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ABSTRACT

A radio telemctry feasibility study was conducted on the remote Toklat River in Alaska during
September and October of 1997. The purpose was to document the movcment and spawning
locations of adult fall chum salmon (Oncorhynchus kera). A total of 123 fall chum salmon were
tagged with pulse-coded radio transmitters from September 9 to September 28. Originally, all
radio tags were to be deployed internally but because of problems with tag retention attributed to
digestive tract resorption, modification of lOO of the 123 tags to all external applicationwas
necessary. Fish locations were successfully tracked using radio telemetry equipment from a boat,
a stationary remote tracking station, aerial surveys, and spawning ground foot surveys. One
hundred fifteen tagged fish traveled upstream of the stationary remote tracking station near study
km It. The stationary receiver documented the passage of 106 tagged fish while nine passed
undetected. On average, 95% of the radio-tagged fish were located on each of the seven aerial
survey flights separated by four to ten days. Based on the estimated spawning location of 92
early-tagged fall chum salmon, approximately 71 % of the run passing the tagging site from
September 9-16 may have spawned in the TokJat Springs (confidence interval widUl
approximately 0.170). Eleven original internal tags were returned to the factory and converted to
a smaller internal tag size. The smaller sized radio tag is a viable option for tagging fall chum
salmon migrating long inriver distances, which would be tagged relatively close to their
spawning ground area. Radio telemetry teclmiques could be used to detenlline spatial and
temporal spawner distribution of fall chum salmon within the TokJat River on a larger scale.
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I TROD eTION

Thc Toklat River is a glacial system located in interior Alaska draining the north side of the
Alaska Mountain Range near Mt. McKinley (Figure I). The river is remote, and access to the
study area is limited primarily to aircraft or a boat with ajet unit. Throughout most of the season,
the mainstem water visibility is extremely poor because of turbidity caused by glacial runoff.
Chinook (Oncorhynchus tshawytseha), chum (0. keto), and coho (0. kisutclz) salmon are known
to spawn within this river.

Charles Sheldon (1930) first reported finding dead salmon in open water channels along the
Toklat River in January 1908. The Department of Fish and Game (department) began to
document Toklat River fall chum salmon spawning abundance and distribution beginning in the
early 1970s. These observations consisted of limited aerial and ground surveys conductcd during
periods of anticipated peak spawning (Barton 1984). Beginning in 1980, an annual ground survey
was conducted on the major fall chum salmon spawning area at the Toklat Springs during the
period of peak spawning, but it lacked information on the distribution of spawners within the
area. In 1985, surveyors began to document the distribution of spawners throughout the
floodplain sloughs. The escapement database for TokJat River fall chum salmon consists of
annual estimates of total spawning abundance dating back to 1974. Original estimates were
expandcd fTom either aerial or ground survey counts of the major spawning area at Toklat
Springs, using streamlife and migratory time density data collected from the Delta River fall
chum salmon stock. The department established a fall chum salmon minimum biological
escapement goal (BEG) for the Toklat River of 33,000 spawners based on the historical database.

From 1980 through 1989, the Toklat River escapements were consistently less than the BEG.
despite numerous management actions intended to benefit Toklat River fall chum salmon and
Canadian fall chum salmon stocks by the department and the Alaska Board of Fisheries (board).
Management actions includcd reductions in commercial fishing time throughout the drainage and
restrictions or closures of commercial and subsistence fishing. At the spring 1990 board meeting,
the department identified the Toklat River fall chum salmon stock as a conservation concern to
board members. In the spring of 1992, the board issued a "charge" to the Yukon River Drainage
Fisheries Association (YRDFA) to work with the department and develop a rebuilding
management plan for Toklat River fall chum salmon. YRDFA presented a proposal to the board
in the spring of 1993, which the board adopted as the 1993 Toklat River Fall Chum Salmon
Rebuilding Management Plan. The board adopted a similar rebuilding plan before the 1994
fishing season, with only slight modifications.

Because of the concern for the Toklat River fall chum salmon stock, the department initiatcd a
hydroacoustic feasibility study in 1994 to obtain a more comprehensive assessment of
escapement into the river. The department expected the inseason passage estimate provided by
the sonar project to assist managers in assessing the fall chum salmon escapement to the Toklat
Springs. The intensive ground surveys continued, providing for historical consistency until the
hydroacollstic estimates were evaluated.



The Bendix sonar passage estimate and the chum salmon population estimate based on the
ground survey conducted in 1994 were similar at 73,000 and 74,000 respectively, resulting in the
recommendation for further investigations of using sonar to replace the ground survey method
(Bmion, 1997). In 1995, however, the sonar passage estimate (J 11,000) was approximately twice
the ground survey population estimate (55,000). In 1996, the sonar passage estimate of 90,000
fish was approximately five times greater than the ground survey estimate of 18,000 fish (Barton,
1998).

The ground survey and sonar estimates have been characterized as being total population size
estimates of the Toklat River fall chum salmon escapement, and their varying discrepancy across
years concems the department. Because of the assessment that the fish being counted are
primarily fall chum salmon, a species apportiorunent progrmn was not initiated for the Toklat
River sonar project. It is possible, that large numbers of whitefish and/or coho salmon are
inflating the sonar estimates. Although, in 1996, a fyke trap and fish wheel caught mostly chum
salmon at the Toklat River Coded Wire Tag Recovery Camp, located 9 km downriver from the
Toklat River Sonar Camp. Species other than fall chum salmon accounted for 6.2% of Ule fyke
trap catch (n=226), and 10.4% of the fish wheel catch (n=1397). [t is difficult to draw meaningful
conclusions with these data, but it is unlikely that the abundance of other species alone can
account for the varying discrepancy in the two methods of assessing escapements.

The ground survey is typically conducted during a one-week period in mid-October. The survey
numbers are subsequently expanded to estimate the total abundance based upon the percentage of
live chum salmon actually observed using an estimated streamlife curve and migratory time
density curve developed from data collected on the Delta River. One of the assumptions involved
in using the Delta River data is that the residence time of fall chum salmon on the spawning
ground is similar in the Toklat and Delta Rivers. A second assumption is that all spawners (dead
or alive) that have arrived at the Toklat Springs at or before the time of the survey are counted by
the survey. A final assumption is no other significant fall chum salmon spawning ground areas
are within the Toklat River drainage.

The department conducted this feasibility radio telemetry project in 1997 with the intention of
beginning to address: (I) the discrepancy between the sonar and ground survey estimates, (2)
verifying Ule validity of Ule current assumptions, and (3) improve the understanding of Toklat
River fall chum salmon spawning characteristics. Radio telemetry is an effective technique for
studying salmon populations in large, remote, turbid river systems of Southeast Alaska (Eiler et
al. 1988, Eiler 1995, Eiler et aI., In Prep.). Radio telemetry appears to be feasible for addressing
the mechanisms involved in the ground urvey and to examine temporal portions of the run over
several years. Using radio telemetry, a multiple year study would be necessary to understand the
arulUal variation in spatial distribution and spawner residency time of fall chwn salmon spawning
in the Toklat River.



METHOD

Study Site

The primary study area is the Toklat River drainage (Figure 2) from its confluence wiU1 U1e
Kanlishna River upriver 75 kilometers (study Ian 61). Three specific locations within the Toklat
River drainage were important to U1e logistics of this project. The radio tag deployment sitc was
located at the coded wire tag recovery camp (64.3963° , 150.2967° W), approximately 14 river
kilometers upstream of the confluence with the Kantishna River in Township 6S, Range J4W,
Section 15 (study km 0). The selected location for the stationary receiver was 25 kilometers
upstream from the confluence at 64.3393° N, J50.2 J27° W (study km JJ) approximately two
kilometers upstream of the Bendix sonar site (64.3535° N, 150.2142° W). TokJat Springs is
located 57 kilometers upstream (study Ian 43) from the confluence at 64.1633° and 149.9942°
W and was U1e expected spawning destination for most of the radio-tagged fall chum salmon.

The project leader had previously obtained various pennits for operations at the coded wire tag
recovery camp site, which included a Bureau of Land Management (BLM) pem1it, a letter of
nonobjection from Doyon, an ADF&G Habitat Division pennit and a Department of Natural
Resources (DNR) pem1it.

Study Design

The sample size of fish to radio-tag was based on fiscal constraints and a 90% confidence interval
width that would not exceed 0.015 for the proportion of Toklat River fall chum salmon passing the
tagging site while tags were being deployed on fish that spawn at the Toklat Springs area. The
con.fidence interval for the binomial proportion of fish tagged U1at spawn in the Toklat Springs
came from standard statistical methods (Snedecor and Cochran, 1989). Researchers assumed that
J0% of U1e radio-tagged fish would not provide infom1ation on spawning ground location because
of mortality, regurgitation of tags, or U1e fish would drop out of the study area. For a given sample
size, confidence interval width varies by proportion and is widest at 0.50 (Figure 3). Although a
sample size of 134 radio-tagged fish achieves the desired confidence interval width of 0.15 for a
proportion of 0.5, a sample size of 125 was selected because of fiscal constraints. However, U1e
consensus of several experienced field biologists was that the proportion of fish spawning in the
Toklat Springs would be considerably higher than 0.5, wltich would result in a sample size of 125
meeting the statistical criteria.

