jui 80,213 54,285 14,655 116,058 186,800 75,009 7,512
13-Jul 71,748 24,688 768,137 250,802 13,188 77,7386 3,420
14-Jul 47,216 10,303 33,249 128,270 16,708 43,734 1,944
15-Jul 79,427 4,109 24,648 52,248 i6,728 8,250 4,554
16-Jul 68,389 4,274 7.783 13,788 17,418 5,682 12,288
T7-Jui 47,168 2,785 4,326 11,334 16,872 3,492 3,662
18-Jul 18,168 1,685 3,023 24,812 8,120 1,209 714
19-Jul 21,870 2,785 4,214 27,738 5,444 1,178 462
20-Jul 18,057 2,080 7,926 13,242 4,382 507 866
21-Jul 13,821 2,808 &,208 5,878 1,624 186 480
22-Jul 6,690 2,834 6,747 4,698 1,378 ] 324
23-Jul 3,862 7849 2,662 3,912 3868 24 a78
24-Jul 2,416 522 2,028 4,268 760 54 1,118
26-Jul 4,662 147 1,810 1,515 2,312 438 726
26-Jul 3,b%4 8b2 1,648 2,831 1,920 188 898
27-Jul 1,792 2,825 1,028 912 EB2 B4 534
28-Jul 486 1,630 1.287 1,875 B4 1,820
29-Jul 1,620 1,877 552 18 3,726
30-Jul 882 1,023 38 708
31-Jul 180 737 1,838 114
01-Aug 490 480 72
02-Aug 308
Total 773,101 288,727 969,830 2,208,209 1,016,767 480,737 873,888
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Appendix A. 8. Wood River historical daily escapement, 1956-1993,

Date 1963 1964 1966 1966 1967 1968 1863 1870
17-Jun
18-Jun 0 4
19-Jun 114 24
20-Jun 54 24 24 80 18
21-Jun 0 390 80 18 0 12
22-Jun 320 428 &0 i8 144 402 0
23-Jun 884 290 42 60 108 48 B4
24-Jun 2,382 324 72 72 300 8,144 222
25-Jun 2,166 584 30 60 1.41¢ 14,064 222
26-Jun 834 1,710 96 120 1,418 2,640 o 132
27-Jdun 1,388 5,328 o8 28 2,070 2,608 24 270
28-Jun b,268 8,220 270 1,250 4,614 42,126 30 390
29-Jun 8,414 8,078 174 2,154 4,212 21,138 42 648
30-Jun 5,628 8,004 426 1,542 10,704 8,866 282 818
01-dul 4,410 1,908 810 2,106 34,470 26,934 800 1,388
02-Jul 4,512 428 438 11,172 57,192 22,596 38,652 1,182
03-Jul 3,114 480 460 320,6%0 29,632 48,164 92,148 2,268
04-Jul 1,248 6,538 2,922 110,082 148,020 47,068 88,482 122,418
06-Jul 220,698 94,580 33,762 251,394 76,812 75,294 68,082 118,364
06-Jul 283,328 100,830 118,356 168,966 21,174 87,960 41,828 147,930
07-Jul 15,924 31,842 173,364 233,538 29,362 41,466 53,004 200,628
08-Jul 13,464 22,386 133,224 124,044 32,304 51,648 50,838 287,340
09-Jul 17,070 166,188 91,7468 52,892 22,086 62,786 67,386 75,450
10-Ju! 20,6834 210,990 53,878 11,886 8,786 29,442 36,348 37,218
11-Jul 83,768 278,620 18,240 20,634 6,300 11,406 15,324 35,310
12-Jul 17,724 B7.666 6,860 77,498 4,728 9,842 9,984 47,364
13-Jul 13,050 23,658 4,788 47,502 5,040 9,000 10,674 42,870
14-Jul 12,822 10,878 2,364 16,284 b,538 8,034 8,912 ) 19,020
16-Jul 6,240 9,864 7,892 9,078 1,740 5,700 3,378 10,278
16-Jul 4,134 4,008 5,648 6,132 1,668 7,476 2,898 3,744
17-Jul 4,220 4,974 4,086 §,492 1,476 2,038 3,868 2,790
18-4ul 2,260 2,508 6,724 6,358 684 978 2,682 1,488
19-Jul 1,830 1,880 2,796 2,382 120 890 2400 1,338
20-Jul 876 1,710 728 2,208 126 288 1,696 1,028
21-J 1,638 1.162 6b4 1,044 288 324 1,074 978
22-Jul 1,200 966 296 972 132 126 1,288 572
23-Jul 1,044 480 a4 628 468 30 B70 428
24-Jul 492 498 86 0 474 486 186
26-Jul 308 388 hG8 384 252 58
26-Jul 246 222 48 108 102
27-Jul 128 108 24 30
28-Jdul o2 930
29-Jul 54
30-Jul 180
31-Jul 6
O1-Aug
02-Aug

Total 721,350 1,076,088 675,156 1,208,658 516,608 649,344 504,338 1,161,818
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Appendix A. 8. Wood River historical daily escapement, 1955-1989,

Date 1871 18972 1973 1974 1275 1978 1877 1878
17-Jun
18-Jun
1 9-Jun 0 300
20-Jun 35 i32 0 12 0 218
21-Jun 18 534 8588 0 Q 42 30
22-Jun Qg 480 3b4 0 0 354 144
23-Jun aQ 88 1,188 182 0 774 §,630
24-Jun o] 42 774 182 144 204 8,480
25-Jun 18 78 30 2,112 364 822 2,778 11,334
28-Jun &8 774 78 1,470 248 432 4,230 5,618
27-Jun 162 942 510 1,110 198 120 3,474 4,538
28-Jun 96 306 3,468 1,422 480 842 8,400 13,628
29-Jun 13:1: 72 3,012 6,172 3,402 570 39,068 167,796
30-Jun 1,332 18 8,862 109,668 6,884 278 61,734 107,154
01-Jul 678 86 32,442 162,744 2,850 20 49,830 108,018
02-Jul 6854 as 8,046 271,208 14,442 102 20,886 145,440
03-Jul 204 72 8,514 276,082 11,8276 278 33,882 202,718
04-Jui %:4:) 43 8,210 340,332 2,668 22,038 73,062 433,280
05-Jul 460 (]3] 2,870 187,026 2,004 119,832 64,782 388,172
08-Jul 834 162 7.080 123,630 618 88,680 27912 86,020
07-Jul B,078 188 5,034 53,108 34,470 86,084 38,280 100,874
08-Jul 20,340 3,388 36,688 35,378 213,438 286,670 24,732 142,284
09-Jul 58,838 83,784 88,208 27,364 307,832 23,260 24,822 101,328
10-Jul 427,030 205,878 47,844 19,494 228,132 93,792 23,638 67,710
11-Jul 74,394 76,268 34,158 17.738 160,245 132,282 7170 33,072
12-Jul 133,584 i8,222 15,854 12,072 128,348 99,432 4,920 28,044
13-Jul 57,684 16,800 9,876 §,562 65,7138 40,612 22,494 28,452
14-Jul 93,948 10,104 4,680 6,084 20,802 16,882 12,110 11,338
16-Jul 128,284 5,982 2,370 7,698 19,002 12,012 2,838 7.950
16-Jul 104 688 2,882 1,908 5,748 18,600 2,336 1,404 4,280
17-Jul 46,428 3,222 1,884 8,150 13,440 12,228 1,580 9,462
18-dul 18,622 750 732 5,442 8,860 9,774 2,062 19,698
19-Jul 12,180 808 612 2,784 4,320 7.002 1,434 8,042
20-Jul 8,518 672 498 1,368 3,284 4 584 1,058 5,838
21-Jul 6,132 168 228 3,936 3,168 5,010 1,088 5,766
22-Jul 7,748 72 84 594 2,178 3,084 210 3,604
23-Jul 12,750 248 1,668 1,808 474 3,336
24-Jul 5472 132 2,084 894 504 430
25-Jul 3,308 2,904 318
26-Jul 1,208 1,134
27-Jul 11186 3.0z
28-Jul 702 1,280
28-Jul 800 818
30-Jul 218 102
31-Jul
01-Aug
02-Aug
Total 851,202 430,602 330,438 1,708,704 1,270,118 816,996 561,828 2,266,020
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Appendix A. 8. Wood River historical daily escapement, 1956-1999,

Date 1978 1980 1981 1982 1983 1984 1985
17-Jun O
18-Jun 108 30 0 4] Q
19-Jun 180 0 268 0 0 ¢
20-Jun 570 312 1,110 0 618 o]
21-Jun 320 450 1,082 750 1,602 0
22-Jun 228 132 4,530 2718 870 372 0
23-Jun 78 428 7,002 2,304 1.302 1,888 4]
24-Jun 276 54 1,762 696 2,256 3,084 (4]
26-Jun BE,026 174 222 864 756 bG,242 o]
26-Jun 245,730 . 48 180 1,968 16,272 B5,710 0
27-Jun 168,702 522 680 16,082 65,852 20,376 0
28-Jun 18,462 808 1,718 33,492 42,618 6,018 0
29-Jun 12,480 24,810 10,032 43,494 36,174 4,506 0
30-Jun 8,348 120,812 15,210 84,734 13,788 33,822 2,754
01-Jul 263,688 175,638 59,3158 100,762 23,180 64,194 78,294
02-Jul 529,598 341,214 24,720 68,298 10,026 72,890 85,764
03-Jul 29,468 416,688 20,022 65,544 239,870 EB,440 86,834
04-Jui 8,502 460,722 137,712 126,222 589,464 60,4886 88,082
05-Jul 18,980 198,684 308,028 129,812 94,944 40,554 29,448
GE-Jul 166,228 141,086 214,920 44,322 14,838 138,850 19,584
07-Jul 118,812 162,908 70,818 41,154 13,266 21,274 20,822
08-Jul 18,036 230,490 69,246 33,882 13,614 83,884 67,242
09-Jul 5,852 248,166 55,080 18,470 20,250 83,922 84,364
10-Jul 6,048 95 850 67,056 12,308 5,608 ht,378 438,694
11-Jut 3,800 46,892 43,762 18,948 3,222 29,784 24,276
12-Jul 7.704 118,424 23,550 17,034 1,956 10,454 30,774
13-dul % 4086 78,960 19,710 16,288 2,362 8,172 20,472
14-Jul 4,320 31,950 14,058 22,200 34,278 3,984 88,914
15-dul 5,190 29,628 16,630 14,352 14,730 1,800 92,334
18-Jul 4,992 26,418 14,394 10,636 11,1086 3,834 34,920
17-Jul 2372 12,482 8,664 13,206 6,588 3,938 11,706
18-Jul 7,386 5,334 12,6800 2,338 1,872 4,284
19-Jul 1,664 8,382 7,782 3,720 792 3,846
20-Juf 7,974 5,064 1,880 1,680 2,322
21-Jul 1,158 3,420 804 2,062 2,040
22-Jul 98 138 2,828 1,074
23-Jul 3,618 366
24-Jul 4,302
25-Jul 1,170
28-Jul 732
27-Jul &8
28-Jul
29-Jul
30-Jul
31-Ju
01-Aug
C2-Aug

Total 1,705,602 2.968,620 1,231,820 876,470 1,360,350 1,002,792 539,000
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Appendix A. 8. Wood River historical daily escapement, 1956-19293,

Date 19886 1887 1988 1989 1890 1991 1992
17-Jun
18-Jun 0 168 8
18-Jun 0 84 186
20-Jun 0 72 80 1,182
21-Jun 0 378 8 248 1,468
22-Jun 0 8690 1.770 20 432
23-Jun 0 18 5,400 1,654 918 894
24-Jun 174 1,620 1,008 14,602 1,032 5,262 1,938
28-Jun 1,014 6,548 8,744 23,484 198 14,1356 2,082
28-Jun 444 3,702 28,320 23,180 386 4164 16,908
27-Jdun 648 5,382 12,588 24,862 188 2,580 73,068
28-Jun 414 20,304 21,522 2,604 702 14,778 34,164
29-Jun 330 86,172 14,142 4,230 1,680 18,594 22,500
30-Jun 756 217,668 2,810 89,486 £,976 9,360 11,018
C1-Jul 4 880 188,200 1,362 102,218 24,338 53,478 20,148
02-Jul 11,664 117,1E8 2472 190,314 81,840 48,168 16,794
03-Jul 6,924 53,088 36,372 233,624 102,726 410,264 18,162
04-Jul 28,062 19,8628 107,822 96,5668 50,048 262,624 28,440
05-Jul 38,248 17,790 46,664 28,230 11,544 58,3338 114,642
08-Jul 37,104 18,008 14,722 66,692 131,622 18,072 122,232
O7-Jul 46,820 64,068 16,878 84,608 381,104 16,398 67,416
08-Jul 34,050 198,616 20,832 48,338 126,630 10,914 52,692
09-Jul 51,084 101,814 84,2086 21,838 23,898 16,868 41,832
10-Jul 112,448 30,788 82,812 17.730 25,830 17,004 96,048
11-Jul 135,834 19,878 184,610 16,320 21,732 21,288 182,652
12-Jui 126,838 18,218 161,662 17,418 29,628 20,650 163,618
13-Jul 70,194 16,268 23,622 21,980 26,608 20,070 72,540
14-Jul 29,622 27,798 2,732 25,644 13,328 18,872 38,688
16-Jul 19,524 24.54C 2,268 14614 7,650 12,264 24,342
18-Jul 19,660 14,808 4,260 6,276 9,042 11,876 14,408
17-Jul 8,030 16,608 10,308 8,484 3,488 28,200 12,462
18-Jul 7.134 13,824 4,890 8,280 2,298 21,830 5,496
19-Jul 3,240 7,624 1,328 3,948 1,740 10,648 7,008
20-Jul 3,930 7,386 1,188 1,314 1,002 8,844 8,930
21-Jul 3,138 6,768 8,834 6,054
22-Jul 4,802 3,798 4,272 6,780
23-Jul 4,734 732 4,224 3,252
24-Jul 8,184
26-Jul
28-Jul
27-Juf
28-Jul
29-Jul
30-Jul
31-Jul
01-Aug
02-Aug
Tatal 818,652 1,337,172 866,778 1,186,410 1,089,368 1,159,578 1,284,870
Page 5 of 6
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Appendix A. 8. Wood River historical daily escapement, 1956-1999,

Date 1993 1884 1995 1996 1887 1998 1993
17-Jun
18-Jun
19-Jun ' 0
20-Jun 72 0
21-Jun 72 0 126 9,080
22-Jun 132 1,326 450 4,716 7,688
23-Jun 40,446 672 8600 7,698 8,804 3,668 188
24-Jun 37,110 228 2,138 32,364 13,884 3,864 5,442
28~Jun 46,548 1,470 16,802 41,010 27,788 13,6850 2,678
28-Jun 34,482 3,160 94,710 26,616 28,392 25,088 1,860
27-Jun 81,168 3,444 104,188 38,232 34,618 16,428 10,086
28-Jun 84,648 1,802 23,602 32,778 57,126 17,828 15,180
29-Jun 85,706 1,332 104,904 13,392 52,632 31,170 10,218
30-Jun 66,270 1,008 99,630 47,472 51,660 24,980 27,872
01-Jul 40,320 6,078 36,390 63,186 50,626 18,658 17,682
02-Jul 83,822 37,630 27,890 111,038 91,056 41,866 87,390
03-Jul 183,540 86,616 20,464 134,370 127,134 96,130 347,124
04-Jui 897,344 §2,094 12,680 164,094 127,086 520,476 214,188
05-Jul 68,406 41,180 40,284 107,130 58,826 512,370 234,300
08-Jul 51,414 54,880 58,040 122,814 101,816 61,038 107,280
07-Jul 34,998 34,182 233,458 138,008 71,602 99,432 78,482
08-Jul 24,0926 21,102 240,782 108,488 73,014 108,278 47,634
09-Jul 12,582 301,710 145,898 50,708 168,120 45,804 28,314
10-Jul 8,614 346,830 47,498 82,104 35,2688 27,204 23,130
11-Jdul 11,880 113,472 29,226 75,6086 66,518 13,800 96,810
12-Jul 18,714 35,484 22,488 60,342 66,388 11,430 33,368
13-Jul 10,722 13,812 22,512 38,138 60,072 11,082 22,950
T4-Jul 19,440 16,018 13,722 23,180 30,830 8,232 30,810
15-Jul 9,390 13,020 14,348 15,912 28,138 12,688 11,034
16-Jul 9,204 654,572 29,382 11,544 15,948 10,802 14,680
17-Jul 15,872 73,748 14,310 10,074 12,238 B5,b98 10,410
18-Jul 11,202 39,300 7.332 37.652 15,276 3,492 8,016
18-Jul 4,208 18,426 5,682 19,092 11,310 3,156 4,008
20-Jul 1,338 16,170 4,284 22,488 : 8,468 2,918 6,264
21-Jul 2,268 17,436 3,798 18,372 5,772 2,100 5,748
22-Jul 28,884 1,764 16,886 8,766 2,628 6,348
23-Jul 14,796 1,176 3,048
24-Jul 12,000
26-Jul
286-Jul
27-Jul
28-Jul
29-Jul
30-Jul
31-Jul
01-Aug
02-Aug

Total 1,176,064 1,471,880 1,482,162 1,849,698 1,612,386 1,786,768 1,512,426
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Appendix B
Historical escapement data for previous Sockeye salmon

Counting towers no longer operating in Bristol Bay
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Appendix B. 1. Branch Biver historical daily sockeye escapement, 1957-1976.