Fish Capture and Handling

Fall chum salmon migrating upriver were captured with two fish wheels at the coded wire tag
recovery camp. The !ish wheels were located on opposite riverbanks, separated by approximately
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0.25 km. The fish wheels were equipped with live boxes, which held capt1lred fish for radio tag
deployment.

To minimize fish behavioral problems after tagging that could pot ntially increase in proportion
to the time spent in the live box, only healthy, uninjured, freshly caught fish were tagged. Fish
caught during the nighttime hours were released untagged the next morning and fish caught
throughout the daylight hours were tagged during periodic checks of the live box. Researchers
assumed fish caught in the fish wheel were representative of the population and therefore
represented an unbiased sample of the population.

Fish to be tagged were dipnetted from the fish wheel live box and placed in a neoprene tagging
cradle submerged in a trough of fresh water without anesthetic (based on a USFWS design).
Water in the trough was changed after tagging every two or three fish. Fish were not held any
longer than necessary (usually less than five minutes) to detennine sex, implant the tag, and
obtain a length measurement (mid-eye to fork-of-tail). Radio-tagged fish did not receive a
secondary spaghetti tag to avoid any additional trauma to the fish and to eliminate the chance that
differential predation rates might have occurred between spaghetti-tagged and ulltagged fish.

Tagged fish were either released immediately or were transferred to a 0.4 m3 size fish tote and
transported upstream approximately 100 m to a back eddy for release. Holding time in the tote
before release was typically between 15 to 30 minutes.

Radio Transmitters and Receivers

Pulse coded radio transmitters made by Advanced Telemetry Systems (ATS) I of Isanti,
Minnesota were used. One hundred and twenty five internal radio tags were purchased fTOm ATS
with 43 unique frequencies spaced a minimum of 10kHz apart in the 152 MHz to 153 MHz
signal range. The standard transmitters were 5.2 cm long and 1.8 cm in diameter, weighed 24.5 g,
and had a 30.0 cm external nylon coated wire antenna (Figure 4). Minimum battery life was
approximately five months. Forty-one frequencies contained three pulse codes each and two
frequencies (one of which was a reference tag) each contained only one pulse code for a total of
125 unique radio signals. One transmitter at the stationary remote tracking station was used as a
reference signal and constant check of equipment functioning, leaving 124 transmitters for fish
tagging. Radio transmitters able to transmit three types of signals were purchased (Eiler 1990).
The signals types indicated norn1al activity, increased activity, and sustained inactivity by
changes in the signal pulse pattern. The standard signal pattern was a wide pulse (20 ms)
followed by two short pulses (5 ms). The time interval between the pulses (known as the code)
was the same for a given transmitter and unique for each transmitter on a frequency. When a tag
detected increased motion, the time interval betwecn the three pulse group was shortened. When
a tag was motionless for an 8-hour period, the sustained inactivity signal would begin to transmit.
The inactivity signal pattern was identified by altering the signal to a wide pulse followed by

I Use or ncompany's name does not constitute endorsement
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three short pulses. If the motion sensor within the transmitter detected any movement the
transmitter reverted back to transmission of the standard signal pattern.

Internal radio tags were selected based upon the advice of Mr. John Eiler of the NMFS, who had
used these tags extensively with good success. Internal tags were selected for use rather than
external tags because internal tags were perceived to allow the tagged fish to behave as close as
possible to an untagged fish. Researchers thought internal tags avoided questions of migration
alteration duebecause of physical drag, would be a less invasive technique since the skin and
flesh were not punctured, would be less likely to affect the natural washout rate of dead fish from
the spawning grounds, and less prone to physical tag loss caused by predators keying on an
external cue.

Computer controlled receivers developed by ATS were used that detected signals in the 150
MHz to 154 MHz frequency range. The base receiver unit was responsible for detecting and
decoding signals within the scanned frequency range. To decode detected radio signals. the
receiver would analyze the signal with a series of pattern-matching routines to determine whether
a transmitter was present and to identify the code (decoding). An accessory computer unit called
a recording data logger (RDL) complemented the base receiver unit with the ability to store
decoded signals and GPS locations into memory with the corresponding time and signal strength
of the decoded signal. The receiver and computer were used to detect, identify, and record radio
transmitter signals. The frequencies contained in the receivers database were scanned by the
receiver at 2-s intervals.

When radio signals were detectcd during the aerial or ground survey, the surveyor would wait
until the acoustic strength of the signal was strong enough to decode and then activate a switch
on the RDL to decode the signal. The decoded signal would be automatically entered into the
computer memory. Typically, transmitters could be detected at a maximwn distance of 5 km and
decoded at I to 2 km. Both maximum and decoded distances varied depending upon the height
and speed of the aircraft, depth of the fish in the water, radio frequency interference, weather
conditions, and battery strength.

The remote stationary tracking station receiver continually scanned the frequencies in 2-s
intervals and when a signal was detected, the frequency was scanned for 8-s, to identify the radio­
tags unique frequency and code combination. Transmitter signals were recorded once per hour by
the RDL if they were within reception range of the stationary station.

Fish Tagging

Originally, the plan deployed all radio transmitters internally in a five-day period from September
5-15. The purpose was to minimize any possible effects from the paranleters of interest changing
through time. On September 8, after arriving at the TokJat River coded wire tag field camp, John
Eilcr instructed the authors on the proper technique of inserting internal radio tags into chum
salmon. The internal placement procedure consisted of threading the antenna through a plastic
tube (0.7 cm in diameter), which would allow the tagger to gently press on the tag via the tube.
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The tag was gently inserted beyond the fish's pharynx, through the esophagus, and into the
stomach until a slight resistance was felt. Insertion of the tag beyond this slight resistance would
rupture the stomach wall. Proper tag placement occurred when the transmitter was not visible in
the throat. If the tag was not placed deep enough in the digestive tract (i.e. the top portion of the
rag was still visible in throat), the risk for regurgitation increased. After tagging 10 male chum
salmon, they were sacrificed to examine the intemal tag placement.

Upon examination of the tag placement in the sacrificed fish, concerns arose because the
intemally inserted tags were readily ripping through the stomach lining and were lying within the
body cavity. Researchers reasoned inexperience was to blame and attempts were made to be
gentle inserting the tags into eight Toklat River fall chum salmon on September 9. John Eiler
tagged the first fish, and the authors tagged the next seven. The fish were then tracked a few
hours later using an antenna placed in the riverboat.

On September 10, the tagged fish were tracked by boat up to the stationary receiver (study km
II). Because four fish near the fish wheels had not moved from the previous evening, it was
suspected those tags were regurgitated. To test whether or not the fish were regurgitating the tags,
a large tote was set up as a holding pen with a pump for water circulation. Four more fisb were
tagged (three witb radio transmitters and one with a smaller "dummy tag" created by Jolm Eiler
from a AA battery wrapped with electrical tape). One of the fish tagged with a radio transmitter
had the tag intentionally inserted far enough to rip the stomach lining. One hour after tagging and
releasing these fish into the holding pen that status of the fish was checked and all the fish were
doing fine with tags intact. Three hours later, at the second check of the holding pen, two of the
fish had jumped out of the tote into the river some time during the last three-hour period. One of
the escaped fish had the dummy tag and the other had the radio tag pushed intentionally through
the stomach lining. either of the two fish remaining in the holding pen had regurgitated their
tag; they were released into the river near the tote.

On September II, a teleconference was initiated to discuss the project concems with department
Regional and Area staff in Anchorage and Fairbanks regarding the problems occurring with
internal tag retention. A summary of the findings to date were provided and the following
possible options were discussed:

I. Continue as planned with a possible 50% regurgitation or mortality based on the tags thus far
deployed.

2. Only tag large fish; most likely males, which would take more time to capture the necessary
numbers of fish, and could bias the results.

3. Ternlinate operations this year and use smaller diameter internal tags next year.
4. Convert the remaining internal tags to an external type sinlilar to those used by Louis Batton

on the Tanatla River in 1989 (Barton 1992).

After discussing the concerns and possible options, everyone agreed to teleconference the next
day for a final decision.
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On September 12, with department Regional and Area staff input, it was decided to convert 89
tags to an external design and deploy those as soon as possible while it was still near the mid­

point of the chum salmon run. Late that day, Louis Barton arrived by boat with materials to
modifY the internal transmitters to an external application (epoxy glue, tagging needles, Petersen
discs, and cable ties). Tbat evening, modifications were made to the original internal tags for
external attachment to the fish (Figure 4). From September 13-16, the radio transmitters were
modified and deployed externally on chum salmon. External radio transmitters were attached to
the fish by inserting the two Petersen needles through the Oesh of the fish near the rear portion of
the dorsal fm and placing a Petersen disk over each needle and then twisting the needle into a
knot to secure the transmitter to lhe fish (Barton 1992).

Because one oftbe purposes for this study was to develop tbe methods for a large-scale shldy. the
retention of smaller sized internal radio tags was necessary and appropriate to investigate.
Therefore 24 radio tags were retained for this purpose. ATS sent John Eiler three smaller sized
internal "dummy epoxy tags" to experiment with. On September 15, John Eiler returned to the
Toklat River camp with the dummy tags. Dummy tag styles consisted of a large diameter with
long body, small diameter witb long body, and small diameter with short body (Table I). These
tags were inserted into eight fall chum salmon, which were sacrificed to check on tag placement
within the stomach.

Of the 24 tags retained for this experiment, 12 were returned to ATS to be converted to a smaller
size while the other 12 lags would be applied externally to function as a control group. The
control group would provide a comparison with the previously released external tags. ATS was
contacted regarding the preferred tag shape, but an insufficient supply of smaller diameter
batteries restricted construction to only seven radio transmitters with a I cm diameter and 5.6 cm
length (10-35 battery size, Figure 4). The remaining five tags were of an intermediate size with a
1.5 cm diameter and 5.2 cm length (2/3 A battery size, Figure 4). On September 26 through 28,
the 12 intemaltags, converted by ATS to a smaller size, were deployed along with the remaining
12 external tags.

Aerial Tracking

The study kilometer and area ections on the Toklat River were used for determining aerial
survey fish locations and data analyses (Figure 2). This map was created using Mapl:nfo l

Oeographlc Infornlation System (OIS) software and was provided to us by the State of Alaska,
Department of atural Resources. The study area was grouped into one-km river sections both
upstream and downstream of the deployment site. The Toklat River was also divided into six
areas as follows:
• Area 0 - Confluence with the Kantishna River to the coded wire tag recovery canlpsite (study

km -14 to -I).
• Area I - Coded wire tag recovery campsite 10 Barton Creek (study km 0 to 9).
• Area 2 - Banon Creek to the beginning of the braided river section (study km 10 to 27).

I Use of a company's name does not constihlte endorsement.
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• Area 3 - Beginning of the braided river section to the lower traditional ground survey section
(study km 28 to 40).

• Area 4 - Lower traditional ground survey section to upper traditional ground survey section
(study km 41 to 45).

• Area 5 - Upper traditional ground survey section to headwaters (greater than or equal to study
km 46).

The authors conducted aerial tracking of radio-tagged fish locations every 4 to 10 days, dividing
the frequencies between them and thereby decreasing the aerial survey time. Aerial surveys
occurred from September 15 through October 24 using R22, R44, and Bell Jet Ranger helicopters
flown at approximately 500 feet altitude at a speed of 16-24 Ians/hr. Scheduling was dependent
on weather, helicopter availability, and work related commitments.

During the aerial surveys, fish locations were ascribed to an individual study kilometer section.
Attempts were made to get individual GPS locations for radio-tagged fisb and integrate those
locations into a Global Information System map to visualizefish locations through time.
However, hardware and software problems prevented the receiver from properly decoding
frequencies with the GPS unit. Thus, to estimate individual fish locations, progress was tracked
manually during the surveys and the time was recorded when a new study kilometer section was
entered. Fish location times were later matched to a corresponding time associated with a study
kilometer.

A fixed wing aircraft was used on September 30 in an attempt to locate missing radio signals.
The survey was conducted from the mouth of tbe Kantishna River upstream to the Toklat River,
and the Toklat River was surveyed to its' headwaters. The plane was flown between 500 and
1,000 feet above the river at an approximate speed of 100 kms/hr.

Stationary Remote Tracking Station

The stationary remote tracking station was borrowed from NMFS and transported from Fairbanks
to the Toklat River location via riverboat. The stationary receiver was installed (except for
battery and electronics) on July 22 near study kill I!. Tbe station components were attached to a
10-m tall aluminum portable tower. Two four element Vagi receiving antennas were positioned
at the top of the tower at approximately 120· apart, with one antenna pointed downstream and
the other pointed upstream. All electronic cables were encased in flexible metal conduit to
prevent damage from bears and rodents. To estimate the stations effectiveness, a riverboat was
used to drag a radio tag at 0.3 ill and 1.2 m depths from the bottom both upstream and
downstream of the station. The tag was effectively detected to a distance of approximately 350 III

upstream and 150 m downstreanl. The stations upriver and downriver combined effective tag
detection range was approximately 0.5 kill.

On September 8, installation was finalized by the attachment of the receiver, RDL, and lead-acid
battery to the unit. The battery was charged during the project by a solar panel mounted on the
tower. Satellite up-link capability was not used due to the additional time, weight, and
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operational constraints of the more complicated system. Reference tag 151.184 was positioned
approximately 150 m downriver from the stationary receiver to provide an hourly record for
evaluating station performance.

The authors downloaded the data station information during each aerial survey. Before
downloading data from the stationary receiver to the portable computer, checks were completed
to ensure that the receiver was detecting the reference tag, all settings were correct, battery
voltage was acceptable, and no damage had occurred to the unit After downloading the data, the
equipment was again checked. Migration timing of radio-tagged fish was detemlined from the
capture location to the stationary receiver site, and gave the number of radio-tagged fish
continuing upstream.

The stationary receiver received signals transmitted from the radio tags and decoded them when
the signal became sufficiently strong. After decoding a transmitter, the receivcr would continue
to cycle through all the frequencies. The frequency, code, signal strength, and time for each
unique signal was recorded into memory the first time during each one-hour interval it was
detected by the stationary receiver. However, the exact time a radio tag lefl the detection area was
not recorded. Therefore, the number of hours a radio tag was detected by the station is a
maximum value. For example, a fish detected for two hours by the station could have been ill the
detection zone anywhere from 2 minutes (i.e., entered at 0059 and left at 0100) to 120 minutes
(i.e., entcred at 0000 and left at 0159).

Ground Tracking

Opportunistic tag rccovery on the spawning grounds occurred during the coded wire tag recovery
surveys (October 11-14) and the ground population estimate surveys (October 15-19).
Additionally, tile authors visited the spawning grounds on two occasions (October 15-16 and
October 20-21) to locate tagged fish using telemetry equipment and to recover radio transmitters.

Data Allalysis

Average migration time from the coded wire tag recovery camp to tile stationary remote tracking
station was calculated by subtracting the time radio-tagged fish were first detected by the station,
from the time they were released after tagging. Tagged fish were released at study Ian 0 and first
detected around study Ian 10.5 (0.5 km below stationary receiver locatcd at study km II) for a
total distance of 10.5 Ian. Differences in migration rates were tested using the Kolmogorov­
Smimov test between internal and external tagged fish and between those fish released aftcr
tagging at the fish wheel to tllose released upriver approximately 100 m.

Radio-tagged fall chum salmon spawning locations were estimated [rom the general area in which
,U1 individual fish was located for more than one survey, consistent with known spawning biology.
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For fish having highly variable locations between surveys, spawning locations became the area
where the sustained inactivity signal flJ"St appeared.

Chum salmon spawner residency time was estimated by subtracting the date a tagged fish was first
detected in its' spawning location from the first date of sustained inactivity signal transmission. The
sample mean and variance were used to estinlate the population mean and variance for the portion
of the run sampled.

RESULTS

Appendix A is a summary of the tagging and tracking history for all 123 radio tagged fall chum
salmon followed during this study.

Fish Taggillg

The left bank fish wheel (traveling downstream) operated from August 16 to September 29 with
the first fall chum salmon caught 011 August 20. The right bank fish wheel operated from August
26 to October I. A total of 1,962 fall chum salmon and 363 other fish were caught by both fish
wheels (not including recaptures) during the 1997 fall field season. Species other than fall chum
salmon represented 15.6% of the catch. Apparently, the fall chum salmon tagged from September
9-16 were tagged near the mid-portion of the run and those fish tagged on September 26-28 were
tagged between the three quarter point and the end of the run (Figure 5).

Of the eight chum salmon initially tagged with internal tags on September 9, four had moved
upriver and four remained downriver near the fish wheels, as documented a few hours later by
foot and using an antenna in the riverboat. On September 10, the eight fish tagged the previous
day were tracked by boat up to the stationary receiver. One fish passed the station around 0700
that morning, two fish were 3 to 4 km below the station, one fish was I km upriver from the
tagging camp, and four fish remained near the fish wheels. Because the tags near the fish wheels
had not moved upriver, perhaps they had been regurgitated. Three more internally tagged fish
were released later that afternoon ailer being tagged and held for several hours in a holding tank.

On September 11, the tagged fish were tracked upriver to the stationary receiver. Of the eleven
tagged fish, five were upriver (three upriver of the stationary receiver) and six were still near the
fish wheels. Because many of the tagged fish located near the fish wheels had not moved, it was
suspected these fish had regurgitated their tags. Apparently larger tagged fish were coping bener
with the internal tags than smaller tagged fish. The length range of the tagged fish was 52 to 62
em. Of those fish within 52 to 56 cm, one fish had moved upriver and five remained downriver
near the fish wheels. Of those fish 57 and 58 cm, one had moved upriver and one remained
downriver by camp. Of the three fish 59 to 62 cm, all had moved upriver.
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On September 15, using the internal dummy tags from ATS, eight fish were sacrificed after
inserting the transmitters into various sized fall chum salmon. The smaller sized tags could be
placed farther into the stomach Ulan the original tags but would again tear the stomach wall if
pushed too far. The tag placement in the digestive tract ofilie sacrificed fish are shown inTable 1.

From September 13-16, eighty-eight fish were tagged with external transmitters (Table 2). One
tag (152.282, code 13) was not released because it was not transmitting properly. From
September 26-28, the remaining tags were deployed (12 internal and 12 external).