[ate 1857 1958 1958 1960 1961 1862 1963
18-Jun
18-Jun
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun Q
26-Jun 6
27-Jun 0 738
28-Jun 378 -] 2,214
29-Jun 68 1,128 o} 8,295 144
30-Jun 694 1,143 54 4,868 185¢Q 4,028
o1-Jui 1,521 234 258 2,652 276 444 3,678
o2-Jut 1,688 234 870 72,018 150 5,340 8,970
03-Jul 430 428 1,350 120,782 3,102 3,252 5,814
04-Jul 1,288 43 27,188 37,928 21,402 3,648 5,304
05-Jul 203 o} 68,544 13,770 11,364 4,788 20,5566
08-Jul ag7y 1,044 682,850 50,700 5,202 27.870 37,0886
07-Jul 2,540 4,320 82,179 162,516 588 24,060 29,658
08.dul 1,422 17,646 25,017 182,386 3z4 11,984 12,380
Ca-Jut 3,378 23,682 18,455 185,588 216 2,718 3,426
10-Jul 10,842 g,444 28,791 134,582 372 1,752 17,264
11-Jul 18,174 1,830 3,174 81,912 462 672 17,376
32-Jul 28,470 1,236 £3,655 32,910 1,770 786 11,328
13-Jul 14,205 390 26,365 22,860 7,898 252 7.578
14-Jul 4,912 5,484 124,545 16,582 10,512 72 4,866
18-Jul 4,668 19,146 112,684 23,706 2,880 168 2,130
16-Jul 7,080 4,518 24,462 45,150 204 800 636
17-Jut 3,114 1,854 8,724 20,810 144 8684 1,560
18-Jul 1,356 678 26,873 8,598 aos 806 2,358
18-Jul 5,562 636 20,583 3,204 1,344 222 2,256
20-Jul 3,384 168 10,443 1,668 402 24 1,244
21-Jul 1,080 218 5,040 2,682 474 8 414
22-Jul 1.228 444 4,355 1,182 522 38 282
23-Jul 1424 [:1:] 1.623 5§70 240 8 540
24-Jul 3,848 36 758 276 438 588
25-Jul 1,140 114 2,331 180 714 258
26-Jul 1,104 12 4,404 12 144 222
27-Jul 272 1] 1,884 12 48 66
28-Jul 204 12 141 &0 6
29-Jut 247 24 216 144
30-Jul 132 126
31-dul
01-Aug
02-Aug
03-Aug
04-Aug
Total 126,595 84,6860 825,431 1,240,530 50,036 90,830 203,334
Page 1 of 3
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Appendix B. 1. Branch River historical daily sockeve escapement, 1957-1976.
Date 1964 1985 1966 1967 1868 1969 1970
18-Jun o
18-Jun 12
20-Jun a
21-Jun 0 Q
22-Jun 0 0 0
23-Jun 222 0 v}
24-Jun 1i4 0 o
Z5-Jun 144 4] aQ
28-Jun 0 1,410 B 0
27-Jun 0 2.244 0 o s’
28-Jun o] ] 2,840 2,724 o 38
29°Jun 0 0 18,480 22,764 0 282
30-Jun 120 o 24,252 6,664 2,748 2,024
01-Jut 888 o 49,506 3,728 19,998 8,346
02-Jul 156 3,912 c 66,474 18,386 18,422 11,548
03-Jul 43 5,082 0 8,220 13,008 21,594 23,196
04-Jul 18 8,568 852 16,5686 17,496 31,056 26,052
05-Jul 1,032 16,058 4,578 2,108 25,194 26,502 16,872
08-Jul 30,504 31,208 11,802 14,484 17,052 25,932 18,122
07-Jul 45,162 29,358 22,692 10,332 17.160 24,582 13,624
0g-Juf 100,768 15,294 43,104 9,030 B,742 9,096 14,856
08-Jul 7,548 27,582 38,580 6,978 2,844 1,882 12,966
10-Jul 5,322 15,882 12,246 3,588 4,524 756 7,332
T1-Jul 23,286 11,292 2,292 1,184 27,084 282 4,104
12-Jul 13,826 4,280 3,210 5,616 5,790 546 3,414
13-Jul 9,660 762 8,742 17,282 1,530 420 4,644
14-Jul 2,400 264 4,614 4,722 1,620 330 3,336
15-Jul 2,232 300 2,882 1,746 2,154 338 1,158
16-Jul 8486 1,350 3,372 1,434 2,148 [ 444
17-Jul 1,710 1,230 1,788 1452 1,368 738
18-Jul 744 876 4,698 2.160 648 846
19-Jul 894 T 2,058 1,434 114 1,088
20-Jul 1,068 28 1,134 618 38 66
21-Jul 282 2,268 2,634 66 36
22-Jul 234 1,098 1,716
23-Jul 210 1,536 2,070
24-Jut 80 690 5,204
25-Jut 78 1,236
26-Jul 12 114
27-Jut 30
28-Jul 12
29-Jul
30-Jul
37-Jul
O1-Aug
02-Aug
03-Aug
D4-Aug
Total 248,700 175,020 174,336 295,224 182,872 182,490 177,080
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Appendix B. 1. Branch River historical daily sockeye escapement, 1957-1376.

Date 1971 1972 1873 1974 1975 1978
18-Jun
19-Jun
20-Jun o
21-Jun &
22-Jun o]
23-Jun 0
24-Jun 4] a
25-Jun 0 4] Q
26-Jun & Q ] 8
27-Jun Q Q 8] & 12
28-Jun o] Q o 132 12
29-Jun o o] ] 2514 12
30-Jun Q o Q 11,502 Q 1]
at-Jdul 1] o 6 24,474 ] 0
02-Jul 0 0 Q 30,336 18 12
03-Jul Q Q 24 27,672 5440 -]
o4-Jdul 0 0 0 28,080 1,812 8
05-Jul 18 0 24 21,852 3,282 i8
08-Jul 282 1,758 744 23,112 11,904 20,148
07-Jul 4,788 44,874 3,878 192,800 15,042 5,790
08-Jul 5,126 43,188 11,B26 2,996 17,016 1,026
09-Jul 21,228 5,868 11,10G 4,584 22,980 1,308
10-Jut 28,148 23,544 5,880 4,998 12,882 14,208
11-Jul 29,010 4,340 468 3,188 4,902 23,994
12-Jul 9,584 7.410 474 870 5,252 10,580
13-Jui 12,282 5,778 270 852 2,202 3222
14-Jul 13,290 2,022 792 1,476 1,020
15-Jul 24516 850 20 684 414
16-Jul 21,218 408 158 &0
17-Jut 6,744 228 90
18-Jul 1,388 576
18-dul 1,326 180
20-Jul 1,028 66
21-Jul 1,032
22-Jul 728
23-Jul 1,218
24--al 1,752
25-Jul 1,478
26-Jul 488
27-Jul 408
28-Jul 264
2%-Jul
30-Jul
31-Jul
01-Aug
02-Aug
03-Auy
04-Aug
Total 187,302 151,188 34,806 214,848 100,480 81,822
Page 3 of 3
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Appendix B.2. Branch River historical daily chinook salmon escapement, 1966-19786,

Date 1966 1967 1968 1969 1970 1971 1972 1973

20-Jun

21-Jun O

22-Jun o

23-Jun 0

24-Jun 0

25-Jun 0 0

26-Jun 0 0 o
27-Jun 0 0 0 0
28-Jun 0 0 0 Q
29-Jun 0 0 0 0
30-Jun 0 0 0 o NO
01-Jut 36 0 Q0 0 ¢ PATA
02-Jut 8 0 0 C 0 AVAILABLE
03-Jul 0 6 Y] 12 0 0
04-Jul 3] 4] 18 0 18 0 0
05-Jul 48 0 12 O C 0 0
06-Jui 6 ) 18 0 6 51 0
07-Jul 12 0 o 0 0 0 6
08-Jul a0 0 0 0 o 5] it
09-Jul 6 0 0 0 3] 0 0
10-Jul 6 78 0 0 G 0 0
11-Jul 6 78 Q 0 0 18 0
12-Jul 30 342 0 0 v} 6 0
13-Jui 18 782 8] 0 o 0 0
14-Jul 18 126 12 6 6 0 0
15-dul 12 24 0 0O 6 0 0
16-Jul i2 6 e; 0 6 0 o
17-Jul 54 12 & 4] 12 0
18-Jul 42 24 294 18 18 18
19-Jul 120 18 72 66 24 6
20-Jul 252 12 66 54 6 6
21-Jul 390 36 78 102 12
22-Jul 282 246 36
23-Jul 396 198 18
24-Jul 510 12
25-Jul 192 30
26-Jul 66 24
27-Jul 186 48
28-Jul 534 6
29-Jul
30-Jul
31-Jul

01-Aug

02-Aug

03-Aug

04-Aug

Total 1,806 3,622 582 2] 300 282 36
Page 1 of 2
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Appendix B.2. Branch River historical daily chinook salmon escapement, 1866-1976.

Date

1974

1975

1976

20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
01-Jul
02-Jul
03-Jul
04£-Jul
05-Jul
06-Jut
07-Jul
08-Jul
09-Jul
10-Jul
11-Jul
12-Jul
13-Jul
T4-Jul
15-Jul
16-Jul
17-Jul
18-Jul
19-Jul
20-Jul
21-Jut
22-Jut
23-Ju
24-Jui
25-Jui
26-Jut
27-Ju
28-Jul
29-Jul
30-Jut
31-Jui
01-Aug
02-Aug
03-Aug
04-Aug

-t —t

&)
OO OCOMRNNMNMNOMMTOOOOODOOO

—h

NO
DATA
AVAILABLE

-—)
P OMODOOOOMODOTOOOMmO

23

Total

96

264
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Appendix B.3. Snake River historical daily escapement, 1960-1973.

Date 1960 1861 1962 1963 1964 1873

20-Jun

21-Jun

22-Jun

23-Jun

24-Jun

25-Jun 0

26-Jun v} Y] 0

27-Jun 81 0 O 0

28-Jun 75 0 0 o

29-Jun 0 30 ] 0

30-Jun 54 0 8 1386 0
01-Jui 0 0 4 40 4)
02-Jul 24 6 0 28 0
03-Jul 0 ) 0 2,548 0
04-Jul 52 0 (0] 2,044 0
05-Jul 0 0 36 728 0
086-Jul 144 0 80 1,732 4)
07-Jul 336 0 a4 6,796 1,492 14
08-Jul 1.124 0 40 11,980 1,224 17
09-Jut 4,824 312 424 3,328 144 1
10-Jul 3,140 32 580 1,680 460 5
11-Jul 2,368 8 24 1,000 672 13
12-Jud 1,408 44 60 484 1,936 8
13-Jul 1,024 760 84 1,604 2,060 0
14-Jul 840 1,792 60 1,720 524 52
15-Jul 472 584 8 408 1,948 18
16-Jul 564 464 48 68 892 248
17-Jul 236 192 72 84 24 69
18-Jul 32 308 52 1,044 468 83
18-Jul 924 112 38 56 364 123
20-Jul 500 108 32 228 120 B0
21-Jul 264 Q 12 216 20 32
22-Jul 84 o 20 100 56 8
23-Jul 20 28 32 40 20 11
24-Jul 8 12 8 20 12 42
25-Jul 8 Q 12 O
26-Jul 4 0 0
27-Jui b2 49
28-Jul 32
29-Jul 37
30-Jui 0
31-Jul 0

01-Aug 6

02-Aug 22

03-Aug 4

04-Aug a

05-Aug 1

Total 16,688 4,856 1,760 37,8924 12,436 931

a Project became a weir for rehabilitation project.
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Appendix C
1999 Comparative eastside tower counts from

Sockeye salmon counting towers in Bristol Bay
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Appendix C. 1999 Eastside tower comparison counts*

CONTROL CREW 1 CONTROL CREW2 CONTROL  CREW3
KVICHAK TOWER 2720 2350 2310 2,240 4,500 5,040
3,130 3,710 2470 2,830 I 3390 3,300 |
4,110 4,400 2,300 2,060 322 820
1,030 973 700 653
1,080 1,110 960 1016
305 313 256 257
1490 1,740
1,500 L610
Total 15,365 16,206 7,080 7,130 11,128 11,086
Control/Crew 0.95 0.99 1.00
CONTROL CREW 1 CONTROL CREW 2 CONTROL CREW 3
NAKNEK TOWER 37 31 16 17
14 12 4 3
79 65 31 26
37 47 11 12
2 21 667 618
18 13 2310 2465
14 13
15 15
31 24
1 1
860 800
2,150 2,100
Total 3328 3,142 3,039 3,141
Control/Crew 1.06 0.97
EGEGIK TOWER ~ CONTROL CREW 1 CONTROL CREW2 CONTROL. CREW3
400 475 225 300 (570) (490)
946 1,020 660 545 | 340 250 |
340 255 175 160 (3.020)  (3,500)
1,040 1,025 790 745 180 175
385 376 1,140 1,045
1,560 1,510 261 285
[ 90 115 | 115 185
87 110
215 211
91 95
227 236
705 634
325 322
176 180
520 547
125 135
Total 4761 4,776 5837 5735 (3,070)  (3,565)
Control/Crew 1.00 1.02 0.86
UGASHIK TOWER CONTROL CREW 1 CONTROL CREW 2 CONTROL CREW3
- - 965 904 910 740
1,025 837 52 50 | 945 760 |
498 503 2,560 2,005
1,610 1,620
Total 3,133 2,960 3,577 2,959 1,855 1,500
Control/Crew 1.06 121 1.24

* Data m boxes collected during fair or poor conditions
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Appendix D. 1. Field Report on the Evaluation of Towers..., 1956

U. s. Department of the Interior
_ Figh and Wildlife Service
-Administration of Alaska Compercial Fisherias

'WESTERN ATASKA ‘SALMON INVESTIGATIONS

Field Report
on the Evaluation of Towers for

Counting Migrating Red Salmon in Bristol Bay, 1956
Backeround |

A more complete count of the annual Bristol Bay red salmon

spawning escapement is required if management practices are to be re-
fined and-,_improved_. _

At present, the Naknek, Egegik and Ugashik escapements are
enumerated by weirs operated by the Fish and Wildlire Service. In
addition, the Fisheries Research Institute is developing emmmeration

The Alagnak, Togiak, Igushik and main Nushagak Rivers also support
substantial red salmen Spawning escapements which should be emumerated.
Also, possibly the Deg Salmon River population is large enough to war-
rapt censusing. :

Welrs are too coatly, are impractical in the larger rivers
and may interfere unduly with the migration of the salmon. Consequently,
during 1956, using funds from the Saltonstall-Kennedy Act . the Fish and
Wildlife Service made a thorough comparison of weir counts and t ower
counts on the Egegik River, '

Description of the Aree_l

The Egegilk River is about 25 miles in length from its source
at the outlet of Becharof Lake to the mouth where it enters Bristol Bay.
During the summer months of 1956, the mean river flow about cne mile be-
low the cutlet was about 7,000 c.f.s. Tidal influence is neticeable

along the entire river below the relatively swift rapids of the upper-
most mile. The Fish and Wildlife Service counting weir site is located
about 2.5 miles helow the cutlet of the lake and has about a one-foot

mean tidal range. Two large fresh water lagoons exist a short distance
below the weir site, and according to some observers, each year adult

red salmon characteristically remain in the lagoons several days before
continuing their migration up into the lake. The river banks and surround-
ing area are free from trees or other wind-sheltering growth.- Figure 1

is a map of the Egegik River depicting the weir site, tower sites, and
location of the lagoons. “
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Appendix D.1. (page 2 of 11)
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Fig. 1 Map of Egegik River Area
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Appendix D.1. (page 3 of 11)

Obiectives

The objectives of the 1956 Egegik tower counting study were
fourfold: (1) Become familiar with the problems involved in the in-

" stallation and operation of counting towers; (2} Learn as much as
possible concerning the factors influencing the behavior of migrating
red salmon, especially the effects of the weir; (3) Determine the rela-
tive completeness of tower counts and the factors which equate them to
the weir counts; and (4) Determine the minimum ~ounting effort required
to provide the desired degree of accuracy in estimating the daily momber
of salmon passing the counting sites. L

Operations

A crew of six seascnal empleyees arrived at Egegik June 14
under direct supervision of Charles Weaver. Weaver transferred to
ancther project June 29 and Charles Goldman was placed in immediate
supervision at that time. On August 7, the studies were terminated and -
the crew departed Egegik, '

t : . B .
Four towers were employed to cbserve the migration—two above
the weir and two below. In additicn, limited observation of fish behavior
was achieved from the pile driver below the weir and from a high bank
2bove the weir., Figure 2 pictorially presents a counting tower.