The 123 fall chum salmon tagged on the TokJat River came from ilie left bank (n = 71) and right
bank (n= 52) fish wheels. There were nine separate days of fish tagging, categorized as early
(September 9-16) or late (September 26-28). There were 99 early and 24 late-tagged fish. The
sample released included 100 externally and 23 internally tagged fish. The first eleven fish had
original sized internal tags. The remaining twelve internal tags were deployed in the late tag
group and included five intermediate and seven small sized tags.

The authors tagged 115 fish with the remaining eight fish tagged by four individuals. Sixty-eight
males and 55 female fall chum salmon were tagged, ranging in size fi'om 500 mm to 685 mm
(Figure 6).

Aerial TrackiJI"

Seven aerial sllJveys were conducted using a helicopter (September 15, 19, 26, and October 2, 6,
14, and 24) and one with an airplane (September 30). The objective of the first five aerial
helicopter surveys was to locate all tagged fish in the system. The intention of ilie October 14
survey was to locate all tagged fish except those remaining below study \em 19 because those tags
had not been moving upriver in prior surveys and elinlinating that search area could reduce costly
survey time. The goal of the October 24 survey was to locate only those fish tagged in the late
group that had moved upriver above study km 19. The September 30 a.irplane survey funded by
the National Park Service provided us with an opportunity to locate those fish not found on
September 26.

During each aerial survey between 83 and 100% (overall average was 95%) of the tagged fish
were located (Table 3). On more than one survey only one tag (152.463, code 13) was not located
on surveys conducted on September 26 and October 6.

Early and late-tagged fish locations for the first six aerial surveys are provided in Figures 7. 8,
and 9 showing the progression of tagged fish upriver. Analyses of fish locations by area are
provided in Appendices B and C for each aerial survey. Tills includes early-tagged versus late­
tagged fish locations (Appendix B), externally tagged versus internally lagged fish locations, and
tagged male versus female locations (Appendix C). Also included are sustained inactivity signal
results based on tag deployment method and date of tagging.
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The analysis showing the differences between intemally tagged to extemally tagged fish and
early-tagged to late-tagged fish excluded all fish that likely died or lost their tags near the tagging
site. Of the first eleven intemally tagged fish, which had original sized radio transmitters, four
(37%) either died or regurgitated their tag in the proximity of the tagging site. On September 26
and 27, the smaller modified intemal tags were deployed and only one of 12 (8%) internally
tagged fish either died or lost it's radio transmitter near the tagging site.

During the aerial surveys, visual observations of spawning activity in Geiger Creek began on
September 19 and in the Toklat River mainstem upstream from study km 28 begirll1ing on
September 26. Spawning activity was observed as far downstream as study km 24 on October 24.
During aerial surveys conducted before mid-October, spawning activity was observed but
sightings were obscured by glacial water conditions.

Stationary Remote Tracking Station

The stationary receiver detected 106 of the 115 tagged fish (92%) that passed the station. Eight
tagged fish never made it upriver to the station and nine others passed the stationary receiver
undetected. All tagged fish traveling by the station that were not detected passed between
September 26 and October 2. During this same time period, however, 12 other tagged fish passed
the station and were properly recorded. While downloading the data from the tracking station on
September 26, the receiver was processing the frequencies abnormally slow. Upon departure the
problem was still unresolved. The problem was self correcting because the unit was functioning
normally on the next site visit on October 2 when the data was downloaded again.

The line-of-sight distance a tag could be detected by the stationary receiver was approximately
0.5 km. The stationary receiver detected tagged fish as they passed the station anywhere from I
to 100 hours (Figure 10). The median of the distribution was 2.0 hours. The mean detection time
was 8.2 hours with a standard deviation of 16.0.

The average migration time for tagged fall chum salmon from the tagging site to first detection
by the stationary tracking station was 3.9 days (median = 3.0 days) with a variance of 6.9. Using
the median value of 3.0 days, the migration rate for this distance is 0.15 kmIhr.

The distribution of travel time was similar between tagged fish released directly at the fish wheel
(average = 3.6 days, median = 2.7 days) and those released approximately 100 m upriver
(average = 4.1 days, median = 3.3 days) with and without outliers included in the analysis
(Kolmogorov-Smimov, p = 0.243). The distribution of travel time was different between internal
(average = 3.1 days. median = 2.1 days) and extemul (average = 4.0 days, median = 3.1 days)
early tagged fish with and without outliers included in the analysis (Kolmogorov-Smimov, p =

0.017). There were only 7 intemal and 6 extemul late-tagged fish detected by the stationary
receiver. Excluding a single intemal outlier (15.9 days), late-tagged internal and extemal fish
appeared to have similar means at 2.2 days and 2.5 days respectively. Because of the small
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sample sizes involved, difTerences in travel time between late-tagged internal and external fish
were not tested.

Ground Tracking

On October 14, after aerial tracking fall chum salmon with a helicopter on the Toklat River, the
Fishery Biologist II (FBII) was dropped off at the Sushana River cabin to remain with the foot
survey crew. Over the next two days, 40 radio-tagged fish were tracked in the traditional foot
sUlvey spawning grounds area (study km 41 to 45) using a hand held directional antenna and
receiver. On October 15, the FB II accompanied the foot survey crew as they counted fish
beginning in the lower stretches of the survey area (study km 41.5) and working south along the
eastern floodplain upriver and into the Sushana River (study km 45). A total of 36 radio-tagged
fish were located in the spawning grounds area wiUlin approximately 100 m of their true
location. On October 16, the east side of Wolf Island Slough, Wolf Island Creek, Roadhouse
Extension, and Roadhouse Slough were covered and an additional four tags were located.

Estimated fish locations were compared between the October 14 aerial survey and the October 15
foot survey estimates. Treating the foot survey estimates as the "true" locations and assuming no
movements had occurred in the last 24 hours for tagged fish, differences were calculated between
Ule aerial survey locations (study kilometer) and those of the foot survey (Table 4). The resulting
differences were normally distributed with a mean of -0.22 and a variance of 2.29 indicating tbat
on average the aerial survey locations were estimated about a quarter of a kilometer less than
those estimated from Ule foot survey. This is the likely result of conducting aerial surveys
traveling upstream with two directional antennae's aligned at approximately 30 degrees from the
front of the helicopter. Seventy-eight percent of the differences were within one km.

During the two days spent on the spawning grounds, two radio transmitters were physically
located. The first (152.375, code 13) was located in the Sushana River near Ule cabin. The tag
was found lying on the bottom of the creek nearly invisible against the matching gravel and not
attached to a fish. The fTont cable tie and pin had separated from the epoxy attachment into top
and bottom portions because the bottom part of the epoxy base was well attached to the radio
transmitter while Ule top portion was missing along with the cable tie and pin. The rear cable tie
and epoxy base were still firmly attached to the radio transmitter, yet the pinhead had pulled
through both of these attachments. Approximately 50 m below the location of the recovered tag,
a fish was found wearing a single Petersen disc held in place by the pin and cable tie that had
apparcntly pulled through the epoxy. The fish was a male with a fork length of 590 cm. This,
however, did not match Ule fish with tag 152.375 (code 13), which was a male of615 cm. It is
difficult to determine which transmitter this fish might have been wearing because there were six
tagged males with length 585 cm to 595 cm (Ulfee with length 590 cm) in the spawning grounds
area according to Ule aerial sUlvey records.

The second recovered tag (152.432, code 19) was found in east Wolflsland Slough in the woods
above a cut bank underneath a dead, desiccated fish. The tag was not connected to the fish. The
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front cable tie and epoxy base were completely removed fi'om the body of the tag. Thc rear epoxy
base was intact but the cable tie and pinhead had pulled through the epoxy it is not known if the
predator caused the damage.

On October 19, during the foot survey count, the foot survey crew found a detached radio tag
(153.093, code 10) lying at the bottom of Geiger Creek approximately I Ian upriver from the
confluence. The front cable tie and epoxy base were intact but the pinhead had pulled through the
epoxy. The rear epoxy base was mostly intact with one large piece missing where the cable tie
and pinhead had apparently ripped loose.

Another example of a radio tag becoming detached from a fish occurred during tagging when a
male (630 crn) was recaptured in the left bank fish wheeliS hours after being tagged in the right
bank fish wheel. The fish had definite Petersen disc marks and the coded wire tag recovery crew
found the radio transmitter in the live box. The epoxy, cable ties, and Petersen needle heads were
firmly attached to the radio transmitter. The Petersen needle wires had broken off above the
epoxy base. It is likely that the wire of the Petersen disc became entangled in the live box mesh
upon recapture and the fish struggled enough to break both wires.

The foot survey crew observed approximately six fish with Petersen discs in the two days spent
on the spawning grow1ds. Of these fish, they could not tell reliably if these fish carried radio
transmitters. The FB II did find two of these fish visually and simultaneously track their
movements using telemetry gear.

Prior to the FB II's arrival on the spawning grounds, two Fish and Game employees sampling fall
chum salmon for coded wire tags over three days captured three fish having Petersen discs
without radio transmitters. Similarly, on October IS, in Wolf Island Creek, the FB IT found a
dead fish in the slough that had one Petersen disc but no tag. The disc was held in place by a pin,
which had apparently pulled through the cable tie and epoxy.