Counting was con-—
ducted from towers
located on each bank
above and below the
weir in shifts of four
to six hours. for each
counter, depending on

~the availability of
personnel,. "4 counter -
normally alternated
counting and resting
each 15 minutes dur-
ing his shift. The
downstream towers
were manned during
daylight hours, but
the upstream towers
generally were manned
only after daily count-
ing began at the weir,

5 . B and subsequently until
Fig. 2 Upstream Counting Tower Qarkness,

Counts at the towers were obtained with Veeder-Root hand talljes
and recerded at intervals in 1214 beclks carried b szach man.
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_ The weir is about 700 feet in length and is of pile construc-
tion with wooden pickets framed between the piling on EX6™ stringers.
(Fig. 3}. Chicken wire and sand bags seal the bottom of the pickets
on the shifting sand bottom. A crew of six men using a pile driver,

a motor laupch and a scow required about three weeks to construct the
' weir. - It was considered

fish tight on July 7 and
counting began. Two of
the crew operated the welr
until August 19, when they
were reinforced by three
additional men to remove
the weir.

During the nor-
mal operation, when few
fish were moving, the weir
gates were kept clesed un-
il an accumulation of
fish was evident below the
weir. A gate or iwo was
then opened and fish - ,
allowed to pass until the
accumlation was reduced.
In mid season during the
period of heaviest migra-
tion, four gates were
opened simultaneously and
counting occurred at each
gate for 20 minutes out
of each hour. Counts were
then converted to hourly
estimates. of fish passing
through the weir. Scme
variation in the counting
technique occurred.

L T —

Fig. 3 Egegik Weir, 1956

problems Invelving Installation and Operation of Counting Towers

Tt was found that the selection of adequater tower sites de-
pended primarily on four factors: (1) it must be where the fish mi-
grate in a single path and all can be distinctly obaqrved'and.counted;
(2) it should be in the lee of sheltering river banks where surface
disturbances caused by the wind and current are at a minimum; (3)
tna ~ivapr bad should be light-colored and uniform in ordar t0 silhou-—
ette individual fish; and {4) that the site be so situated that low
morning and evening sun causes minimum glare for the observers.

o . - R

by placing on the stream bed LX8' canels ceorstructed of reinforzing
ste=] ard vainted hardware cloth.
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Towers erected on a scow, or on two set net skiffs lashed to-
gether were.found te increase the mobility of the observer and also
allowed. the counter to take advantage of water depth.and. light con-
ditions by looking either towards or awsy from shore..

Pocr visibility due to the wind action was .a major problem.

Some work was dene on developing floating equipment that would damp
surfade ripples caused by wind and current action and improve the
visibility during windy and overcast days. It was observed that float-
ing logs athwart the stream and anchored about 4O feet upwind from the
cbservation peint provided the best damping effect. Transparsant sheet
plastic material was tried in various ways but proved unsatisfactory.
Mere research is needed along this line.
- "It was learned that although upstream fish movement decrsased
during the late evening and dark hours, some nocturnal movement did
take place. Further research is needed on whether it is necessary to
obtaln night counts during future counting. o

. Polaroid glasses for observers were found to increase visi-
bility beneath the surface in virtually all instances of daylight
counting, and they are necessary equipment for counting from towers.

. Enclosed shelters on the counting towers are necessary. It
was found that during L-hour or 4-hour counting shifts on windy and
rainy days, counters tended to become chilled and the resultlng dis~
comfort probably reduced counting efficiency.

Skiffs equipped with ocutboard metors were used to go to and
from the towers. Lack of familiarity with the boulder strewn river
bed resulted in a serious maintenance problem with the motors. Sever-
al times it was impeossible to maintalin counting schedules because
outboards were pot in operating condition,

Factors Influanclng Behavior of Migrating Hed Salmon and Effect of the Weir

o ey

It waz cobserved that the fish closely followed the contbur cof
each bank ef the river in water about three to six feet deep and zarely
more than thirty feet from the shore. (Fig. %) The migrations occurred

in a narrow band of about four to ten fish swimming abreast and appearing

in a steady stream. The right bank carried by far the greater mumber of
fish, but sporadically, greater numbers appeared to follew the left bank.
There appeared to bé little; if -any, crosging. from bank to bank oncé the
fish had passed the weir. _ .

Normally the red salmon did not diverge from their migratien
path as they passed the towers. However, in one instance it was noted
that all fish uniformly swerved out to avoid passing beneath a red
bottom skiff that had been moved over the migration path as a wind break.
In ancther instanee, it was noted that all fish swerwved out to awoid
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passing close to a white boat hull sbandemed in the water near the migra-
tion path. It was nmoted that moored lLogs that bobbed in the current
caused fish to shy into deeper water in an apparend alarm reaction.

A change in mooring lines stabilized the logs and corrected this con-
dition. Manila lines extending into the migration path appeared to

have little effect on the upstream movement if the lines were not
undulating in the current.

Fig, 4 Migrating Red Salmon, Egegik River, 1956

Only one tower below the weir was equipped with floed lights.
A rheostat allowed the light intensity to be comtrolled. Although no
upstream migrating fish were observed to be passing this tower zfter dark,
it was found that many adult fish were returning to the lagoon during the
early dark hours. In general, a light intensity bright enough to clearly
disclese the presence of fish startled or frightened the fish. Less
light intensity seemed to be less frightening to the fish. Vibrations
from the gasoline driven 110 volt A.C. generator seemed to have no effect

on migrating fish. The generator was operated during daylight migration

aF

to determine whether its vibrations would disturb fish movement.
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It was observed that many fish were either reluctant to pass
through the weir counting gates, or could not efficiently locate the gate
openings. The fact that fish approached the weir daily and returned o
the lagoon area in the evening and the presence of large mummbers. of fish
willing below the weir suggests that the weir was a partial block to
migration. ' et .

Determine the Relative Completeness of Tower Counts and the Factors
which Equate Them to the Weir Counts '

The towers below the weir were found to be improperly located
to enumerate the escapement because of the large numbers-of fish moving
downstream. Towers located above the weir provided an estimate of the
escapement that agreed favorably with the estimate furnished by the -
operation of the weir. For the periods July 12-30 inclusive, during
which comparable tower and weir counts were attempted, weir operators
estimated the Egegik escapement as 1,064,000 red salmon: An estimste
based on the upstream tower counts indicated the escapement for this
period to be 985,000 fish or 7.4 per cent lower-than the weir estimates.
(Table 1 and Fig. 5) .

350 Probabiy the weir
EN WEIR COUNTS estimates for. certain days
- 3 UPSTREAM TOWER were high. It was noted

that some counting occurred
with 2 single gate-opened
and the counting conducted
for the first 20 minutes
per hour. This would tend
to make the resulting esti-
mates high, since the counts
were occurring on fish that
had accumilated during a
pericd when the weir was
closed and tended to di-
minish after the weir was
opened. With four gates
open contimously and
counts made early in each
hour at two and late in
each hour at the other
two, such bias would not
Fig. 5 Red Salmon Enumeration, Egegik River exist. '

1956

8

THOUBANDS oOF 'g 16H
o
€ 8
1 T

8

0 12 I3 14 15 16 IT 18[9 2021 2225 24 28 28 2T 28 29 30
JULY

Much of the 7.4 per cent difference was due to the counts on
July 16 and 17 when the tower estimates were 15,000 and 73,000 lower
than the weir estimates. On these days, fish passed through the left
side of the weir for the first time during the season, and it was not
until noon of the second day that a tower could be erected on the left

-7 -
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-

TABLE T - COMPARISON OF WEIR AND TQWER ESTIMATES

RED SAIMON ESCAPEMENT, BGEGIK RIVER, 1956

Weir Tower Actual Diff. % Deviation
July Estimate Estimate In Estimates Tower from Weir -
12 3,280 6,801 3,521 107.3
13 24,361 33,512 9,151 37.6
1,/ 11,415 37,243 4,172 - 19.1
15,, 19,455 17,554 1,901 - 9.8
162/ - - 35,730 . 626 15,104 - 96.0
173/ . 200,342 126,892 73,450 - 36.7
18 322,536 336,535 13,999 4.3
19 167,859 165,317 2,542 - 1.5
204/ 112,911 115,54 6,633 5.9
=1 64,615 57,510 . 7,105 ~ 11.0
22 2,323 2,262 6L - 2.6
23 510 161 ST - 9.6
2L 1,707 1,454 - - ... 253 - 14.8
25 g,802 8,916 SR LT 1.3
26 27,304 25,386 1,918 - 7.0
27 19,392 19,080 312 - 1.6
o8 231,34 20, 268 3,166 - 13.5
30 1,49 1,108 386 - 25.8
TOTAL 1,063,877 984, 908 78,969 - 7.4
1/

Holes discovered in weir. Repaired at 8:00 a:,m_ .

2/ Fish counted through left side of weir for firstt:f.me today. '
No tower covering left bank yet,. - S

RS RS S
3/

Most of morning spent erecting tower on left bank. Activity
caused fish to veer out and escape count.

Holes discovered in weir. Repaired at 11:00 a.m.
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bank to obtain counts of fish pa551ng up the. left bank Insuff1C1ent
persomnel prevented earlier erection of this tower. If we omit these
two days, then the total estimate from tower counts was 1.6 ger cent
lower than the weir estlmates. o

The discoveny of holes in the weir on July 14 and 20 indicates
that weir estimates for July 12,-13 and 20 were prcbably low and that the
differsnces in the estimates for these days would have been minimirzed,
had the holes not occurred.

Complete analysis of the data has not yet been made, but it
may be concluded now from these studies in the Egegik River that tower
counts do not need to be rmltiplied by a factor to equate them to‘welr
eounts. If the towers are properly located and adequate provisions
made for .good visibility all of the fish can be seen. Whether there is
enough dewnstream movement at the upriver sites to complicate the count-
ing can be determined only by removing the weir,

Determine the Minimom Counting Effort Required to Provide the Desired
Degree of Accuracy in Counting the Daily Number of Salmon Passing the
Counting Sites

Little data are on hand with which te determine from a bio-
logical standpeint the degree of accuracy needed to enumerate the Egegik
escapements. - The past escapement” fignres indicate a range of about
200,000 to 2,000,000 in the annual red salmon escapement into the river.
w1th such large fluctuatlons in the escapement evident, a lesser degree
of accuracy is probably acceptable than if the escapement fluctuation
were of smaller magnitude. )

Tower estimates during 1956 were based principally en 30
minutes of ecounting per hour; i.e., 15 minutes of counting with 15
minutes of rest between counting periocds. The resultlng estimate was
within 1.2 per cent of the estimate furnished by the weir. July 16
and 17 comparisons are ‘disregarded because tower coverage was. incomplete.
Assuming the same aceuracy for a small run of 200,000 fish, the tower
estimate would be 197,600. Likewise, an estimate for a large run of
2,000,000 would be 1,976,000, which intuitively, appears to be a close’
enough estimate,

It is desirable to examine the estimates based on shorter
periods of counting in order to determine the minimum amount of countlng
that will produce a reliable estimate of the escapement. During part .
of the season, five-minute subtotals were recorded during each l5—minute
‘counting period. For ‘the’ perlod July 14-27, 1956, (which contained the:
peak of the run} data were obtained to estimate the number of fish o
passing the towers from counting periods of 5, 10, 15 and 30 mlnutes
per hour., A statistical exploraticn of these data indicates that a
greater variation will cceur in the estimated totals based on one
5 minute-per-hour c¢ount than in estimated totals based on longer
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counting periods (Table 2). On this basis ninety-five per cent of the
time the basic sampling scheme of two 15 minute-per-hour counts will
permit an estimate within 3.9 per cent of the actual total escapement.
Using a sampling scheme of one 5 minute-per-hour count, the error will
be less than 7.6 per cent. Estimates within the latter limits of accur-
acy appear to be entirely acceptable in 1light of present knowledge.

TABLE 2

Comparable Accuracy of Estimates Based on Various Counting Periods

Counting Periods Standard error of Bst. Total &/ 95% limits of error
" per hour _ No, Migrants % Est, Total (1.96Xstandard error)

Two 15 minute 18,259 1.99 3.90

{ne 15 minute 31,625 3.45 6.76

One 10 minute _ 28,412 3.10 6.08

One 5 minute 35,355 3.86 7.56

1/ Estimated total for July 14-27 = 915,721

Other Data Obtained in 1956

A thermograph was in operation from June 19 to August 7 inclu-
sive, and the recording charts are in Bristol Bay research files for
future analysis. Daily air temperatures were also recorded.

Weather observations were recorded daily,

Miscellaneous qbservaticﬁs were recorded in the field diaries
‘maintained by each of the personnel. '

Recommendations for 1957 Egegik Enumeration

Tt is believed that a crew of three men operating for six
weeks from about June 20 to August 5 can adeguately enumerate the Egegik
spawning escapement by tower counting if they are concernmed only with
the counts and the resulting estimates. However, further study is needed
on the extent and manner of night migration. Likewise, further study is
needed on how to improve visibility from fhe towers on windy and overcast
days. For this reason, at least one or two more men will be needed de-
pending upon the extent that related studies are carried out. The
following recommendations are offered:
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A. Select tower sites for counting along the left and right banks and a
third tower for spot checks, Tower sites should be selected to fulfill
the follewing requirements: (1) Be where fish migrate in a single path
and all can be-distinctly observed: (2) be in the lee of sheltering
river banks that will protect from wind and current surface disturbances;
(3) be where river bed will silhouette individual fish; and (4) be where

L a - 3 -  } = n

low morning and evening sun causes minimum glare for the observer.

B. Conduct further studies to improve visibility and to determine

whether night counting is necessary.

C. Improve the operational techniques and persomal comfort of the ob—

servers,

P
o

Construct prefabricated sﬁelters for all towers,
. Obtain intervalometers that will audibly signal the

beginning and ending of each counting period.
3. Use prepared forms on waterproof paper to simplify
keeping and summarizing basie data.
4." Construct log triangle to smoocth the water. These
- sheuld be about 30' to the side and rigidly bolted
together to fleat on the surface.
5. Mark boat channels with buoys.

Approved by:

WILLIAM F. ROYCE

Assistant Administrator
in Charge of Research
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Submitted by:

Harry L. Rietze
Fishery Research Biologist
January 2, 1957

o

~




Appendix D. 2. Field Report on the Evaluation of Towers..., 1957

Department of the Interioxr
United States Fish and Wildlife Service
Bureau of Commercial Fisheries, Juneau, Alaska

Western Alaska Salmon Investigations

Field Report
on the Evaluation of Towers for
Counting Migrdting Red Salmon in Bristol Bay, 1957

INTRODUCTION

Due to the expense, time involved in construction and maintairence of
weirs, and hecause of probablg interference with salmon migration, 2 less
expensive and more convenient method of enumexrating Bristol Bay red salmon

escapement was needed.

In recent years counting towers have been developed and used success-
fully by the Fisheries Research Institute. These towers are considerably less
expensive than weirs and are easily erected and maintained.

In 1956, to test directly the relizbility of towers, the Fish and Wildlife -
Service made a comparison between tower and weir estimates an the Egegik
River. The resulting estimates compared favorably. Based on this knowledge,
1957 escapement estimates on Naknek, Egegik, Alagnak, and Ugashik Rivers
were made by counting from towers. On the wider and more turbulent Naknek
River, counts from towers and the weir were obtained and compared to check
the feasibility of future removal of the Naknek weir.

DESCRIPTION OF STUDY AREAS

Naknek River

The Naknek River (Fig. 1) is about 35 miles in length from Nakmek
Lake to its mouth in Kvichak Bay. The river banks are mostly free from
trees and other wind sheltering growth. Two towers, one on each bank,., were
used for counting on the INalmek River . A third tower located about 20 yards
out in the strearn off the right bank was utilized part of the seasen.

Ugashik River

The Ugashik River {Fig, 2} is about 35 miles in length from its source
at the outiet of Lower Ugashik Lake to its mouth in Bristel Bay. The river
banks are mostly free from trees and other wind sheltering growth. Three
towers were used on the Ugashik River, They were located, cne on each bank

and one in midstream.
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Egegik River

The Egegik River (Fig. 3) is.approximately 25 miles in length from
its source at the outlet of Becharof Lake to its mouth at Bristol Bay. Tidal
influence is noticeable along the river below the relatively swift rapids of
the uppermost mile. The river banks are free from trees and other wind
sheltering growth. Four towers were used on the Egegik River. These were
located one on each bank of the river, and one on each side of the intervening
island.

Alagnak (Branch) River

The Alagnak River (Fig. 4} is about 50 miles in length from its source
at Kukaklek Lake to its mouth in Kvichak Bay. The river banks are mostly free
from large trees along the lower 15 miles. Three towers were used on the
Alagnak River. They were located, one on eachk bank and one in midstream.