On October 20, the authors returned to the spawning grounds to gather more evidence of tagged
fish losing their radio transmitters. Unfortunately, a couple days prior to their arrival, an apparent
ice jam in the lower Toklat River spawning groW1ds flooded the area. As the water levels
subsided, ice was deposited in layers 0.5 m to I m deep over the majority of the flood plain. The
Sushana River was murky and the water level was rising at the time, probably because of the
Toklat River changing course and diverting much of its silt load into a slough of the Sushana
River upriver of the cabin.

During the three-day stay on site, numerous radio transmitter tags were located using telemetry
equipment but could not be physically retrieved due to the heavy sheets of ice covering the
shorelines, turbid water conditions, and high water levels. At the time the crew was unable to
fjord the floodplain due to overflow conditions to reach and survey Geiger Creek, which is
typically more stable.
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Data Analysis

The spawning locations could be subjectively identified for all 115 radio-tagged fish that had
moved upstream past the stationary receiver (Figure II). Based upon the estimated spawning
location of 92 early-tagged fall chum salmon. approximately 71 % of the nm passing the tagging
site from September 9-16 may have spawned in the Toklat Springs (confidence interval
approximately 0.170). In addition, based on a sample size of23 late-tagged fish, only 32% of the
run passing the tagging site from September 26-28 may have spawned at the Toklat Springs.

For the early tagging period, of the 66 tagged fish that may have spawned at the Toklat Springs
area, researchers estimated at least two washed out of the area (this does not account for the
unknown nwnber that lost their tags and then washed out undetected). For the late tagging
period, of the seven tagged fish that may have spawned at the Toklat Springs area, none washed
out of the area. This translates to 97% or less for the early tagging period (September 9-16) and
100% or less for the late-tagging period (September 26-28), of those fish passing the tagging site
remained in the Toklat Springs area during subsequent ground surveys.

The relationships between the estimated fish spawning locations and the sex, size, and tag design
of the radio-tracked fish were tested. Distributions for tagged male and female estimated
spawning locations were similar (Figure 12). Any significant relationship between the estimated
spawning location and the size of tagged fish were lacking (Figure 13). The paltell1 of estimated
spawning locations for intell1ally and extell1ally tagged fish were similar (Figure 14). The small
sample of intell1ally tagged fish, however, prohibits any firm conclusions from this relationship.
Further analyses among the estimated spawning locations of late-tagged fish show similar
distributions for internal and external tagged fish (Figure 15).

Estimates of the spawning residence time of radio tagged fall chum salmon were not made
because the aerial survey budget was not sufficient to provide for the additional flights that
would have been necessary to address the issue. To evaluate if early-tagged fish exhibited a
significant difference from late-tagged fish in strean1 residence, the date of tagging was plotted
against the number of days between tagging and the date of first detecting a sustained inactivity
signal (Figure 16). There is no pronounced visual di fference in the number of days from tagging
to the documentation of a sustained inactivity signal for early and late-tagged fish.

DISCUSSION

The first portion of this discussion will address four explanations that have been previously
discussed by staff as reasons why the Bendix sonar counts differed so greatly from the foot
survey estimates in prior years. Possible explanations for the differences were: I) unknown or
underestimated species composition, 2) undocumented spawning locations, 3) multiple sonar
counts of single salmon, and 4) salmon spawning ground residency time.
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The species composition of the fish wheel catches in 1997 were similar to the 1996 percentage,
with species other than salmon comprising 15.6% and 10.4% respectively. [t continues to appear
unlikely that the abundance of othcr species alone can account for the varying discrepancy
between the ground survey and the sonar passage estimate.

The documentation that potentially significant proportions of Toklat River fall chum salmon
spawn in areas other than the tradi tional ground escapement survey area known as Toklat Splings
is of particular interest. Although the surveys did not locate any new tributary spawning areas,
the spawning activity was estimated to begin 22 km downstream and continue for 16 km
upstream of the TokJat Springs. Likely the percentage of Toklat River spawners that utilize the
spawning areas below and above the Toklat Springs is inconsistent from year to year. Even
though prior aerial surveys of the Toklat River had documented spawning outside of the Toklat
Springs, the level of contribution was previously thought to be very low as compared to the
spring area (Louis Barton, personal communication). Possibly, based on this radio telemetry
work, these areas may support around 30% of the spawners in any given year, but could be higher
for later portions of the run. Previously, the department reported the expanded growld survey
estimates as the Toklat River fall chum salmon population ablll1dance. This feasibility study,
however, indicates that areas outside of the traditional survey area may, in some years, be
important for spawning. This suggests that grolmd survey counts of the TokJat Springs should be
characterized as an index number rather than a population estimate.

One theory for explaining the discrepancy between the sonar and grolll1d survey estimates which
has been brought forward, is that TokJat River fall chum salmon migrating past the sonar site
may be counted multiple times. Theoretically, the salmon may migrate past the sonar (cowlted),
drop back past the sonar (uncolll1ted), and again migrate past the sonar (colll1ted). A single fish
could exhibit this behavior multiple times. This theory appears to be consistent with sonar
technician observations on the calibration scope. Technicians reported seeing not only standard
salmon type electronic spikes of normal duration during their calibrations but also spikes
narrower, shorter, and of less duration. The smaller spikes may bave represented salmon
returning downstream. This theory appears to be subjectively supported by the radio telemetry
data. Since the Bendix side-scan sonar site was only approximately 2 knl downstream of the
stationary tracking station, the migration speed and fish behavior docltmented at the tower would
expect to be similar to that exhibited at the sonar site.

The migration speed of fall chum salmon has typically been estimated at near 48 knl per day.
This estimation would require a fish to migrate an average of 2 km/hr. Subjective field
observations have indicated that this average migration rate may be considerably less the closer
the fish gets to the spawning ground. Two approaches were used to obtain a quantitative estimate
of the migration speed of radio tagged fall chum salmon in the Toklat River. One method of
examining the migration rate was by calculating the amount of time between the releases to tile
first record of passage by the stationary receiver. Additionally, the cumulative amount of time
was calculated for each fish as it passed through the recording range of the stationary receiver. A
median migration speed of 0.15 km/hr (3.6 km/day) was estimated for tagged fish from the time
of release to the stationary station. This rate may be somewhat less than for untagged fish since
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there was probably an unknown "hold over" for tagged fish before resuming their upstream
migration. Possibly tagged fish would seek out slower water and hold for a time before beginning
their upstream migration afier experiencing the stress from capture, handling, and tagging. This
idea seems consistent with the estimation that tagged fish were migrating at a minimum speed of
0.25 km/hr in the location of the stationary receiver.

Having estimated the range of the stationary tracking station to be 0.5 krn, researchers expected
most radio tagged salmon would be detected one time by the stationary tracking station if most
fish are traveling at 2 lan/hr. A fish traveling at 2 km/hr will spend 0.25 hours within the range of
the stationary receiver.

Because the stationary station only records the time a tagged fish is first detected and not when it
leaves the detection area, the number of one-hour intervals a fish is recorded is a maximum
value. Most of the radio-tagged Toklat River fall chum salmon were detected for two one-hour
intervals. This infonnation suggests that most radio-tagged Toklat River fall chum salmon were
migrating at a minimum speed of 0.25 km/hr (0.5 km detection distance by the station and most
fish detected for two hours) in this portion of the river. Of the 106 radio tagged salmon recorded
moving upstream of the stationary station, 44 were detected for three hours or more.

Relative signal strength records of radio tagged fish were reviewed for fish having more than four
hours of receiver detection time between the upstream and downstream pointed antenna. In an
attempt to see if the relative signal strength records would clearly document an
upstream/downstream movement within the 0.5 km recording distance of the station. Eleven of
the 27 fish whose time in within the receiver range was greater than four hours appeared to have
retumed back downstream one or more times. Unfortunately documentation of signal strength of
the control radio tag in various upstrcam and downstream locations was not collected, therefore
the infomlation has no point of reference. If additional research was conducted the remote
tracking station could be set lip to collect this type of infom1ation to provide a better
understanding of the migration behavior of fish in the Toklat River.

The possibility for a sonar to produce multiple counts appear supported: by the two
independently estimated migration speeds of 0.15km/hr and 0.25km1hr; that 87% of the radio
tags detected by the stationary station were recorded for more than one hour; that two radio tags
passed the stationary station multiple times; and that the directional antel1Jlas of the stationary
station appeared to indicate an upstream/downstream movement within the zone ofdetection.

The radio tracking infom1ation collected in this study was insufficient to estimate accurate
migration rates or spawner residence time. Two approaches could be utilizcd to collect this
infonnation. Either increasing the number of aerial surveys while decreasing the time between
surveys to approximately three days or by increasing the number of stationary tracking stations.
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Fish Taggillg

The tagging process on the Toklat River began with eleven internally tagged faJl chum salmon.
Tins initial test group of eleven fish that received internal radio transmitters into their stomachs
on September 9 and 10 appeared to have poor tag retention based on the tag's lack of movement.
Regurgitation was suspected resulting from the inability to insert the tag deep enough into the
stomach without rupturing the walls because the esophagus and stomach had begun to lose its
elasticity in the process of reabsorption.

This lack of elasticity was totally unexpected. Mr. Eiler had radio-tagged salmon throughout
much of Alaska, ranging from coastal to interior stocks, often near the spawning grounds. He had
never witnessed stomach linings as thin and inelastic as seen on the Toklat River in 1997. This
fall from September 17-25, John experimented with fall chum salmon near Rampart on the
Yukon River with a portion of the tags not yet deployed on Toklat River fall chum salmon. The
purpose was to compare the stomach elasticity of mainstem Yukon River fall chum salmon
stocks which would have migrated a similar distance from the ocean but were not as close to
their spawning grounds. The standard sized internal tags used for this project were inserted into
fish at Rampart with no stomach tearing related problems.

Improved internal tag retention was demonstrated by using smaller internal tags than those
originally ordered. Based on the ease of application, depth of insertion, and tag retention, the
small internal radio tags were preferred to either the internlediate or the original sized tag. Eleven
of the twelve (7 small and 5 internlediate) transmitters (92%) internally tagged fish in this late tag
group moved upriver past the stationary receiver as compared to only seven of the first eleven
(64%) internally tagged with the standard sized transmitter. These results suggest that internal tag
sizes may vary for salmon species depending upon their migration distance and how close the
tagging location is to the spawning ground.

The debate of internal versus external tag application continues. This study has demonstrated that
external tags can be used with a low initial loss through either death or tag discard. A large
percentage (97%) of the externally tagged fish (n=IOO) moved upriver at least as far as the
stationary receiver (study Ian II). However, after travelling upriver, an llllknown portion of these
fish lost their tags. The tag loss appears to be caused by I) a failure of the epoxy glue used to
connect the tagging pins to the radio transmitter, 2) wire failure, and 3) the plastic cable tie
breaking. Likely most of the tag loss occurred during or just before the act of spawning when
aggressive behavior and salmon susceptibility to predation increases. If this is true, externally
tagged fish provided reasonable estimates of spawning locations but may not have given accurate
estimates of wash-out rates after expiration. The carcasses would be unavailable to the foot
survey abundance estimation but the radio tag signal would still indicate the fish being present in
Ole spawning ground area.

Regurgitation of internal tags is believed to occur during the first 24 hours. After this period, tag
loss rates should diminish as tagged fish move upriver to spawn. Assuming this is true, then
internally tagged fish may provide reasonable estimates of wash-out rates for dead fish assuming
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that sustained inactivity signals are truly representative of dead fish. Further, internal tags are
virtually impossible to see on a fish in the water, and therefore, should not increase their
predation.

Another concern raised in previous tagging studies suggested externally tagged fish may be
preyed upon more heavily by predators such as birds or bears. Based on the limited observations
from the Toklat River spawning ground foot surveys this year, it is not believed that predation is
likely to be significantly greater for externally tagged fish than those not tagged. The only visible
component of the external radio tags was the two orange Petersen discs but e\ en those were often
difficult to locate in the river.

Tagged Fish Tracking

Originally, the aerial surveys were intended to occur approximately once every five days with
one person in a small R22 two-man helicopter. However, after the September 15 aerial survey
conducted by the authors and John Eiler, it was realized that it would be too demanding and
time-consuming for one person to track all the radio tags in a single survey. Tberefore the study
was modified to survey over a longer peliod of time (evely four to ten days) using a larger four­
man helicopter. Unfortunately, the necessity of using a helicopter which could transport two
individuals for tracking cost more and decreased the total number of surveys.

The seven aerial helicopter surveys conducted on the Toklat River provided sufficient date­
specific tagged fish locations to estimate spawning localions. 11 did not suffice, however, for the
estimation of migration rates or spawning residence time. These parameters would require a
greater number of aerial surveys, perhaps a survey every three days.

Fish exhibiting a sustained inactivity signal may have less reliable estimated locations than other
tagged fish. When a fish dies, often the carcass is carried by tbe current to the shoreline where it
comes to rest and ends up out of water during the natural recession. Because the signal from a
transmitter out of water travels farther than a signal originating underwater it can be decoded
from a great~r distance which will increase the error between the estimated and tme location for a
radio tag. On foot surveys, the gain control (how much the incoming signal is amplified) on the
receiver can be lowered as the distance to the transmitter decreases. This allows the tracker to
better identify the location of the transmitter because the signal is not "peaked out". However,
when conducting aerial surveys, rarely does enough time exist to optimize the gain for each
incoming signal because of tbe overwhelming nwnber of tagged fish in most areas and the
survey time constraints.

Based on the sample location comparisons of the tagged fish locations on October 14 versus their
actual ground locations on October 15, the aerial survey estimated fish locations appear to be
good approximations of the true fish locations.
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Data Analysis

The authors would like to ensure that readers understand the qualifiers related to this study. This
study was conducted during one field season, with limited sample sizes, limited aerial tracking
time, and possible tag loss problems (both regurgitation and external separation). The data from
this study is a beginning foundation for more fully investigating annual migration rates, annual
spawner distribution, annual spawning stream residcnce, and arUlual wash-out rates for dead fish.
The greatest usc of this data would be to incorporate these findings into a multi-year project to
understand thc inter-arulUal variation for the parameters of interest.

The number of days from tagging was documented from a sustained inactivity signal (Figure 16).
Superficial examination of this infornlation could be misleading because several problems exist
with the infornlation. First, the date a sustained inactivity was detected can only occur on a
survey date. Unknown is exactly when the signal first began; which could have happened any
time from the last survey not producing a sustained inactivity signal. Thus, the number of days
fTom the date of tagging to the documentation of a sustained inactivity signal is a maximum
value. Additionally, because of possible tag loss, the proportion of tagged fish that lost their tags
before expiring is unknown. A high proportion could cause the number of days from the date of
tagging to documentation of a sustained inactivity signal to be lower than reality if the lost
transmitters became inactive.

RECOMMENDATIO S

For future radio telemetry projects within the Toklat River on fall chum salmon, the use of the
small (10-35 size) or intermediate sized (2/3AA size) internal radio tags is recommended.
Internal tag size selection is balancing the needs of finding a tag which has sufficient battery Ii fe
for the duration of the study, is small enough to be seated within the stomach without rupturing
it, yet is large enough to prevent easy regurgitation. The smaller tags deployed in late September
were successfully implanted with an acceptable retention percentage. Although presently
unquantifiable, researchers believe internal tags minimize problems associated with alteration of
migration speed or behavior, tag loss, predation, and wash out rates. An alternative would be to
use external tags designed by the radio tag manufacturer where the tagging pins would be molded
into the body of the radio transmitter. With the external pins an integral part of the radio-tag
rather than a glued on component, less problems with the transmitter becoming detached from
the fish would be expected. Further, if an after market modification is necessary to convert
internal tags to external use, the heads of the tagging pins should be wider to prevent them from
being pulled through the cable tie and/or adhesive.

For this study a single stationary remote tracking station located at study km II. A single talion
was used primarily because bon·owed equipment was used and the helicopter costs associated
with installing and dismantling more than one station for this fcasibility phase were prohibitive.
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If a larger tagging study were conducted in the future, using two or more satellite compatible
stationary tracking stations could drastically reduce aerial survey time. For a two station
approach, placing one stationary station below the traditional foot survey area and placing a
second station above the foot survey area, would allow detennination of which fish were in the
spawning area. Aerial surveys could then seek only those fish not having been recorded by the
stations. This could dramatically reduce costly aerial survey time. These two stations would
enable calculations of spawning ground residency time, time of the first inactivity signal, and
carcass wash out rates, without the confounding problem of lag time between aerial surveys. The
preferred approach would be to use three satellite compatible stationary tracking stations. The
third station, in addition to the two previously mentioned, would be located near study kill 11 (as
in this study) to provide documentation of tagged fish upstream movement reasonably soon after
tagging.
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Table 1. Internal dummy tag placement results for eight Toklat River fall chum salmon
sacrificed on September 15, 1997.

Tag Sex
Number

Male

2 Male

3 Male

4 Female

5 Female

6 Male

7 Female

8 Female

Length
(mm)

~635

~635

635

530

545

600

610

590

Tag Size

Large diameter,
long

Large diameter,
long

Small diameter,
long

Small diameter,
long

Small diameter,
short

Small diameter,
long

Small diameter,
short

Small diameter,
long

Comment

Visible in throat, ripped stomach.

Visible in throat (slightly deeper) ripped
stomach.

Ripped stomach.

Went down well - pushed farther in.

Ripped stomach - unsure when the rip
occurred.

Stomach okay but ripped when pushed
farther.

Stomach okay when pushed farther; it
went in 3 inches. Much more elastic than
others.
Ripe fish (loose, pouring eggs). Pushed in
1 inch before stomach ripped.

Large diametcr (1.6 cm), long (5.8 cm).
Small diameter (1.2 cm), long (6.6 cm).
Small diameter (1.2 cm), short (5.6 cm).
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Table 2. The date, number, and type of radio tags applied during the 1997 Toklat River fall
chum salmon radio telemetry project.

Date Number Tagged Tag Type

September 9 8 Internal

September 10 3 Internal

September 13 30 External

September 14 40 External

September 15 10 External

September 16 8 External

September 26 I Internal

September 27 22 I I Internal, II External

September 28 External

Total 123 100 External, 23 internal
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Table 3. The number and percentage of radio tagged fall chum salmon located during each of
seven aerial surveys of the Toklat River, 1997.