OBJECTIVES

General Statement

In the case of some objectives, work was carried out at one or more
operational sites. The area (g) at which each particular objective was in-
vestigated is cited in parenthesis behind the respective objective.

Specific Objectives

1. Select adequate tower sites and reliably estimate the daily red
salmon escapement. {Naknek, Ugashik, Egegik, Alagnak}.

2, Operate the tower in conjunction with the weir and compare the
estimates of daytime, nighttime, and seasonal migration furnished by each.
(Naknek) .

3. Conduct fish behavioral studies related to lighted background
paneling and visibility improvement equipment. Study, as an aid to future
development of electronic counting methods, the minimum spacing of poles
and grids through which fish will pass without diverting from their normal
migration path. (Egegik).

4. Develop equipment, methods, and techniques towards obtaining
a reliable estimate of red salmon escapements with a minimum of effort
and expense. (Naknek, Ugashik, Egegik, Alagnak).

5. Integrate selected management personnel with research tower
counting crews to provide them with experience in tower counting methods

and technigues, (Naknek, Ugashik, Egegik, Alagnak}.
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OPERATIONS

General Statement of Operations

Since the wozk conducted at the four different areas varied consider-
ably, operations at each area are given separately.

Intervalometers were used at all tower counting sites to mechaniceally
indicate counting periods. This was negessary because: of the complex multi-
period counts needed to establish a minimum eounting period, which would still
allow accurate estimations to be made.

Counts conducted irom the Ugashik, Egegik, and Alagnak tower sites
were made for ten minutes per hour. Periods of 15 minutes per hour were
counted on the Naknek towers. Subtotals were recorded for each five minute
period at all sites. )

At all sites counts were recorded on Veeder-Roat hand tallies and
entered at intervals in field books carried by each man. Data were transcribed
each day and appropriately weighted to furnish estimates of the dajly migration.

In most cases counts were conducted from 0400 until 2100. Any counts
missed during these hours were interpolated by using the average of the hourly
estimates immediately preceding and following the missing count,

Estimates between 2100 and 0400 present a different problem due to
the following possible sources of errpr: (1) Some fish may escape unnoticed
when counting at night without artificial light. {2) Artificial light might be
atiractive or conwersely, frighten fish so the normal night migration rate
would be distorted. (3} Twenty-four hour counts, upon which a correction
factor might be based, are available for only'1/3 of the days on which counts
were made. Four of these 21 days were counted during the peak of the run.
If 24 hour counts were available for all days on which counts were made, a

meore accurate correction factor could be ascertained.

Based on the available data a correction factor of 2.4 percent of the
daily total, on the Alagnak, was interpolated for each missing hour between
2100 and 0400. On the Ugashik, a correction factor of 0.4 percent of the daily
total was interpolated for the missing hours between 2100 and 0400. Omn the
Egegik River where no 24 hour counts were made, the Ugashik factor of 0.4 per-
cent was used because of the similarity of the two streams and operation sites.

Naknek Area Operations

A crew of three research seasonal emplovees (Table 1) arrived at
the Naknek tower on June 19 under the crew leadership of Jack Mell. The
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management fishery aid arrived June 22. Following the transfer of Mell
to King Salmon on July 3, Jack Woody became crew leader. This study
was terminated on August 6, and the crew returned to King Salmon.

Table 1.—Naknek tower personnel, 1957

Arrival at Departure
Name _operation site from site
Andervont, David June 19 August 6
Hitchcock, Daniel June 22 August 6 :
Mell, Jack . June 19 July 3
Metcalf, Frank July 9 August 6
Woody, Jack June 19  August 6

Two towers, one on the right bank and one on the left bank, were used
for red salmon enumeration. Weir counts were made concurrently with the
tower counts for comparative purposes. Illustrations (Fig. 5 and Fig. 6}
show a tower and the weir used on the Naknek River.

e R D
W, il l m:,:t{;\
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Counting was conducted from each tower for fifteen minutes per hour
from 0400 until dark. (Each shift was of 4 to 6 hour duration depending upon
the availability of personnel.) Some night counting was carried out with un-
satisfactory results caused by the inability to get fish to migrate normally
through a lighted area.

When counts were made at weir gates, the gates were open for a
period of one hour., Counting was conducted from the weir gates for 20
minutes per hour. The counting periods varied with the abundance of fish.
but were usually made from 0600 until dark. Some counts were also made
after dark to obtain information on nighttime migration,

Ugashik Area Operations

Two seasonal employees (Table 2) arrived at the Ugashik tower site
on June 20 and Necel Tugwell, the crew leader, arrived June 25. Francis
Schutz, a management fishery aid assisted during the peak of migration.

Counting was conducted from each of the three towers for ten minutes

per hour. Counts were made from 0400 to dark with night counting con-
ducted during the heaviest part of the run.
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. Table 2.—Ugashik tower personnel, 1957
Arrival at Departure
Name operation site from site
Bradford, Wendell June 20 August 14
Schutz, Francis July 5 August 7
Tugwell, Noel June 25 August 14
Yovino, Joe June 20 August 14

Epegilk Area Operations

A crew of three seasonal employees (Table 3) arrived at the Egegik
site on June 19 under the crew leadership of Garret Van Wart. Additional
men arrived as the season progressed.. This-study was terminated on August
12, axd the crew returned to King Salmon. ™~

Table 3.—Egegik tower personnel, 1957

Arrival at Departure
Name operation site from site
Carlson, Charles June 19 July 26
MacVean, Duncan June 19 July 26
Mceicalf, Frank - June 22 July 8
Strickland, Charles June 27 August 12
Van Wart, Garret - Jume 19 August 12

In addition to the regular tower counting personnel, Jerry O'Gorman,
Bert Ewing, Hexb Shiro, and James Milne (cock} assisted at various times
in comnectior with their duties on the smolt and sampling methods studies.

Counting was conducied from each of the four towers for 10 minutes
per hour. Counting was alternated on the middle towers and only counted
every other hour. A counter alternated counting and resting each 10 minutes
during his four hour shift. Counts were made from 0400 until dark, with
come attemnpts made to count at night with artificial light.

Alagnak (Branch) Area Operations

"A crew of three seasonal employees (Table 4) arrived at Alagnak on
June 24 under the crew leadership of John Black. Counting was discontinued
on July 29 and the crew secured camp and returned to King Salman on August

q
£,
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Table 4. ——Alagnak tower personnel, 1957

Arrival at Depaxture

Name operation site from site
Black, Jchn June 24 . August 4
Bergeson, David June 24 August 4
Erickson, Charles June 24 Aupgust 4

Counting was conducted from each of the towers for ten minutes per
hour in order to obtain estimmates of the hourly, daily, and seasonal migration.
Counts were made from 0400 until dark.

A deflector was successfully used to shesr fish closer to the bank and
across the background panels. During the latter part of the season, the water
level had fallen almost two feet and the migrating red salmon passed the right
bank tower much farther out than previously. A 3/8 inch manila line was
rigged with white 27 by 8" plywood pznels and anchored on the bottom to act as
a lead. The panels bobbed and waved in the current and led fish across the
background panels. This device appears to ‘have great promise in directing
fish towards better areas of visibility.

RESULTS

Selection of Adequate Tower Sites and Estimate of Escapement

Based upon a reconnaissance by air or foot, tower sites were se-—
lected. The sites chosen were based on the probable salmon migration path,
depth of water, width of stream, color of stream bottom, protection from
wind action, and glare from the sun.

' The Ugashik River escapement for the 'Period of .Ii_:ly 5to Angust'9 .
inclusive, was estimated to be approximately 214, 800 red salmon.” The .
graph (¥ig. 7) presents the daily estimated escapement.

The Egegik River escapement for the period of June 30 to July 30
inclusive, was estimated to be approximately 391, 200 red salmon. The
daily estimated escapement is graphically presented (Fig. 8).

The Alagnak River escapement for the period of June 29 to July 29
inclusive, was estimated to be approximately 126,600 red salmon. Daily
estimated escapement is graphically shown (Fig. 9).

Comparison of Towers with Weir

During the period from June 29 through July 31 comparable tower and
welr counts were obtained. (Figure 10 graphically presents daily escapement
past the towers and the weir,)
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In this time weir operators estimated am escapement of approximately
631,000 red salmon wkile tower operators estimated anm escapement of
approximately 712,000 fish, or 12.8 percent more than the weir estimate.
Exarmination of the graph (Fig. 10) reveals that mest of the error between
tower and weir counts occurred on Jaly 8 and 9 during the peak of the Tun
- when the tower estimates were 51,000 and 25,008 higher than weir estimates.
I we omit thege two days, then the total estimate from tower counts was

only 0.9 percent higher than the weir estimate.

The fact that tower estimates (Table 5) were higher this Year suggests
the following: (1)} The weir may have developed leaks wmoticed by weir oper-
- ators, thus a2llowing some fish to escape mcomted through the weir; (2) Tower
counters overestimated escaperment on July 8 and 9 during the peak of the rum;
{3} Weif counters underestimated escapement through the 16 inch wide gates
ort July 8 and 9 during the peak. L :

Artificial Lighting for Night Comnts

: - 'ﬁ'a.rmus pr'eﬁmina.ry tests (Table 6) on might lighting in relation to fish
beha.viar were conducted at the Naknek weir on July 8, 9, 10, and 14.

- . . It should he pointed out that theinformation in Table 6 is not offered as
- conclusive. These results merely afford indications for guidance in future

investigations.

Although inconclusive, the results seem to indicate that red lighting
is less acceptahle to the fish since anly 18 salmon were counted through the
weir i two. 1/ 2 hour periods where red lighting detices were used. On the
same night a gate was operated without lights, and 77 fish were counted

through ix 5 minntes. O July 9, 10, and 14, during simmltaneouns nocturnal

' counts, “dpprocimately’ 6, 496 red salmon were counted threugh weir gates &
and 7., From this total 95 percent were counted through gate & which was pro-
vided with white light. The remaining 5 percent passed through gate 7 which
which was not provided with artificial light. Djurmal counts through these
gates on July 9, 10, and 14 totaled 69, 227 fish and from this total, 56 percent
passed through gate 7 and the remaining 44 percent passed through gate 6
indicating little preference for either gate under similar Light conditions,

This seems to indicate that white light may actually attract some fish through

the counting gates.

' Bac.kground Panels, Rippledamper, and Electronic Counting Aids

On the Naknek River 4' by 8' bottom background paneling for
silhouetting fish was tried at the weir with apparent success. A length of
six-thread manila line was laced through one edge of a roll of 4' wide 1"
mesh chicken wire and the rope laid towards midstream to a sheave at-
tached to an anchor. The roll of wire was then unrolled from the beach
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Table 5 .—.Comparison of tower and weir estimates of red salmon
iy o . escapement, Nakmek River, 1957

. Difference Percent deviation
BPate Weir Teower in estimates tower from weir

Tune 291/ 6,375 3,040 1,665 26.1
30 7,401 7,560 159 . 2.1
July 1 7,437 7,420 - 17 — .2
2 1,380 728 . — 652 —47.2

3 . 9,831 7,604 - 2,227 —_—22.6

4. 3,704 4,336 632 17.1
5 6, 350 5,284 — 1,066 —16.8
‘61 13,777 12,896 ~ 881 — 6.4

2/ 2,662 3,188 526 19,8

8 93,592 145, 204 51,612 55.1

9 75,436 100, 408 24,972 33.1

10 149,787 136,672 —13,715 — 9.2

11 58,415 61, 256 2,841 4.9

12 32,052 35,104 3,052 9.5
13t/ 17,072 20,708 3,636 21.3

14 21,079 16,600 <= 4,479 ~21.2

15 19, 659 22,032 2,373 12.1

16 5,943 9,324 3,381 56.9

17 16,563 16,788 225 1.4

18 22,411 28, 268 5,857 26.1

19 8,916 9,160 244 2.7

20 &, 203 7,544 1,341 21.6
211/ 10,862 10,764 — 93 0.9
221/ 8,693 9,352 659 7.6

23 4,242 5,208 966 22.8

24 6,228 5,536 -—— 692 —11.1

25 4,887 5,072 185 3.8

26 2,536 2,712 176 6.9

27 1,633 1,880 247 15,1

28 8564 1,152 296 34.6
291/ 2, 647 2,304 — 343 —13.0

30 1,336 1,620 284 21.2

31 1,036 1,000 — 36 — 3.5
Totals 631,001 712,124 81,123 12.8

if Leak found in weir.

154



Appendix D.2, (page 18 of 22)

"AT9M MOTIq E] JO SPURSNOYL, T

m\.ﬁdBm_ L 9¢ 9¢ 09 By ou 00%2
weszjsdn awesy a1ed o3rym 00e?Z ¥1
JTAA0D YIOTd BIYM fapys 9 606 606 09 I e3ym 00b2
wesrisdn swreay sjed ajppa nem g7 0082  FI
.mdmmo 291e3 uoAss !opis . 592 Gu7 09 3T ou 0¥ -
wesdjedn swreay a3ed orym OEEZ 01
Tuedo Ha1ed uwosse topyy 9 9615 9614 09 3437 pooyy (115 24
wearjsdn swery g3ed sypym PITUM J1BM g7 0L 0t
ToPTs L g 6 0zt 37 ou 0010
wreatigdn suwrers uamm\mﬁ%ﬁ 0DE? 6
\Jm.p.u?ou YIe12 991yMm !opty 9 99 62 1 021 B[ a3Tym 0010
weaxigdn oweay 9388 s1pym Hem g7 00€Z 6
posn roued zojEmiapup) T 14 4 0¢ 81y3Y] pax 00¥%2
0etd 8
g1y putiq L 089 85 9 I 9ITyMm 12¢2
01 peaeadde yldrq em og G1¢e? 8
L ¥Z6 LL g 181 ou G0€?
00€? 8
. )L 7t 91 o€ I pea 00£2
G - nem gz 0eZZ 8 Ao
gy IeUIaY TIGLUHU ANOY /YLEiF I yo  g9nura 20an08 Cltia i sre(
o . 2iBD | ISqWINN  I3qUnN Ul QW] WBYT,

LSh1 218 j MPWEN

"UOTIRIFTUI UOUITEE pa i Uo 800TA9D BUTIYAT] Jo 100 =m='q OTqE],

155



Appendix D.2. (page 19 of 22)

and pulled across the bottora to the anchor via the line. This placed the wire
mesh on the stream botiom and allowed it to be pulled out from the bank to any
desired length to reach the migration path of the fish. It is believed that this
method will simplify placement and control of background panels to better

silhouette migrating fish.

Cn the Ugashik River 4f by 8 panels of wire cloth were firmly anchored
to the stream bottom. These panels were painted light green. The following
marine paint mixture was used: 4 gallons of Co-ca-seal, white, 1/4 pint of
Masstone raw umber, and 1 pint of Masstone dark chrome green pigment. The
newly painted panels seemed to irighten some fish., This was rectified by
scattering gravel over the panels, Vith age, the panels seasoned and lost
any odor offensive to the fish.

In addition, a triangular floating "rippledamper' {Fig, 11) was con-
structed of three 8" by 6" timbers upon which are attached vertical slats
(weir pickets), This arrangement smoothed the water surface within and
downstream from the triangle. However, unless the ropes from the "ripple-
damper'' were kept well away from the migration path, they frightened some

fish,

Fig. 11 "Rippledamper' used to smooth water surface
for improving visibility

On the iZgegik River studies on night lighting, background paneling,
and visibility improvement were also carried out. On July 14, four back-
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ground panels were placed on the left bank just below the bank tower. The
panels were operated steadily for 15 minutes from 2330 to 2345, By means
of a rheostat the light intensity was varied irom dim to bright. In addition,
five minute periods of darkness were tried with the panels being switchedon
suddenly. The only fish observed were two which were frightened away when
the lights were first switched on. White light from a flashlight also
frightened numerous fish which wers resting only a few feet from shore.

In addition to the studies on visibility improvement, preliminary ex-
periments were carried out as an aid to future development of electronic
counting methods. Various arrays of stakes and a masonite grid (Fig. 12}
were tested to determine minimuwn spacing that red. salmon will tolerate with-
out diverging from their normal migration path. Single rows of pickets spaced

12" and 18" apart passed fish successfully, A double row of pickets arranged
12 mches apart passed fish less successfully

Panels of 1/4" masonite 12" wide were arranged across the migration
path spaced 12" and 24" apart. The panels were secured in place by twin
2" by 6" stringers on the stream bottom, and twin 2! by 6" stringers immedi-
ately above the surface of the water. Individual panels could be lifted from
the array to increase the width of the openings from 12" to 24",

Fish were reluctant to pass through the grid and veered out into deeper
water and around the array. A 200 foot beach seine was then arranged as a
lead on the outer end of the array with the same results. The bulky top

Fig. 12 Electronic mockup site with array of stakes in foreground
and masonite grid at leff in background
157
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stringer was then removed and stove pipe wire substituted to secure the
panels.” Fish would not pass this array either. Alternate panels were
subsequently removed leaving openings 24 inches in width. The use of the
lead did not increase the efficiency of the array in passing fish.

The masonite grid is considered unsatisfactory in passing fish since
only about five percent of the fish passed through the grid. Results are not
conclusive however, and further testing using an array with more variahle
dimensions is needed.

Influence of Tidal Fluctuations on Migration Patterns

— A& water level recorder was installed in the Naknek River in order to
study the relationship of the tidal influence to migration out of the lagoon area.

Due to the distance from Bristol Bay to the recorder, tidal fluctuations are very

slight.” Although high tides are evident, daily fluctuations are not readily
discernible because a 30 day recording arrangement was used which condensed
daily variations on the chart. In the future the water level recorder will be
placed at or nearer the mouth of the stream, and an 8 day recording ar-
rangeme nt will be used.

A water level recorder was also installed on the Egegik River but
results were unsatisfactory for reasons similar to those given above.

Training of Management Crews

At each of the four operation sites at least one management fishery
aid was integrated with the research tower counting crew and was familiarized
with tower counting methods and technigques.

Concludj_ng_ Remarks

Although the use of towers has been developed to the operational stage,
additional research and development are required to increase their efficiency
and simplicity of use. A thorough statistical analysis of the comparative
accuracy of five, ten and fifteen minute-per-hour counting periods is in pro-
gress and will provide the basis for the length of hourly counting periods re-
commended for 1958.

Available evidence indicates that migration during twilight and dark
hours is a minor and possibly negligible proportion of the total migraticn.
Further study should be given to nocturnal migrations and if the data so
warrant, night counting may be discontinued or reduced and the daily estimates
increased by a factor representing the night migration or by interpolation
between final counts of one day and initial counts of the next.
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ABSTRACT

The methed of estimating red-salmon escapements used from 1955 to 1959 on the
Kvichak River (Alaska) involved taking visually systematic sample counts as the fish
passed observation towers beside the paths of migration. The counts followed a sam-
pling design which Buctuated in extent of coverage with the intensity of the run. This
report describes in detail the method of sampling and calenlating the escapement esti-
mates, summarizes the eoants for each year, and discusses the accuracy of the estimafes
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ESTIMATING RED SALMON ESCAPEMENTS BY SAMPLE COUNTS
FROM OBSERVATION TOWERS

By CLARENCE DALE BECEER, Fishery Biologist

Fisheries Research Institute, College of Fisheries,
University of Washington, Seattle, Wash.

The Kvichak River system of western Alasks
is the foremost producer of red or sockeye salmon,
Onoorhynchus nerka (Walbaum), for the Bristol
Bay commercial fishery. Since 1953, a series of
biological investigations on the red salmon of this
system has been conducted by the Fisheries Re-

search Institute of the University of Washington. |

A major aspect of the investigation has been to
estimate the numbers of adult red salmon which
compose the annual spawning escapement.

The method of estimation developed by the
Institute involves systematic visual sample counts
of the transient bands of migrants, taken in the
main river after the fish have passed through thé
fishery and before they have dispersed throughout
the sprwning grounds. When the numbers of fish
in the commercial catch are added, the total return
can be determined. In addition, when the data
are coupled with age analysis of scale samples from
both the catch and the escapement, accurate esti-
mates can be made of the number of gdults in each
age group returning from a given year of spawn-
ing and from a given year of seaward migration.

It is the purpose of this report to: (1) describe
in detail the counting method, (2) summarize the
counts from the years 1955 to 1959, and (8) discuss
the factors influencing the estimation. The tech-
niques discussed are the results of 5 years of re-
search on the Kvichak.

This method of estimating a salmon escapement,

from tower counts made from observation towers
in Bristol Bay, Alaske, was proposed by W. F.
Thompson in the spring of 1953, and he organized
the initial experiment on the Wood River in that
same sununer { Fisheries Research Institute, 1955;
Thompson and Claney, 1959). The suceess of this
method prompted repetition the following year,

Note—Approved for publicuticn Jan. 30, 1961, Fishery Bul-
letin 102,

with expansion to the Kvichak River system in
1958, In 1956 and 1957, the Bureau of Commercial
Fisheries, U.S. Fish and Wildlife Service, com-
pared estimates from tower counts with those from
the weirs on the Egegik River and found insignifi-
cant differences in total numbers of fish {Bureau of

. Commercial Fisheries, 1956 and 1957). In 1957,
for the first time the escapements to all major red

salmon streams in Bristol Bay were assessed from
intermittent visual counts made from towers along
the river banks.

The Kvichak River is about 57 miles long, drain-
ing from Iliamna Leke and following a twisting
course through flat tundra country before lowing
inte Kvichak Bay (fig. 1). Tts lower 43 miles is
influenced by tides and the river has a mean depth
of about 10 feet. From the hesd of tidewater, a
broad area of numerous shallow channels called
the Kaskanak Flats extends upriver 8 miles. From
the flats to the outlet of Iliamna Lake, a distance of
4 miles, the river is restricted to a deeper channel
that contains a few islands and gravel bars.

The system drains & watershed of 7,700 square
miles, which includes a profusion of lakes and
connecting or tributary streams, Iliamna Lake
alone is 77 miles long and from 8 to 20 miles wide.
Clark Lake, connected to Iliamns Lake by the
Newhalen River, is 52 miles long and from 1 to

. 4 miles wide (U.S. Army Corps of Engineers,

1957). Extensive red salmon spawning grounds
are distributed in streams, in spring ponds, and
on beaches throughout the area. '

As the Kvichak River empties into the ocean it is
joined by first the Alagnak and then the Naknek
River. These streams each sustain their own
populations of red szlmon, which mix as they
arrive from ocean feeding grounds and encounter
the commercial fishery in the Kvichak-Nalnek
distriet.
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KASKANAK
FLATS

KVICHAK RIVER

NAKNEK RIVER

FISHERY BULLETIN OF THE

FISH AND WILDLIFE SERVICE

CLARK LAKE

iy

NEWHALEN RIVER
ILIAMNA

WESTERN ALASKA
KVICHAK RIVER

Frcure 1.—Kvichak River systetn: one of the principal spawning areas for red salmon in the Bristol Bay regiom of
wesbern Alaska,

The Kvichak-Naknek district is one of several
areas in Bristol Bay in which commerical fishing
is permitted. The fishery came into large pro-
duction at the turn of the century. Continuous
catch and pack records since that time show tre-
mendous fluctuations in abundance of red salmon
from year to year. These fluctuations have
formed a ¢yclic pattern with peak eatches usually
oceurring every 4 or 5 years. From 1910 to 1958,
the average annual catch was 9 million fish. The
peak catch was taken in 1938 when 21 million red
salmon were supplied to local canneries. Sinee
1938, however, the cycles tended to decline, and
the catch reached a 60-year low of 923,000 fish in
1958.

Accurate estimates of escapements into the
Krvichak River system are lacking for the years
prior to 1955. In only one year was the entire
escapement counted : in 1932, when the Bureau of

166

Fisheries passed 5,065,000 salmon through a weir
on the upper river (U.S. Bureau of Fisheries,
1983). Continued enumeration by weirs proved
impractical because of excessive costs of construe-
tion and maintenance, hence, their use was
discontinued.

Catches have been used in some areas as indices
to escapements. But catches in the Kvichak-
Naknek distriect include fish destined for the
Kvichak, Naknek, and Alagnak Rivers, and to a
lesser extent, the Egegik River. In addition, year-
1y changes in the distribution of gear, the intensity
of the fishery, and contributions of the various
runs, all vary the relation between catch and es-
capement. For these reasons, the catches are poor
indices to red salmon escapements up the Kvichak
River.

Estimates of the numbers of salmon on the
spawning grounds, obtained from aerial surveys,
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RED SALMON COUNTS FROM OBSERVATION TOWERS 357

have alsc been used as means of determining the
escapements. However, detailed surveys of the
numerous and widely distributed spawning areas
of Iliamna Lake in the past 5 years have failed
to reveal more than 20 percent of the estimated
totel Kvichak migration as determined from
observation-tower counts. This percentage has
varied from year to year; also the relative number
of total spawners in each major spawning area
has varied from year to year, irrespective of the
size of the escapement, Hence, indices based on
counts of spawning fish in the Kvichak River
system appear to be highly unreliable.

METHOD OF OBSERVATION

The sample-count method of estimating escape-
ments is based on the migratory habits of red
salmon as they move up the river toward the area
In which they originated. Salmon first appear in
the Kvichak River the Iatter part of June and
continue to pass upriver throughout J uly, with a
migration peak oceurring near the middle of the
month. Onece in the river the fish seek places where
currents are reduced. Since areas of low currents
are usually found near the bottom and nest to the

banks, the migrants follow restricted paths close

to the shore where they can be readily observed.
This habit is quite consistent in sections above
tidewater where the river is confined to g single

channel and where there are swift midstream'

currents.

Ithas been found that current velocities 6 inches
from the bottom at the sites where the counts are
taken range from 1.55 to 2.13 £t a second, while
those 8 inches from the surface range from 2.34
t0 3.34 It. 2 second. In 1959, the migrants passed
upriver at an average relative speed of 1.52 ft. a
second against the bottom currents.

Varying water levels influence the paths taken
bythe fish. Red salmon generally follow the banks
more closely when the water level is high because
of the relatively greater ares of deep and quiet
water close to shore. Kvichak water levels at the
first of July have varied more than ¢ feet from
year to year, and usnally rise from 8 to 14 inches
during that month.

Fish appear in small separate schools when the
size of the run islow. Asthe magnitude inereases,
the schools become larger snd extend until the fish
are passing in continuous bands. The separate

schools behave somewhat erratically, but when the
migration intensity is high the fish are less wary
and follow the banks more closely. The direction
of migration is usnally continuously upriver.
Only a few fish return downstream at the Kvichak
counting site, and these occur invariably near the
end of the migration. Slack water areas and
sloughs are utilized by some individuals to res.
These fish commonly bear injuries from gill nets
and predators in the ocean.

From extensive beach seining the Kvichak River
escapements have been found to consist almost
entirely of red salmon. Other species of salmon
oceur in the seine samples largely near the end of
the migration, and malke up less than 0.5 percent
of the fotal escapements. The other species are
omitted from the counts when identified from the
towers, and therefore the possible error caused by
including species other than red salmon is very
small.

The visual counts are taken from towers erected
at suitable Jocations, aided by use of background
panels to sithouette the fish, turbulence reducers to
smooth the surface, and other special counting
aids. Once all migration paths can be observed
clearly, it is relatively simple to count during sam-
pling periods of predetermined length and to
estimate the total escapement with a high degree
of accuracy.

Tower Locations

The migratory habits of the fish and the physi-
cal characteristics of the Kvichak River limit the
number of suitable sites for observation towers.
The river below Kaskanak Flats is turbid and sub-
ject to tides that periodically reverse current flow.
Migrants filter through the channels of the flats
In numerous locations. Consequently, the most
practical counting sites are limited to the area
above the flats, The counting sites selected are
near the outlet of Iliamna Lake close to the village
of Igiugig and more than 50 miles upriver (fig. 1).

For peak efficiency, towers should be located
where the moving bands of fish are constricted in
width and pass without deviating from near the
base of the structures. Since the river near Igiugig
is split by an island, three towers are required
(fig. 2). Towers No. 1 and No. 2 provide for
sampling of the two primary paths in the main
channel, which has a width of 380 feet and a
maximum depth of about 16 feet. Tower No. 3
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covers a shallow secondary channel through which
the fish migrate when the water level is high. No
fish passed through this secondary channel in 1857
and 1959 because of low water levels. The heav-
iest runs generally pass at tower No. 1 where a
steep gradient and swift midstream currents tend
to hold the salmon inshore where they pass in a
narrow band., At tower No. 2, the gradient is
more moderate and currents are reduced. Conge-
quently, the fish spread over a broader area, par-
ticularly after the tower has been erected.

Tower No. 1 was constructed from spruce tim-
bers on the right (west) bank of the river. Tower
No. 2 was afloat, constructed of aluninum scaf-
folding and assembled on two skiffs which were
lashed together and anchored off the right side of
| an island and on the left (east) side of the river
(fig. 3). Tower No. 3 was also of aluminum seaf-
folding, and was located on the left (east) bank
where the entire secondary channel c.ould be ob-
served.

8 BARS QR SHALLOWS

MIGRATION PATHS

B COUNTING TOWERS

LEFT (EAST) BANK

Fratax 2. —Tower sites and paths of migrating fish on the
Evichak River, near Igingig.
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During sunny, calm days when the water is
clear, salmon can be seen at any point in the river
between towers No. 1 and No. 2. Only occasion-
ally have they been seen near the middle and then
never in a migrating band. Hence, we are con-
fident that the salmon seen near the towers repre-
sent closely the entire migration passing at a given
time.

Background Panels

Since fish blend with bottom contours making
accurate counting difficult, panels were installed
on the river bottom at the towers to silhouette the
salmon passing. The blending is particularly
camouflaging under conditions of semiturbid
waters, overcast skies, and distorted river sur-
faces. The panels were painted a light gray to
make the salmon visible under all but the most ad-
verse conditions, As a rule, the fish will pass
readily over any panel of dark or dull tones in
preference to panels of bright tones. Such panels
are particularly important for counting fish at
night when artificial lights must be used.

In addition to revealing fish, panels must not
startle the migrants, must be easy to install, and
must resist deterioration in the current. Panels
of 16-gage woven-wire screen of 14-inch mesh have
proved satisfactory. These panels are 3 feet wide,
10 feet long, and reinforced along the edges by
1-inch iron pipe (fig- 4). When placed in posi-
tion, the panels extend out and downstream across
the migration paths. Stakes of 34-inch iron pipe,
18 inches long, are driven through metal loops to
hold the panels in position.

Turbulence Reducers

Surface distortions resulting from rain, wind,
waves, and bottom contours detract from accuracy
of counting by reducing visibility. Turbulence
reducers, an arrangement of boards and logs uti-
lized to eliminate surging currents and wave ac-
tion. (fig. 5), are used to smooth the surface of
the water over the panels so that the migrants
can be resdily seen. The wooden float is on the
surface of the river immediately upstream from
the panels and should not startle the fish by bob-
bing in the current or with vibrating anchor lines.
Normally 4 feet of water is necessary before ﬁsh
pass underneath undisturbed.
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Figure 3.—Tower No. 2, the ficating tower from which migrating red salmon were counted on the Kvichek River.

apart to straighten subsurface currents. The lat-
ter type was originally developed and tested by
the Fish and Wildlife Service on the Naknek River
in 1957.

Experiments to Improve visibility have also
been conducted with a transparent plastic sheet
which trailed on the surface of the water. The
sheet smoothed the surface and-did not disturb
the migrants under moderate weather conditions,
but rain, winds, and waves destroyed its effective-

ness. g

Counting Aids

Accuracy of counts was further increased by the j
use of (1) Polaroid glasses to reduce sun glare 1
and surface reflection, (2) hand tailies to record

Fieure 4.—Background pane! used on river bottom to
silhonette passing fsh. Pin and driving rod in fore-
ground. (Photograph by E. ¥ Marten.)

I e T

Three types of turbulence reducers have been
used. The simplest was a log placed diagonally
across the current. The second was a Iarge V-
frame, constructed from two or more timbers and
placed with the apex upstream. The third and
most. efficient. was a modification of tlhe second, in
which the effectiveness was increased by adding  mguge 5.4 large turbulence reducer without vertical K
vertical pickets about 18 inches long and 3 inches pickets smoothing an aren 40 feet wide. '
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the migrants quickly and efficiently, (3) audible
timers to limit the counting periods precisely and
eliminate the need of watching a clock, (4) guid-
ing devices to lead the migrants over the panels,
and (3) spotlights to assist in night counts.

ESTIMATION OF THE RUNS

The sampling procedurs was designed to ob-
tain a reasonably accurate estimate of the total
escapement while staying within the limits of both
manpower and budget. Most of the information
on which the initial sampling plan wis formulated
was known from previous observations of red sal-
mon moving upriver and through weirs. Usually
the major peak of the migration occurred in a day
or two, although it was often preceded or fol-
lowed by minor peaks. There were usually
marked variations in numbers of fish from day
to day and throughout a given day. In some lo-
cations near the fishery there were also marked
changes in the numbers with the opening and
closing of the fishing periods or with changing
tides. It has since been noted at Igiugig on the
Kvichak River that the heaviest runs usually ap-
pear along one bank at a time, with comparatively
small numbers of fish passing along the opposite
shore. The major path of the run changes er-
ratically during the season and from year to
year, but once a heavy run develops along one
bank, it is usually maintained for several days.