Survey Date Number of Tagged Number of Tagged Percentage
Fish Located Fish At Large Located

September 15 88 88 100

September 19 95 99 96

September 26 87 99 88

October 2 l19 123 97

October 6 119 123 97

October 14 118 123 96

October 24 20 24 83
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Table 4. The estimated difference between the locations of radio tag lineal frequencies located
during an aerial survey (October 14) and a ground truth survey (October 15) on the
Toklat River, 1997.

Frequency, Code Ground urvey Aerial Survey Difference

Stud Km Stud Km
152.252.13 43 43 0

152.252,19 44 44 0

152.282,19 43 42 -1

152.314, I 0 44 44 0

152.314,19 42 40 -2

152.344, [0 42 42 0

152.344,13 42 42 0

152.344,19 44 42 -2

152.375,13 44 44 0

152.403,13 42 43 1

152.403,19 44 46 2

152.432,13 42 38 -4

152.494,19 44 44 0

152.524,13 43 42 -1

152.554,10 42 42 0

152.554,19 44 43 -1

152.584,13 42 43 I

152.584,19 42 42 0

1 2.614.10 43 38 -5

152.674,10 42 44 2

152.764,13 42 45 3

152.793, I 0 43 42 -I

152.793,13 43 44 [

152.823,10 42 42 0

152.853,10 42 40 -2

152.944,10 43 42 -I

153.004,10 43 43 0

153.124,10 44 44 0

153.153,10 44 43 -I

153.183,10 42 43 I

153.273,13 43 43 0

153.273,19 43 44 I

153.304, I0 43 43 0

153.333, I0 44 44 0

153.393,13 43 43 0

153.453.13 42 43 I

Average = -0.22
Variance = 1.29
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Area 0 (study km -14 to -1) - Confluence with the
Kantishna River to the coded wire tag recovery site.

Area 1 (study km 0 to 9) - Coded wire tag
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Appendix A. The tagging and tracking history for all radio-tagged fall chum salmon on the
Toklat River in 1997.

Frequt'IIC)' Tagging IIt/ormaria" TrackittG IIr/ormat;oll
Sun'ey Type Dale Locatio" Olhu

152.222 Tagged at 0950 on 9·Sep Boat 09-Sep Arca O. km·J
Code 10 Stnndard Size Internal Tag Boat 09· ep Area 0, klll·1

I Male Bo;!t 09-Sep Area 0, km·l

560mm Bont 09-51:1' Area 0, km·1

Tagged fresh olTthc fish wheel Boat 10-Sep Area 0, km-1

Boat 10-Sep Area O. km-1
Boat 10-Sep AreaO. km-I

Ilelicopter 15-Sep Area 0, km-1

llclicopler 19-5ep Area O. km-I
Helicopter 26-Sep Area 0, km-I

Ilellcoptcr 02-OcI Area O.!un-1

Ilelicopter 06-0<1 A~a O. km-I
71/is lng was likely regurgill1/eJ Helicopter 14·Oct Notlocmed

,,"ar lilt' fl.fll wht't'l Hehcopter 24-Oct Old not attemnt 10 locale for thiS .survev

152.252 Tagged at 1651 on 9-Sep Boat 09-Sep Art:a I. lunD
Code 10 Standard Size Internal Tag Boat 09-Scp Area I, km 3

2 Male Bo" 10-Sep Areal, km 9

620mm StatIon 10-Sep Area 2, km II
In live box less < 6 hours Ilelicopter 15-Sep Area 4, km 44

Helicopter 19-5ep Area 5, kin 52
Helicoptcr 26-Sep Area 5, kin 56 Mortality signal detccted
Helicopter 02-0ct Area 5, km 56
Helicopter 06·0ct Area 5. km 55 MortalIty signal detected

Estlmmetl spllwn;ng locntlon Ilelicopter 14·0ct Area 5. km 51 Mortality signal detected
IS km 5ti HelicoOler 24;Oc1 Did not auemgt tQ locale fOT thIS survey

152.282 Tagged at 1645 on 9-Sep Bo" 09-Sep Are:! 0, km·1
CotJe 10 Standard Size Internal Tag Boat 09-Sep Area O. km-I

J Female Boal 09-Sep Are:a O. km ·1
560mm Boat 10-Sep Area 0, km-I

In live bolt less < 6 hours Boat 10-Sep Area 0, km·1
Boat 10-Sep Area 0, km-I
BoD! 10-Sep Area O. km-I

Helicopler 15-Sep Aren 0, km-I
Ilelicoptcr 19-5ep Area 0, km-I
Ilelicopicr 26·Scp Area 0, km·[
Ilelicoptcr 02·QCI Area O. km·J
IlelicOIJlCr 06·0ct Area O. km-I

This Ing II'IIS like(v regurgitated Ilclicoplcr 14·0ct NOllocalcd
fln,r IIIP fish wllt't'1. IlelkQplcr 24-0cl Did nQ! !I!!Cmpl to locate for thIS .~Ilrvey

152.314 fagged at 1655 on 9·Sep Boat 09-Sep Area I. kin 0

Code 10 Standard Size Internal Tag Bo" 09-Scp Are:a J.kmO
4 Femllie Boat IO·Scp Area I. km 8

550mm Stallon II·Sep Area 2. ~m II
In live box less < 6 hours Ileikopier 15-Sep Area 2. km_3

Helicopter 19-5ep Area 4. km 43
Helleoptcr 26-Scp Area 4. km 44
Ilelicoptcr 02-Oet Area 4. km 45
llellcopter (}()-OCI Area 4. ~m +4
Ilclicoptc:r 14-0ct Area 4. km +4

Estimated spmll/ing loeM/oll Ground IS-Oct Area 4. km 44

if k", J4 Ilehcol)tcr 24·0ct Did not allcmpl 10 locate fl'T thIS survey
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Appendix A. (Page 2 of 22)

Frt!qllf!lfc)' Tagging In/ormation Tracking Informarion

S"n'f!Y T)'~ Dale Location Other

152.)"''' Tagged al 1659 on 9-Sep Bo't 09-Scp Area I. km)

Code 10 St:lOdard ize Internal Tag StIllion 10-Scp Arca 2. km 11
S Male Ilelicoptcr IS-Sep Area J. km 28

590 mm I lei icopter 19·5ep Area 4, km 45

In rive box less < 6 hours Ilelicopter 26·Scp Area 4, km 41
Helicopter 02-0ct Area 4. km 42

J lelicoptcr 06-0et Area 4, km 42 Mortality signal detecled

Helicopter 14-0cI Area 4. Ian 42 Mortality signal detected
Ground IS-Oci Area 4, km 42

Eslmulled spawning locauoll Ground 20..ocl Area 4, km 42

iskm .J:! Helicopter 24-Oct Old nOi altcmut 10 locale for this 'Survev

152.375 Tagged III 1702 on 9-Sep Boat 09-Sep AreaO. 1an·1

CodtlO Standard Size Imernal Tag BOllt 09-Sep Area I. km I
6 Male Boat 10-Sep Area 1, km I

570mm Baal ll-Sep Area I. km 9
In h"e box. less < 6 hours Stallon ll-Sep Ar~2,km 11

Helicopter IS-Sep NOllocared

Ilelicoptcr 19-5ep Area 4, km 44

Ilclieoptcr 26·Scp Area 4. km 42

Ilelieoptcr 02-0ct Area 5, km 46

Ilelicoplcr 06-0et Arca 3, km40

Estimated spawfling location Helicopter 14-0ct Area 3, km 32 Mortality signal detected

i.rkm ./". Helicopter 24-0cl Old nOl atlemQl to locate for thiS survey

152.•03 Togged al 1706 on 9-Scp Bo" 09-Sep Area 0, km·J

Codl!IO Standard SIze Internal Tag Boal 10-Sep Area O. km ·1

7 Male Bo" IO-Sep Area 0, km-I

540 mm Bo" 10-Sep Area 0, km-I

In live box. less < 6 hours Bo" 10-Sep ArenO, km·1

Helicopter IS-Sep Area I, km 0

Helicopter 19-5ep Area 0, km-2 Mortality sIgnal detected

Helicopter 26-Sep Area I. km 0 Mort3hty signal detected

Ilcheopicr 02-0cl Area I, km 1 Mortality Signal detected

Ilelieoptcr 06·Qct Aren 0, km-I Mortality signnl dctected

TIllS tag \~"as likely regurgitated Ilelicopter 14·Qct Not located

near tilt' firh wlwel Helicopter 24·0et Did nOI 3ttempt to locate tor this survey

152.432 Tagged at 1715 on 9-Sep BOilt 09-Sep Area 0, km-l

Code 10 Standard Size Internal Tag Boat 09·Sep Area 0, km-I

8 Female Boat 10· cp Area O. km·1

520 rnm Boat 10-Sep Area O. km·1

In live box. less < 6 hours Bo" IO-Sep Area 0, km-2

Ilclicopter 15-Sep Area 1. km 0

Helicopter 19·5ep Area 0, km·8

1felicopter 26· ep Area O. km·-1 Monnhty signal detected

Ilelicopter 02-Oct Area O. km-2 Mortality slgmll detected

Ilelicopter O6-Oct Area O. Km-2 Mortality Signal detected

nils jish ltkcly diet! lIeor the IIc:hl'Oplcr 14·Qct Notloculed

fish 1I"!rl',1 IlclicoDlcr 24-0ct Old nOl attempl 10 locale for this surve...
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Appendix A. (page 3 of22)