A typical migration up the Kvichak River was
counted continuwously on July 18, 1955, in front
of tower No. 1 (fig. 6). The fluctuations during

10 Mipuse Count

Numbar of Red Salmon /)

[} T T T T T T T T T
o000 G20 DR  GGOD 0BOD 1008 260 MO0 IGROD if8 2000 2208
Hours

FieusE 6—Numerical fuctuations In migrating red sal-
mon, from iQ-mingte contingous counts taken on July
16, 1953, at tower No. 1.
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daylight ranged from about two-thirds of tharv
mean of 507 fish each 10 minutes to about one ¢
and one-half times the mean. With such varia-
tions, it is desirable to sample every day and f
within each day to use a large number of short s
counting periods equally spaced in a systematic
fashion. ' _
Since the magnitude of the escapement fluctn-
ates greatly, even in successive 10-minute counts,
the estimates calculated from the samples are
basically point estimates. A single count depicts 'r]
accurately only the number of fish that happens *
to be passing at the time. Frequent counts depict
accurately only the number of fish passing when f]
the counts were taken, yet they are closely related
to the total numbers in the fluctuating population.
As a result, the daily estimates obtained from the
counts approximate the numbers of migrating sal- ,
mon, with the accuracy depending on the magni-
tude and frequency of the fluctuations and the
frequency and duration of the sample counts. :]

Method of Sampling

The basic sample unit used in 1957, 1958, and
1959 consisted of 10-minute counts taken system-
atieally each hour from each tower. The initial
sample counts in 1955 were of 2 hours’ duration and
taken every 4 hours. In 1956, counts were even-
tually reduced to 40 minutes and were taken every
3 hours. But the 10-minute counts were found
most practical to obtain and to use in calculating
the estimate. Any sampling procedure will be
improved if it is flexible enough to permit in-
creases or decreases in the degree of coverage with
the intensity of the migration. Consequently, at
the beginning and end of the migration the counts
were taken every 2, 3, or 4 hours. Also, at the
peak of the migration or if a heavy run com-
menced along one bank, counts were increased
to 15 or 20 minutes. This flexibility placed em-
phasis on increasing the accuracy of the total esti-
mates by concentrating the counts on the periods
with the heaviest escapements. .

Counts werse taken by natural light as early in
the morning and as late at night as possible. The
hours of darkness normally extend from 2300 to
1200, but often vary from day to day depending
on the extent of sky overcast and the season. Aec-
curate night counts depend on seeing the fish by
means of artificial light from spotlamps. The
intensity of these lamps was controlled by a rheo-
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stat; however, when the lights were sufficiently
dimmed so that the salmon passed without hesita-
tion, the counts were not so accurate as desired.
Consequently, night counts were taken from only
one tower in 1957 and not at all in 1958. In 1959,
night counts were successfully obtained through-
out the season by using a single, bright spotlight
focused outside of the panels from the top of the
towers. The fish passed in the dim area inshore
from the spotlight and could be seen satisfactorily
when crossing the background panels. Amber
and red lenses were used experimentally in 1957
to determine whether the salmon would tolerate
high illumination intensities when the lights were
colored. The colored lights caused stronger avoid-
ance reactions than dimmed white lights, and also
were less penetrating in waters that were moder-
ately turbid.

The tallying procedure varied with the intensity
of the migration. Fish can be tallied separately
when the number passing is fewer than 950 per
minute. After the run exceeds this quantity, fish
nust be tallied by estimating groups of 10. Heavy
runs requiring such grouped counts occurred only
near the peaks of the larger escapements, such as
the ones that occurred in 19568 and 1957.

Method of Calculation

The calculating procedure for estimating num-
bers of red salmon utilized the sample count as
an estimator of the number of fish passing in a
given unit of time. Therefore, with 10-minute
counts taken hourly, the estimate of numbers of
fish passing a tower is the produect of multiplying
the count by six. Daily estimates are the sum of
calculated hourly estimates for all towers, and the
seasonal estimate is the sum of all daily estimates.

‘Whenever systematic counts ceased at night or
when the waters were turbid with ‘sedirent, the
number of fish passing has been determined by
averaging the counts preceding and following the
periods with.no counts. The estimate has been
calculated by multiplying this average by the ap-
propriate time factor.

Results

Estimates for Kvichak River escapements have
varied widely from year to year, as would be ex-
pected from the eyelic nature of the runs and the
changing intensities of the commercial fishery.

TaRLE 1.—Kvichak duily estimotes of red salmon escape-
ments, 1955 through 1959

Date 1955 1856 1957 1958 1859
________________________________ 308
.................................. 523

B 0 307
- I O 0 o
.1 I 0 212
3 7,387 U1 014
&9 4,987 ] 415
263 2,922 53 1,133
229 9, 305 515 448
342 55,827 582 1,088
311 51, 787 174 588 -
an 52,332 1,485 364
3 82, 780 980 1,152
11, 280 60, 394 153 7,872
10, 256 70,371 128 48, 612
3, 063 48, 245 48 51,7268
75, 851 485, 703 328 48, 780
124, 163 83,278 | 161,108 30, 758
221, 05 56,435 | 148 760 12, 524
268,179 133,815 44 945 18, Ga7
268, (48 269,310 | 24 802 32, 827
475,303 B58, 104 3,575 21,285
438, 944 461, 861 2,241 52,818
583, 882 71, 154 3, 66 88, 226
694, 574 147,480 | 43,458 50, 864
923, 007 428 | 47,550 55,348
1,053, 553 56, 012 5 048 23 368
930, 574 30, 330 1, 530 16, 003
wis ER B o
4 5
606, 643 37,966 2673 8,140
440, 420 28, 320 834 5, 637
288, 795 13,152 2,130 5, 631
212, 571 25,612 2 o7e 8,801
154, 809 14, 537 939 1, 514
98, 485 357 2,118
86,573 1 8¢, 408 543 2,189
87, 61§ ] 2, 502
25,100 [ oo 384 1, 800
20, 353 381 360
15,996 [ e, g, 216
14, 558
5,676 —
8,443,516 | 2,842,810 | 534,785 | 680,000

1 Estimate for July 26, 27, s0d 25 based on irregulsr daytime samples.

* Estimaled late season migration.
These totals for the past 5 years were: 250,546
in 1955; 9,443,318 in 1956; 2,849,810 in 1957;
534,785 in 1958 ; and 680,000 in 1959.

Daily estimates for thess years are listed in
table 1, and 2 graphic comparison of the daily
escapements thus obtained is presented in figure
7. The escapement of 1956 was the largest red
salmen run ever counted moving upriver in Alas-
lea. The escapement of 1955 undoubtedly was one
of the smallest noted in the history of the Kvichak
River gystem,

The significant part of the Kvichak River
escapement has always passed the Igiugig towers
within approXimately 3 weeks (table2). The peak
varied from July 8-9 in 1958 to as late as July 17
in 1956. The end of the runs, defined as the points
where the daily escapements are less than 1 percent
of the fina] total, are relatively unimportant to
the total estimates. Small numbers of fish usually
continue upriver even after the counts are termi-
nated. Earlier, before the counts commence in the

I71



Fieuse T.—Dally escapements of red salmon up the
Kvichak River, 1955 through 1950,

spring, a few fish migrate upriver; adult red sal-
mon have been reported taken in gill nets on upper
Iliamna Lake as early as June 6.

There has been no apparent correlation between
the duration and the size of the escapements. The
main part of the small 1955 and the large 1956
escapements each passed in 19 days, and neither the
start nor the end of the migration in the 2 years
was more than 3 days apart.

FACTORS INFLUENCING VISUAL COUNTS

To a large extent, the accuracy of the basic
sample counts depends on (1) individual counters,
(2) migration intensity, (3) weather conditions,
and (4) disrupted migration patterns. Once the
relationships of these factors to the counts are
recognized and understood, they can be taken into
consideration in improving the counting method.

Errors Introdaced by Individual Counters

Counting errors are known to result from indi-
vidual differences in seeing, counting, and record-
ing numbers of passing salmon. In 1957, 32 counts
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1000+ f‘i TaBLE 2.—ize and timing of Evichak red salmon escupe-
i \ mente at Igiwgig, 1955 through 1958
5001 1988 —— I ‘ Timing of 95 percent of the escaperent
1956 —.m i . Bize of P l
200 1.7 S [ o “mekt | st Peak Stop | Range
1986...... I ' (deys)
7001 19— ,' i-\ Tiai ey A B
] h A July 12-14___| July 21 2
; oo AR
% 6007' f i
- !
& / ! :
y 5004 i 1 of 5 minutes’ duration were taken by 2 observers
g i "t counting simultaneously from the same tower.
g 400 i\ . One counter (A) participated in all counts, while
& 4 3 i the other counter was taken from a group of three
300+ ? 1 ; men designated XYZ. The data obtained are
/ ',‘ i \-,‘ listed in table 3, where the difference in nurnbers of
. 200 i \ fish counted by XYZ is expressed as & plus or
\ ' minns percentage of variation from A’s count.
1001 The range of variations between the 5-minute
counts of A and one of the other three counters ex-
i tends from —22.1to +17.9 percent. By combining

two consecutive countsto form standard 10-minute
counts, the range is shortened from —7.8 to +10.7
percent. Further reductions occur when the
counts ars totaled and the differences calenlated.
For the two groups of 5-minute counts, the total
differences are but +3.5 and — 5.3 percent, respec-
tively., The totals of all 382 counts differ by only
—1.0 percent. Consequently, errors occurring in
counts between paired observers, operating under
a variety of ohservation conditions, tended to can-
cel out. Such counting errors, therefore, appar-
ently occurred randomly and probably did not
bias estimates of the escapement.

Errors Associated With Migration Intensity

As intensity of the migration increases, fish must
be tallied more rapidly. An increase in migration
intensity might indicate an increase in counting
errors. The comparative data (fig. 8), however,
show only a slight correlation between migration
intensity and percentage of counting variation,

‘even though greater variations in total numbers of

fish counted did oceur. This indicates that counts
taken during increasingly heavy runs do not neces-
sarily inject an increasing number of errors into
the calculations.

The five comparative counts with extreme varia-
tions exceeding a plus or minus 10 percent ap-

J



Appendix D.3 (page 13 of 19)

RED SALMON COUNTS FROM OBSERVATION TOWERS 363
PARLE 3—Comparison of counts during the some period by different observers
Number of fish coumted Percentage veriation
1957 Tower No. Time Counter 4 Counters XY2Z
) 10 min,
. 5 min. § min, (total)
5min, § min. 10 mix. & min, 5 min. 10 min.
{total) {total)
Tuly 9. b PR 8 9 T2 66 9 73 +4.8 0.0 +4.2
| IR, 1 19000 | por -1 SR 212 b1 I N =7.0 ~7.0
: 2 1515 1,020 260 1, B80 1,100 880 1,980 +7.8 +2.3 +5.1
12.... 1 500 631 830 1,311 720 00 1,420 +14.0 +28 +8.2
2 1515 700 400 1, 300 650 620 1,270 -1.1 +3.3 ~2.3
1 0715 306 658 985 327 574 901 +6.8 —12.9 —6.8
13 e 8 1020 260 950 1,910 1,020 740 1, TR +8.3 —22.1 —1.B
W i 0800 688 745 1,433 658 03 1,361 —4.4 —5.8 —5.1
2 W15 487 5o o7 574 530 1,104 +17.9 +3.% +18.7
1 1700 700 | - 853 1,413 735 560 1,315 -0.7 -14.2 —5.8
2 1715 413 40 853 395 Pres 238 —4.4 -7 —L7
15 cemeas 1 1860 93 76 ie0 a2 75 187 «1.1 —13 ~1.2
2 1915 280 285 565 276 235 561 —14 0.9 —0.7
1. Y 1 1708 |oeo . 0 [ I &7 [ —4.3 —4.3
2 1715 1% 94 284 190 9% 298 0.0 3 +L4
1 170G 6 80 a8 34 48 a2 —5.8 . —4.7
2 1715 18 106 124 18 0 117 B0 —6.6 —5.9
Total Jas 8,645 7,015 13, 660 B, 875 6, 43 13, 518 +3.5 —53 ~1.0

peared when the migration passed 450 fish per
5-minute interval, but even these errors followed
a random pattern and tended to average out.
However, because of the greater magnitude and
importance of these errors, it is imperative to in-
crease the number of samples taken with an in-
crease in intensity of the run. This greatly in-
creases the reliability of the calculated estimates.
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Froure. 8.-—Relatlon between migration imtensity and
variations belween counters.
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When extremely heavy runs occur and samples
must be obtained by estimating groups of 10 fish,
counting errors are undoubtedly greater than
when individual fish can be tallied. Heavy runs
requiring such counting procedures are infrequent
and usually occur past one tower at a time. Omn
the Kvichak River, such runs appeared only dur-
ing the intense 1956 escapement (July 11-21) and
briefly in 1957 (July 12-14).

Effect of Weather Conditiona

Sun glare, overcast skies, wind, and rain lower
visibility and increase the difficulties of obtaining
accarate sample counts. Glare may be trouble-
some during a 4-hour period daily when the sun
is bright and low over the water. Overcast skies
impart a dull appesrance to the surface of the
water, while upriver winds and rain disturb the
surface and thereby distort the outlines of objects
under the surface. The effects of these adverse
conditions, combined with the normally turbulent
water surface, make turbulence reducers essential.
Ther, with the aid of Polarcid glasses, the ob-
servers can count the passing fish accurately at
almost any part of a given day.

Moderately turbid water, which oceurs irregu-
larly throughout the season, is the most important
factor affecting the accuracy of the counts. This
turbidity is the result of heavy breakers against
the beach at the outlet of Iliamna Lake, which
oeccur with strong east winds. The pounding
causes excessive amounts of silt to be suspended
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in the water whick then flows dowhriver and re-
duces visibility at the tower sites. Occasionally
the point is reached where counts are not possible.
This is discussed as high turbidity, under the sec-
tion on “Accuracy of the Estimates.”

When the water is moderately turbid, the vari-
ation between comparative counts might be ex-
pected to increase. Yet the data presented in
table 4 show that the variation between compara-
tive counts taken in moderately turbid water was
less {+ 1.7 percent} than those obtained in clear
water (—3.0 percent). This suggests that mod-
erately turbid water did not increase the counting
variation between two counters. It does not indi-
cate that both counts were as accurste in turbid
water as in clear water, especially on the fringe
areas of the migration paths.

Effect of Disrupted Migration Pattern

Migration past a tower is momentarily dis-
rupted as the fish scatter into deep water when
the skiff bearing the counter arrives. While the
fish soon re-form their ranks and resume an zp-
parently normal migration pattern, it is possible
that commencing the counts as soon as the counter
is ready would inject directional errors.

A test of the timing of the counts to the time
of the counter’s arrival wes made in 1957 by com-
paring the first and second 5-minute counts of
841 samples (table 5). In most instances these
counts were started as scon as the counter had
tied the skiff, climbed the tower, and readied his
equipment, & period of 1 or 2 minutes. Since the
first count was higher than the second almost one-
half the time, ie., neither consistently higher nor
lower, the counts were probably not biased. The
time required in preparation to commence the
counts, therefore, is evidently sufficient for the
migration to assume a normal pattern.

TasLE 4~~Fffect of turbid water on count veriation

Numbar of fish counted in-—

Counter Clear water Maderstely tarbid water

lat 5 215 Total It 5 2d5 Total
minntes | minutes minates | minutes

ACCURACY OF ESTIMATES

Estimates of the total migration are subject to
statistical error because of periods when the conti-
nuity of the samiple counts is interrupted, and
because of fluctuations in abundance of fish from
one counting period to another. At present we
can only guess at possible bias that may accrue
becanse of interruptions in the counts, but we can
estimate precisely the possible statistical error for
fluctuations of abundance. For example, it is pos-
sible to caleulate confidence limits for each annual
escapement. to determine the reliability of the
sampling program. In addition, various mathe-
matical tests can be applied to determine the effects
of changes in the length of the samples and the
interspacing periods.

Effect of Interruptions in the Counts

Interruptions in counting have occurred because
of high turbidity wher no fish can be seen, also
because of darkness, especially before satisfactory
Lighting was developed.

Highly turbid water occurred 10.9, 3.7, 8.1, 6.2,
and 5.5 percent of the time in the years from 1955
to 1949, respectively. Once the river becomes
turbid it normally remains i that condition for
at least 24 hours, because the water takes about
8 hours to clear after the east wind ceases. The
periods when high turbidity prévailed, in relation
to the magnitude of the escapament each year, are
shown in figure 9. Only in 1957 did the water
turn highly turbid when a heavy migration of red
salmon was passing the towers.

Beach seine hauls have been obtained occasion-
ally to provide relative indications of migration
intensity in turbid waters. These hauls are prob-
ably miore effective in turbid than in clear water
because of inability of the fish to see the net. Yet,
catches were low, indicating a low migration in-
tensity. A systematic comparison of haulsin clear
and in turbid water was made in 1958, where the
average catch per haul along the right bank was
compared with the estimated number of fish
migrating past tower No. 1 (fig. 10). The curve

formed by this relationship indicated that few -

fish were migrating in the highly turbid sater.
Therefore, calculations of the migration for the

s | Ree| LE 2% | res| 2% period of turbid water, bused on an average of low
Pereent counts immediately preceding and following the
vaation| L8[ 8L -R00 483 L4 BT gnhig period, were basically correct.
174
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TasLE 3.—Relation of 1st S-minute counts to 84 S-minule counts, Hvichek River, 1957

Category

Counter
Total

D E F a H I

1st count {high)
2d count (%'h)
Number thmes counied

2L
B

185

a7

177 118 14 15 a1

o

Percent 1st count high 58, 0.3

5.0 9.7 48,

=

45.6

Bew

0| =en
-]
=

= | Bay
2

"~

48.3 2.9 33,3 4l

Night counts were not taken in 1958 because of
difficulty in counting the fish and the questionable
accuracy of counts made under floodlights. In-
stead, estimates were made on the assumption
that the migration was constant between the last
evening count and the first morning count. The
total time lost to sampling by omitting night
counts each day was 4 hours, 2300—0200. Esti-
mates of the escapements bssed on systematic
night counts in 1957 and 1959 from tower No. 1
were compared with those calculated by averaging
the 2200 and 0300 samples (table 6). In both
instances the escapements test-calculated by omit-
ting night counts were high, 6.8 percent for the

30_
201 1855 m Highly turbid
(250,544 Totai) waler
10
—
0 T T T
1956
1 (9,443, 388 Total
E 54 3 otal)
LE': 0 T T T 7 T T
3 1957
8 97 (2,892,810 Tora
3 0
- b
)
§ 204
§
q 10-
-
9] ¥ ™ T T T T T
1959
10 (880,000 Total)
-
0 T T T T T T H
30 4 8 12 | 20 24
June July

Freves §.—Relationship of periods of high turbldity to
red salmon escapements, Evichak River, 1955 through
1559.

70~ @ Hauls made in clear water
© Houls made in highly turbid woters

75
Averoge Number of Red Saimon / Seine Houl

Calcvlatad Escopsment per § Doy Past Tower No,/
In Thousonds

Freure 10.—Relation between average numbers of red
saimon caught per seine hagl and the caleculated number
of fish passing tower No. 1. Dats computed on a %-day
basis, Evichak River, July 7-17, 1958,

larger 1957 run and 34.6 percent for the smaller
1959 run. Consequently, it is necessary to obtain
night counts whenever possible to maintain a high
degree of accuracy in the estimates.

Population Fluctusations

Fluctuations in numbers of migrating fish from
season to season, from day to day, and from hour
to hour, are characteristic of Kvichak River
salmon runs. Seasonally, the fluctuations have
ranged from 14 to 914 million fish. Daily fluctu-
ations were clearly defined in small escapements,
less defined inlarge runs.

However, fluctustions taking place between
counts are of the greatest importance to the esti-
mates of the escapement. The greater the fre-
quency and magnitude of fluctuations from one
sample to the next, the more the calculated esti-
mates are likely to deviate from the true popula-
tion passing upriver. Fluctnations from sample
to sample and between samples are the result, to
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a large extent, of the schooling habits of the fish.
These schools are particularly noticeable when
the migration intensity is low, but even during a
heavy run wide fluctuations in numbers continue
to oceur.

TapLE B.—Deiermination of possible error from omifling
all night counts from lower No, I, 1857 and 1859

Night estimate
Percen Percentage
Year A. Byeox- | B.Bysver- _emr?ga BrTor in
ng aging 2200 | method daily
Bouwrly and 0300 i astimates
smples samples
(msed) {tested)
L R 198, 441 211,94 ~+8.8 +1.4
1868 - 51, 454 69, 240 +34. 6 +6.9
Total___...| 244, 395 281,184 +12 5 +2.5

The width of the confidence intervals associated
with a point estimate is influenced directly by the
fluctuations in numbers of fish. The width of such
intervals can be decreased by an increase in sam-
pling time, especially by inereasing the number of
samples but also by expanding the length of the
sample unit.

Confidence Limits of the 1959 Escapement

Confidence limits wers determined for point
estimates of the annual red salmon escapements.*
The method was applied to the 1959 counts to illus-
trate the procedures and to point out the accuracy
achieved by the present sampling methods, The
counts were of 15 minutes’ duration and were taken
every 4 hours early in the sezson. A changse to
10-minute counts taken hourly was made on June
29 as the migration increased. Daytime counts
were increased to 15 minutes, some to 30 minutes
or more each hour, near the peaks of the escape-
ment. Then all counts were reduced to 10 minutes
and taken every 4 hours nesr the end of the run.

Before confidence limits can be caleulated, the
season must first be stratified, since the variance
in the counts is associated with the mean numbers
of fish for each segment of the escapement (table
7}. The total migration season from which the

17he principal procedures hove been ueed previously by O. 4.
Mathisen In anpalysis of Wood River escapeinent estimates: A
Stratified . Sampllng Program for Visual Tower Counting, 1857.
Cniversity of Washington, Fisheries Research Instiute, Seattle
(Wash.}, Marnvseript. Modificationg In this procedure for &p-
plication to Evichak River data were made with the assistance
of C. 0. Junge, Jr,, of the Fisheries Resenrch Institote.
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four strata were drawn extended from noon, June
21 to August 1, a total of 39.5 days. This is equiva-
lent to 79 days of total counting for the two towers.
As intended by the sampling plan, an increase in
the percentage of sampling time occurred with
each strata in proportion to its numerical impor-
tance; 7.8, 14.1, 22.1, and 24.8 percent with strata
I to IV, respectively.

It is assumed that the sample counts were taken
randomly throughout each stratum regardless of
some extended eounts or oecasional gaps and wers,
therefore, representative of the stratum from
which they were taken. The preliminary caleula-
tions for the determination of the confidence limits
are summarized in tables 7 and 8, where—

N=total number of sampling units (10-
minute counts).

P=total fish passage (population).

N,=total number of sampling units in the i**
stratum.

n=total number of samples (10-minute
counis) obtained.

n;=total number of samples obtained in i

stratum.
X.;=number of fish in j* sample in i®
stratum.
X:=mean number of fish per sample in it
stratum from—
. 22X,
X¢=’—*

Ty

S?=variance of the samples in i** stratum from—

()
2
n,—1

Si=
. . N,
Each stratum is weighted by W= The

weighted mean (f ) and the associsted. variance

o
S -:f) are then calculated from—

2 ST Nty 2 <ppra. g

- L2 Lo e € &2 £ 2 ¢y &£y o
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TABLE T.—Rfratification of ihe Hvichak escapement in

Average Number { Number
Strats | nomber Date and site of sampling | sermples | Percant
fish eseapement in stratom units |obteined| mn:
eounted ! (N3 {0:)

) —— 0-20 | All npitx from Jane 21 to £ 912 M0 7.8
July 30 other than .
noted.

s e Ty 7 A

', ] -
Tower No.2: faly 12,17, || 157 4| 141
14, 21, 2,

T 80220 Tgref{NO. 1 Tuly 8, 7,

Tower No.2: July &, 6,7, || +72 o I
B, 5,10, 14, 16,

Iv.._.. 260-500 | Tower No. i Tuiy 5, 13,

14,15, 16. BG4 n¢ 24,8
Tower No, 2 Tuly 15....
N=]l, 376' Bl 400 L.l

1 Determined s 10-minuts connts for uniformity of calenlation.

The final caleulations of the confidence limits,
with the level of significance set at 95 percent
(¢=1.96), are made from—

&, £>=N[fﬂ.os \/ 2 (W3 C%E) (M ]

~11,376 [ 60.62:£1.96 V5]

=689,613+ (11,376)(1.96)(+/1.5213)
=889,6134 (22,297)(1.233)
=689,613:+27,492

As caleulated, the 95-percent confidence limits
for the 1959 Kvichak River escapement are equiv-
alent to +3.99 percent (:27,492) of the 689,613
estimated” total fish passage (P). Such narrow
limits point to the effectiveness of the sample-
count estimation program in current use.

The sum of the daily estimates given in table 1
(680,000) differs slightly from the estimate cal-
culated from the stratified data. The tabulated
value is considered the best estimate, and is well
within the calculated confidence limits.

Effect of Changing the Sampling Dresign

The length of the counting period and the fre-
quency of the samples are the two main variables
to be considered in formulating a sampling pro-
gram. Increasing or decreasing either one in-
fluences the reliability of the caleulated estimates.

To analyze these variables, systematic test sam-
ples were drawn from a continuous 48-hour count

985880 0—61——3 177

obtained in 1955. The lengths of the counting
period of the samples tested were 10, 20, 30, 40,
and 60 minutes, while the sampling frequencies
were 1, 2, 3, and 4 hours. Generally, four different
tests were made with each relationship: sample
period length to sample frequency. Totals of the
caleulated estimates were then compared with the
actual total for the 48-hour pericd, and the per-
centage deviation plotted in figure 11.

The percentage of error tends to drop with an
increase in the length of the samples and with an
increase in the frequency of the samples. Short
counts, under 40 minutes in length, provide re-
liable calculations when taken every 1 or 2 hours,
usually ranging within a plus or minus 6 percent.
These counts show & much wider range of error
when taken every 38 or 4 hours. This indicates
that, for a specific reduction in counting time, the
most consistent results would be obtained with
short samples taken frequently. The 1955 and
1956 estimates, based on infrequent larger samples,
may have been less accurate than those in recent
years. However, in 1955, 73 percent of the escape-

104 -
84* .
4 [
3] . 2 a
4 hour sumpie frequency -
. , s+ ¢ -
L ] H . - .
C .l ] T VY T
[sF -
8-

3 nour somple frequency

Parcenl of Error
)
1
L ]

O 20 3¢ 40 S0 &0 120
Length of Samples in Minutes

Figure 11.—Distribution of sampling errors with various
sample period lengths and frequencies,
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368 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE
TABLE 8.—Preliminary celoulations for the determination of confidence limitz for the 1959 Kvichak escapement
Weighis —
N~
Strata { jzxi“ ilej po si ITinl i Wg 3%
Wi wi '
I 0. 5078 0,389,178 84, 686 160 5.9 120, 0.02 540
i \1648 - (27, 083 x,asésas 5 5.0 zm? -85¢ 264 %347;47
T, 189 022,014 | 13, 684 728 027 146.7 11, 725, 4 Ty 382 L
IV, - G760 005,776 | 32,187,143, 280 s 33,2784 75 204 . 6758
b2 S 10001 s!% =1 5113

ment was enumerated in a continuous count. In
1956, the variation in number of fish from sample
to sample was low, evidently because of the greater
magnitude of the run. The basic sampling design
of 10-minute counts taken hourly and supple-
mented by longer counts during a heavy run,
therefore, appears to be highly efficient.

It is diffieult to determine with any degres of
precision the most efficient sampling design, since
the size and nature of the migration vary from
year to year. Such factors as the proper distri-
bution of time, manpower, and equipment in ob-
taining accurate counts must also be considered.
On the Kvichak River, short frequent counts have
proved practical to obtain adequate estimates
under all operating conditions.

SUMMARY

1. A method of estimating red salmon escape-
ments by using systematic sample counts was de-
veloped and used on the Kvichak River, Alaska,
from 1955 to 1959 by the Fisheries Research
Institute.

2, The method was based on the fact that mi-
grating red salmon avoid swift midstream currents
and pass upriver in narrow bands close to the
shores, whers observation towers, background
panels, turbulence reducers, and other counting
aids could be used to obtain accurate counts.

3. Statistically, migrating red salmon were
considered as a fluctuating Anits population. The
design of the sampling procedure was aimed at
obtaining a reasonably accurate estimate of the
total run from properly distributed visual counts
throughout the migration season.

4. The basic sample unit consisted of 10-minute
counts taken systematically each hour from each
tower. This design was varied to provide in-
creased or decreased coverage with the correspond-

ing variations in the intensity of migration.
178

5. Estimates for a given period of time were ob-
tained by multiplying the sample count by the ap-
propriate factor. For longer periods when no
samples were obtained, the estimates were interpo-
lated by averaging the counts preceding and fol-
lowing the gap and multiplying by the appropriate
time factor.

6. Daily estimates were calcnlated as the sum
of all estimates for all towers each day, and the
final escapement estimate was the sum of all daily
estimates.

7. Kvichak River escapements, as estimated by
the sample count methed, amounted to 250,548 fish
in 1955; 9,443,318 fish in 1956; 2,842,810 fish in
1957; 534,785 fish in 1958 ; and 680,000 fish in 1959.

8. The accuracy of each sample count was af-
fected by different counters, migration intensities,
weather conditions, and disrupted migration pat-
terns. However, the factors were not found to
inject significant directional errors but showed
definite tendencies to cancel out.

9. The accuracy of the calculated estimates was
affected by interruptions in the continuity of the
counts from highly turbid waters and darkness and
by fluctuations in numbers of fish between samples.

10. A method of determining confidence Hmits
was illustrated. Applied to the 1959 Kvichak
River escapement, the confidence limits were estab-
lished at a plus or minus 3.99 percent at a 95 per-

cent level of significance.

11. The caleulated estimates were influenced by
varying the lengths and frequencies of the sam-
ples. The percentage of error tended to drop with
an increase in the length of the samples, and with
an increase in the frequencies of the samples.
Samples less than 40 minutes in length were found
to provide estimates usually within a plus or minus
6 percent of error when faken every 1 or 2 hours.
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ABSTRACT

Data collacted during the 1965-66 seasons at the counting towers
on eight Alaskan rivers was analyzed to evaluate the use of 10-minute
counts per hour as the basis for estimating the magnitude of the hourly
migrgtion, and hence, the daily and seasonal migration of salmon return-
ing to spawn. In general, relatively large errors between the hourly
estimates (based on 10-minute counts) and the hourly counts (assumed
to be the hourly migration} could be tolerated if these errors were unhiased
and tended to cancel out over the duration of the §eason.

The relative errors between the sample total hourly estimates and
total hourly counts ranged from -34.9% to +21.8%. These errors were equally
divided between over-estimates and under-estimates. The arithmetic mean
relative error of +0.9% was not statistically different from zero at the 95%
level. )The 95% confidence interval for the mean relative error was {-7.1%,

+ 3.9%).
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THE USE OF EXPANDED TEN-MINUTE COUNTS
AS ESTIMATES OF HQURLY SALMON MIGRATION 2
i PAST COUNTING TOWERS ON ALASKAN RIVERS '

N P

By

L] —

Melvin C. Seibel, Biometrics Staff
Alaska Department of Fish and Game
Division of Commercial Fisheries
Research Section
Juneau, Alaska

I. INTRODUCTION ' !

In managing a commercial salmon fishery to obtain maximum sus-
tained vield, one of the most important single pieces of information which
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for evaluating the success or efficiency of a given parent spawning pop-
ulation. :

The problem of enumerating spawning populations of salmon has
been approached in a number of different ways: W.F. Thompson (1962).
gives a short review of some of the different methods experimented with
in Alaska for enumeration of salmon. These include direct surveys {either
aerial or by foot) of the Spawning grounds, weirs, mark-recovery, etc.
Each method was plagued with disadvantages such as excessive cost, lack
of precision, inconsistency in estimates from year to year, atc. In the

- early 1950's, as a result of cbserving the phenomena of sockeye (Oncorhvnchug

nerka) salmon migrating in narrow bands along the banks of clearwater rivars
in Bristol Bay, counting towers were sat up on the Wood River. Figure I illus-
trates the type of tower Presently being utilized in Bristol Bay. The success
of these first towers as a means of enumerating migrating salmon resuited in
the expanded use of counting towers. At present, escapements to ten rivers
in Bristol Bay {cf. Figure 2} are enumerated through the uge of counting
towers. Less than five percent of the sockeye spawning in Bristel Bay

In addition, counting towers have received limited use in other parts of
Alaska. Although sockeye are the primary species of salmon enumersted
through the use of counting towers, there are several instances where other

‘; Species have also bean successfully enumerated by the same method. In

o Particular, counting towers may be used sffectively on small, shallow rivers F‘

;’j—‘ such as the Kwiniuk River in Neorton Sound even though the salmon, primarily DL I

7 -1 - 5
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. Counting tower presently in use on the Wood River, Bristol Ba g
Alaska.

Figure 1.
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chums (0. keta)and pinks (0. gorbuscha), do not migrate in the same
"hand" pattarn exhibited by tne

providing estimaies of annual e
provide a valuable check on th

extremely important to the man

vy

L Counting towers do not provide error-free'estimates of the es 2
| ments to the individual rivers. Some emrors may- be introduced by 1)

deviations from the "kand " pattern of migration which result in fish f§
to pass close enough to the tower to be cbserved, 2) poor visibility :
result of adverse weather and/cr water conditions , and 3) large migrat?
rates which necessitate gstimating (by 10's, 100's, etc.) the numb uire)
fish passing by the tower. However, in generzl the degree of accuracy
of escapement estimates obtained through the use of COUNTLnG TOWETS LS
comparable with the accuracy of other biclogical data collected and i
to describe the population dvnamics of the salmon stocks. or

I Studies were conductad in 1955-57 by the Fish and Wildlife
i (Rietze, 1957, Spangler and Rietze, 1958) to compare the counts obtal
il by counting towers with those obtained from weirs. ~Qn the Egegik
1&_@_%st_imated 984,908 fish passed the counting tower as compare(
1,063,87 Samtﬁd through the weit Aduring the sampling period
This represenis a _7.4% relative error in the tower estimate with regpac
to the weir estimata. In 1957 an estimated 712,124 salmon nassed the
countin owers while 631,001 were astimated 1o have passed the well
during the sampling period. This represants a +12., 9% relative erxQr ir
the tower estimate with respect to the weir estimate. These studies ings
cated that the majority of the salmon travel in the shallow water nedr: the
banks of the river (in an affort to escape the main current) and, therefore
can be counted from +owars situated on or naar the banks with acceptabli

levels of accuracy. - .

ta

ons only limited personnel can be plac
and since these nersonnel are also
pling adult salmon for ages

Due to cost considerati
the counting towers on each river,
required to conduct other studies such as sam
weight-length data, smolt enumeration, stc., it is desirable to reduce X
actual time spent counting fish as much as possible without introducing
undesirable errors. On the basis of the early studies by Fisheries. Resealf
Institute and the U.S. Fish and Wildlife Service (BeckerT, 1962, _
1957), it was decided that counis made 10 minutes out of each hour and
expanded appropriately would provide adequate estimates of the hourly

"migraticn.

curate estimates of es
o more riv

ounts 88
the total annuisg
capemeail

Bacause of the imgortance cof obt
ment, and since the use of counting tos
in Alaska, it was decid :
the basis for estimating the hourly mi
ascapament. Special

o0

ining &
rs has

]
-+
-
0
48]
|
)
<!
I
—

with small es
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shicih oiten @xinilil very &rratl
» uns to these smaller sys h
«to the hicher levels exhibited in the early vears of ihe fisheries.

EXPERIMENT DESIGN AND COLLECTION QF DATA

_ The primary objective of this study was to evaluate the use of hourly
in-minute counts as the basis for estimating hourly migration, and hence,
ptal seasonal migration. In general , the accuracy of the hourly estimates

£ of interest only in respect to the effect it has on the accuracy of the
p——— ] " - . e e e gy e ——

nal estimates of escapemant as obfained from the cumtlative sum of
he hourly estimates. In other words, a significanf amount of 7élative

aror could be tolerated for the individual hour counis if these errors tended

5

“cancel out and produce only small relative errors in the total ssason

The primary data collected consisted of hour counts ohtained by
tking six consecutive ten-minute counts. The first ten-minute count was
jen multiplied by six to obtain an estimate of the hourly migration which
as to be compared with the total hour count. In-the remainder of this
ieport, these two estimates of the hourly migration will be termed "hourly

| ‘ount" and "hourly estimate” to distinguish between the estimate obtained

! 3y counting for the entire hour and the estimate obtained by multiplying the
Ben-minute count by six. For the purpose of this report, the hourly counis
Fi11 be assumed to be the actus! number of salmon migrating past the count-
g tower during that hour.

In addition to the actual tower counts, weather and water conditions
Jere also recorded. Figure 3 illustrates the form used to record the collected

A In order that the data collected would be representative of the
fariable conditions encountered on Alaskan rivers, data was _collected
Jouring both the 1965 and 1966 seasons from six rivers in Bristol Bay, one

™ Norton Sound and one in Prince Willlam Sound. The approximate location
of these rivers is shown in Figure 2. Thus, the data collected represents
gower counts obtained under a wide variety of weather and water conditions,
"' types and migration rates. In some instances, chum and pink salmon
Nere alsc counted.

i3

L4 L e T L

: In general, the hourly counts were cbtained during the season as
e permitted as it was not feasible {or necessary) to make total hour
founts for the entire season. However, in 1966 the large number of hourly
Counts made on the Kwiniuk River necessitated sub sampling these counts
?70 simplify the compntaiions required for analysis. The first 36 counts
Were chosen with the restriction that only those total hour counts greater
an 50 weras chosen. This restriction was made to prevent a large number

-~ 5-
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13
e
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sased on aerial surveys,

»f very sinall counts {including zero) from occurring in the sample. Total
3 i

e

(T BASIC DATA AND RESULTS OF ANALYSIS
2,

i The basic data collected in the form of hourly estimates (ten-minute
counts multiplied by six) and hourly counts (counts made for the entire hour)
issgiven in Appendix Tables A-1 through A-12. For the Kvichak and Egegik .
vers the data is given separately for the left and right bank towars for the
22 of comparison; however, for the other rivers the data for both banks
combined to obtain adequate sample sizes. Counts are given by-
ies except in the case of the Coghill River counts, where conditions
ot allow accurate separation by species.

o _
Sample sizes (i.e., number of total hour counts) varied from a
gmum Of 17 on the Igushik River in 19R5 to 80 on the Coghill River in

« Total sample counts varied srom 1,187 sockeve counted at the -
k tower in 1966 to 585, 700 sockeye gounted at the Kvichak left bank
erin 1965. Average hourly migration rates (total fish counted divided
Humber of hours counted) during the sampling period varied from 24 fish
our on the Nuvakuk River in 1966 to 17,630 fish per hour on the right
of the Kvichak River in 196S. '

oo A summary of the data collected for each system is given in Table
#s For the sake of iliustration, the data collected from the Egegik River
965 is graphed in Figure 4. :

B Regression analysis was applied to the data given in Appendix Tables
A;l through A-12. Analysis of variance tables are given in Appendix Table
B;I'. To circumvent the assumption of a bivariate normal population, which
iS'j'I;ecessary if the sample correlation coefficient r is to be used as an
unbiased estimate of the population correlation coefficient & , the coeffi~
clent of determination r2 was calculated to provide a measure of the linear
relationship between the hourly estimates and the hourly counts. The
fesulting values are given in Table 1. These values vary from a minimum

of 0.464 (Xwiniuk River, 1966) to a maximum of 0.986 (Nuyakuk R., pinks,
1966). The geometric mean coefficient of determination r2 = 0.733 indicates
that, on the average, approximately 70% of the sum of squarad deviations of
the hourly estimates is explained by the hourly counts (which were assumed
to be the actual migration.relative to the hourly estimates),

189
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If one is allowed the freedom of accepting the assumptiop’
bivariate normal population, the values of r, used as estimates o
population correlation coefficients, indicate significant (i.e,, 95
level) correlation between the hourly estimaies and hourly COL;rit :
rivers.,

Although the above correlation between the hourly counts
hourly estimates is of interest in that it does indicate good co
these two variables, as mentioned above, the primary concern.
the agreement between the sum of the hourly estimates and the

. counts over the season. The relative errors occurring in the indiy
hourly estimates (relative to the hourly counts) may be statisticall}
nificant in some cases; however, if these relative errors occur With
bias, then the sum of the hourly estimates will provide an unbj

mate of the sum of the hourly counts. To express this more conei
we have .

)
L
I
e
-

.+Ei

where -
the hourly counts, i.e. the ho
the hourly estimates, and -
the error with which Y is estimats

i)
-
i

and if€; is randomly distributed with mean zero, then if we sumE
over all possible counts, : :

EYi = EXi+ZEi
i.e., zY{ = Z'Xl

since I3; =0 1i.e., the seasonal sum of the hourly estimates wil
an unbiased estimate of the seasonal sum of the hourly counts.

To investiigate whether & = 0, the relative error was calculate
each set of data. The results are shown in Table 1.

The relative error between the total hourly estimaies and thelg
hourly counts varied in absolute value from 0.6% (Nuyakuk R., SOCKE
1966) to 34.9% (Igushik R., 1965) with a geometric mean of 5.1%
ever, two comments should be made regarding these relative errors:

2n pOSitiV

1) The relative errors are equally divided betwe
} errors Wi

(over-estimates) and negative (under-estimate K
seven over-estimates and seven under-estimates. .Fl-ll't,
more, the arithmetic mean (used so the algebraic 51_91'15
the error could be included) is +0.9%. This value is D
statistically different (at the 95% level) from zero.

- 10 -
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Appendix D.4. (page 14 of 22)

(%]
—t

whereas the total migrations are generally

’t"f | co ;

s I el at riod of not less than 30 days. Thus, a

4 szascnal +imate would generally consist of the sum

ﬁa ; of ar pm} imately 700 individual hour estimates, or more than

§ ; twenty times the number of hours com:amed in the average

g* sampling period for this study. If, in fact, the ecror of esti-

'F?_gi - mate (hetween the hourly counts and i"lu.uly astimates) is unbiased
A ) as indicated, the g_'*"o1 b I\’cel'l the awn of t1 e ncurly counts and

cen over the entire 382500 *han whan the sum_is just over

- i

[
At Llus pumL it may be instructive to concentrate our attention on

the data collected from the Igushik River (1965) and the Togiak River (19686)
as these samples rcflacted the largest relative errors,viz. - 34,9% and
+21 .8% respectively. In both cases, sockeye salmon were being counted.
The following points are of interest:

1) Of the fourteen samples, the Igushik and Togiak samples
represented the smallest and third smallest sample sizes
respact if‘-‘—‘ly In the Igushik sample, 2 hours accounted for
81% of the variation, while in the Togiak sample 3 hours
accounted for 70% of the variation.

2) The Igushik and Togiak samples represent the second and
third smallest percentages of the total season migrations
counted during the sampling pericds.

3) If we express the variaiions of the hourly counts within a
sample as the coefficient of variation (i.e., the ratio of the
standard deviation to the mean), the Igushik and Togiak samples
represent respactively the fifth and fourth largest coefficients
of variation recorded.

Tt appeared, therefore, that the relative error between the sum of
sample hourly estimates and h rl » counts depended on the sample size
(which diractly represents. a m of the percentage of the tofal seasonal
nigraticn couitied during the period) and the variation of the hourly
Counts within 2 sample. 'I‘o invss te this, the relative error was plotted
. &gainst the sample size (Figur 5} and the : OPfument of variation {Figure 6} .

ﬂ)qﬂlﬂ)()
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Figure 5. Relationship hetween relative error in total hourly estimates and sampl'e size.
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Appendix D.4. (page 17 of 22)

The important point to observe in Figures 5 and 6 is that the varj.
ation in the relative error decreases as the sample size increases and the
coefficient of variation decreases. Although this is not equivalent to say-
ing that a small sample size and/or a large coefficient of variation wil]
result in a large relative error, it does imply that the chances of a large -
relative error occurring are greater under these conditions. In practical -
terms, this means that escapement estimates for short-term periods (i.
less than several days) may be expected to exhibit significant relative
errors in some cases. The chances of a significant relative error are a}
increased if the migration is very erratic, i.e. . if the coefficient of va
ation is large. Conversely, however, the relative error can be expecte
to be small over long-term (e.g. one month) periods, especially if the:
migration is not excessively erratic.

would be one similar to that occurring on the Ugashik River in 1963, ‘D
the 1863 season, 47% of the seasonal escapement passed the Ugashik
counting tower in one day, i.e., on July 15, 181,000 sockeye werg es
mated to have passed the tower, while the final season total was 3868
The next largest day's escapement was 43 000 on July 18. A large
eITor occurring in the estimate for July 15 may not be cancelled by th;
occurring in the smaller estimated escapements for the other days.3
ever, it should be noted that a 30% relative error for the July 15 est
would represent only a 14% relative error for the season). The Ugal
is rather unique relative to the other Bristol Bay rivers which do no
such a high degree of concentration in the escapement pattems. .F
the escapement patterns for the Ugashik system generally do not

extreme degree of concentration existing in the 1963 migration.:

For the purpose of analyzing the relationship between t
error, the sample size and the coefficient of variation, multin
analysis was applied to the data. It was assumed that the Ie
was directly proportional to the coefficient of variation andin
portional to the square root of the sample size. The followin
was obtained: "

-— ot e

Y =  -6.90+4 7.024 Xy +2.064Xg"

r
where X1 = 10 X the inverse square root.© E ¢
sample size g v
T i Fc:
Xy = the coefficient of variation, & i)
Y = the relative error

. M
However, the sum of squared deviations E(Y-Y)z frc:_m
16% less than the sum of squared deviations from the mela_n-

196

e £



Appendix D.4. (page 18 of 22)

the sample size and cosl

fiiciznt of variation alone do not explain the vari-
:ions in the relative errors

‘ f assuming random sampling
'jon, the partial correlation coefficients

D‘
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Again, if we are allows
om a tri-variate normal disiri

but
X = (0,344 (4.f. ll) and oy X =0.159 (d.f. = 11} do not
%:)resent 51gn1f1c:am correlation betweaer the re% t ve error and the inverse
juare root of the s Hclr‘nple sizas (with the cceifficient of variation considered

« mstant) or between the relative error and the CO°I'F101€1’1‘E of variation {with
the sample size considerad constant).

The data shown graphically in Pigures 5 and 6 and the results above
indicate that suificient conditions for small, i.2., acceptable, relative
errors are a large sample size {i.e., hourly estimates for period of approxi-

ately one week or mora) and non-excessive variations in the hourly
_scapements Although a small sample size and/or large ccefficient of
- variation increase the chances of a large relative error, these conditions

2 not necessarily imply a large relative error.

Since the sample size {i.e., number of hours) and coefficient of
- "rariation for a given season cannot be controlied, the next logical step to
1crease the accwracy of the hourly estimaies would be to increase the
" iume counted each hour. The following table illusirates the effect of
increasmg to 20 minutes the time counted =zach hour, For this purpose,
aly those systems with the four largest (in magnitude) relative ervors ars

% Wﬂ@%&mmwwww £ Ll

RELATIVE ERROR

SYSTEM 10-MINUTE COQUNTS 20-MINUTE CQUNTS
% rushik River, 1965 h -34,9% -6.6%
* wngegik River, 1955, Laft Bank +13.4 +9.8
- Togiak River, 1966 +21.8 +9.
* uyakuk River, 1966, Pink Salmon +16.3 +5.2

In each case, counting for twenty minutes of each hour raducad the
lative ervor to less than 10%. This suggests that in the event that exirema
Irigtions occur in the aourly counts during ths season, if a high degree of

. Concentration occurs in the migration pattern, if the migration occurs in a
T vary short period or if short period estimates are desired for the purposa of
dmparison with aerial surveys, counting time per hour should possibly be
uicreased to 20 minutes. In this manner the relative error would very likely
Temain under 10%,

mlg""l;_ =
"z calc 1_1

197

R e £ T e Umige e  m aramm

TR

P
H

AT T | 1w e -




-
s o
Figure 7. Frequency Distribution of Relative Errors, Counting Tower Data, 1965-66. 3
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Appendix D.4. (page 20 of 22)
+his relative error is & pproximately normal . The confidenca interval for
the mean is given {Cochran, 1963) by
X - tl—a/z, n-1 S/NE 5/4 < X + t1-o/2, n-1 s/VE
| where X = mean relative error, ,
A = true mean
t = Student's "t" statistic
S = sample estimate of the standard deviation
n =  sample size.

@ = .05, n =14 we have t-o/2, no1 = 2.160.

0.9 - (2.16) (3.69) < u < 0.9+ (2.16) (3. 69)
7.1 < <8

Therefore, the $5% confidence (or, more correctly, fiducial) interval
the mean relative error is {-7.1%, F 8.9%); i.e., if sampling is conducted
he same manner as described in this report, then in 95 times out of a 100
e true mean {relative error) will be contained in the interval (-7.1%, +8.9%).

CONCLUDING REMARKS AND RECOMMENDATIONS

: In conclusion; the data in this re port indicates that, in general,
elative errors of less than 10% occur in the seasonal estimates of the numbear
_ migrating salmon as a result of using 10-minute counts made from counting
Owers to estimate hourly migration. It should not be implied that-each hourly
Stimate (basad on a 10-minute count) enjoys the same degree of accuracy
relative to the true hourly migration) as does the seasconal sum of hourly
timates (relative to the seasonal migration). However, the fact that the
Ors in the hourly estimates oceur without bias results in a cancelling of
€se errors in the total seasonal estimate of the migration.

: Some situations may occur in which counting time par hour should
€ increased to 20 minutes to insure acceptable levels of accuracy. Some
Xamples whare 20-minute counts per hour may be desirable are:

a) If short period esca Pement esiimates {obtzined from counting
towers) were to be compared with aerial survey estimates,
hourly 20-minute counts would more exactly estimate salmon
migrating during the pariod in cusstion . ‘
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Appendix D.4. (page 21 of 22) j
b} If counting is to be discontinued during certain portion of :
the day to free the personnel for other duties, 20-minute
hourly counts made for the remaining portion of the day l
could be used to estimate the total daily migration.

c) If a highly concentrated migration pattern is anticipated,
20-minute hourly counts could be made for the period of
peak migration to increase the probability of obtaining
seasonal migration estimates containing lass than 10%
relative error,

B
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