Freqllellcy Tagging Ill/ormar;o/l Tracking I,,[ormation

SlIn'ey Trpe Date Location Otllt!r

152.463 Tagged ..! 2050 on IO·Scp Baal Il-Scp Area 0, km·2

Code 10 Standard Size Internal Tag Stallco 14-Sep Area 2, km II
9 Female Helicopter 15-Sep Arca 2. kIn IS

5S0mm HelIcopter 19-5ep Area 2. km 23
Released from holding pen Ilelicopter 26-Sep Arca 2, km 20

aOer4.7 hours Helicopter 02-O<t Area 2. km 18 Mortality signal detected
Helicopter 06-{)c1 Are3 2, km 21

Eslimmed spall'nillg location Ilelicoptcr 14-OcI Area 2, km 18 Mortality signal detected
;s km /9 Helicopter 24-Oct Did nOlllttcmpllo locate ror !hls survey

152.494 Tagged al 2052 on IO·Scp Boat II-Sep Area O. km-I
Code 10 Standard Size Internal Tag Stallcn IJ-Sep Arc:l 2. km 11

10 Male Helicopter IS-Sep Arca 2. km 18
570 mm Helicopter 19-5ep Area 4, km 43

Released from holding pen Helicopter 26-Sep Area 5, km 49 Monallty sIgnal detected
aner 4 7 hours Ilelicopter 02-0<1 Area 5. km 49

llelicoptc:r 06-O<t Area 5, km 47 Monllhty sIgnal detected
£Stimnted spawning location Helicopter 14-Oct Area 4, km 44 Monnlity sIgnal delected
is km 49 Helicopter 24·Oct Did not attempt to locate for Ihls !lllrvey

152.524 Tagged at 1900 on IO-Sep Boal II-Sep Area I, km I
Co~e 10 Standard Size Imemal Tag Station IJ-Sep Area 2, kill II

II Male Helicopter IS·Sep Area 3. km 28
620mm Helicopter 19-5ep Area 3, km 32

Escaped from holding tOle with Helicopter 26·Sep Not located
inlcnllonal1y ruplured stomach Airplane 30-Sep Area 4, km 43
after I 10 -4 hours in captivity. Helicopter 02-O<t Are:. 4. km 42 Monahty SIgnal detccted

Helicopter O6-O<t Area 4, km 44 Monallty sIgnal detected
Estimatetl spnwnillg location Helicopter 14-Oct Area 4, km 42 Monality sIgnal detected
if km 43 HelicoPI(! 24-Oct Did not atlemp! 10 locllle for this survev

152.554 Tagged at 1115 on 13·Scp Station 15-Sep Area 2, km 11
Code 10 First External Tag Released Helicopter IS-Sep Not located

12 Male Helicopter 19-5ep Aren 3, km 36
590mm Helicopter 26-Sep Area 5, km 50

In live box less than I hour Helicopter 02-O<t Area 4. km 42
Ilelicopt(r 06-{)c1 Arca 4, km 42
Helicopter 14·0ct Area 4, km 42 Monatity signal detected

Estimated .rpouonil1g locntion Ground 15-0<1 Area 4, km 42
if km 4: Ilelicopter 24-<Xt Did not attenmt to locale for thl' survev

152.58-1 Tagged ot 1118 on I3·Scp Stallon 15-Sep Area 2, km II
Code 10 External Tag Helicopter 15-Sep NOilocated

IJ Male Helicopter 19·5cp Area 3, km 36
590mm Helicol)ter 26-Sep Are:! 5, km 50

In live box less than I hour Helicopter 02·0cl Area 4, km 42
Helicopter 06·0ct Area 4, km 42
Helicopter 14·0ct Arc:! 4. km 42 MonalilY signal detected

£JtlIlIl/fed .rpoll'lIinK locatiOIl Ground 15-O<t Area J, km 42
Hkm4! Helicopter 14.Qct Did nol nllempt 10 locale for thi~ wrvev
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Fr~qlltncy Taggi,'g Ill/ormation Tracking f'iformruioll

S"n'el' Tret Daft locatiOll Ot/"o,

152.61..1 Tagged al 1122 on 13·Sep Ilclicopicr 15-S<p Area 2. km II
CodtlO ExlcmalTag Istlon 16-S<p Area 2, km II

I' Female Helicopter 19-5<p Area 3, km 33
595 mm Ilclicopicr 26-S<p Area 4, km 41

In live box less than I hour Helicopter 02-<Jct Arca4. km43 MortalilY sIgnal detected
Helicopler 06-oct Area 4, km44
Helicopler I.-<Jct AroaJ,kmJ8 Mortality signal detected
Ground 15-<Jc' Area 4. km 43

Esllmated spm\7Jing location Ground 20-O<t Area 4. Ion 43 Monalily signal detected
iskm,4J Helkopter 24-Oct Did not alteropl to log1le for !hjs survey

152.644 Tagged at 1230 on 13·Sep Helicopter 15-Scp Area I, km 2
('alit 10 E.~lemal Tag Helicopler 19-5ep Area I. km 9

15 Female Station 24-Scp Area 2, km 11
565 mm Helicoptcr 26-Scp Area 2, km 25

In live boll:: less than 1hour Helicopter 02-0et Area 3. km 28
JIcheopter 06-0<1 Area 3, km 29

Station 10-Oct Area 2. km II Passed station at 0455
SW,tlon IO-Oct Area 2, km II Passed station at 200R
Station 12..oet Area 2. km II

Ilelieopicr I" )ct Not located
ESlimnred spawning location Ground IS-OCI Area 4. km 42
iskm 4l. I!elieoplcr 24-0C! Are:l 4. km 43 Morality signAl detected

152.67" Taggt.-d at 1245 on ]J-Sep Ilcheopler 15-Scp Area I. km 6
Code 10 External Tag Statlon IS-Scp Area 2. km II

16 Female Helicopter 19- cp Area 2, km 19
590mm Helicopter 26-Scp Area 4, km 43

In live box less than I hour Helicopter 02-0ct Area 5, km .16
Helicopter 06-0<1 Area 5, km 49 Monality signol detected
Ilellcopler 14-Dct Area 4, k.m 44
Ground IS-Oct Area 4, km ~2

£Summed spawning loention Ground 20-0" Area 4, km 42 MOliality signal detected
;s km 49 Helicopter 24.Qct Did not ..!temp! !Q loc:t!s for this survey

152.70' Tasged at 1630 on IJ-Sep Helicopter 15- cp Area J. Ian 9
Cooe to External Tag Slallon 16-';<.'P Area 2. km J I

17 Female Ilelicopicr IY-S<p Area 3, km 29
580mm Helicopter 26-s..'P Area J. km 34 MonalilY signal detet.'1ed

In live box. less than I hour Helicopter 02-Oct Area J, km 35 MOliahty signal detected
Released upmer 100 m@ 1630 Ilellcopter 06-Qct Area J. km 36 Mortality signal detected

Eslimn/ed spawning location He1tcopu:r 14-Oct Area J, km 35 Mortality sIgnal delecu:d
is ~m 35 l'eheoO'cr ?"-Oct Old not allcmpt tQ locale for lhls survey

152_733 Tagged at 16170n 13-Sep lauon 14-s..'P Area 2. km II
CotlelO External Tag HelICopter 15-s..'P Area 2. kIn 15

IS Male Helicopter 19-5<p Area 4, km ~I

540mm Helicopler 26-S<p Art.'3 4, k:r!" ..J..1

In lIve box less than I hour Helicopter 02-0et Area 4, km J I Mortality signal detected
Released upmer 100 m@ 1630 Ilcllcopter 06-0ct Area 4, km·U Mortality signal detccted

£~'fJmated spaWlIJllg loention Ilehcopler 14-O<:t Area 4. km 42 Mortallty sIgnal detected
is Jo.m.J~ IlehCtmlcr 24-Oct Did not attclnrt 10 localC for tl1l5 siln cv
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Frl!qlll!IIc)' Taggi"G IIrjormatio" Truckit,g l/1formoliol/
SUrl'ey Type Dare Locatioll Otllf!r

152.76' Tagged at 1622 on 13·Scp Helicopter IS-Scp Area 2, km 10
CodtlO External Tag Station IS-Scp Area 2. km 11

19 Female Helicopter 19-5cp Area 4, km 44

570 mm Helicopter 26-Sep Area 4, km 42
In live box less lhan I hour Helicopter 02-Oct Area 5. km 47 Mortality signal detected

Released upnver 100m @ 1630 Helicopter 06-Oct Arca 5. km 48 Monality signal detected
Estimaled spawning locatio" Helicopter 14-O<:t Area 5, km 49 Mortality signal detected
;d;mP Hellcop!er '4-0ct Did nO! 3!1empllQ locale for Ihis suo'cy

152.793 Tagged 1111923011 [). cp StatIon 15·Sep Area 2, km 11
Code 10 Extemal Tag Ilclicoplcr IS-Scp Area 2, km 14

20 Female Helicopter 19-5cp Area 4, km 44
630mm Helicopter 26-Scp Area 5. km 57

In live box less than 2.5 hours Helicopter 02-Oct Area 4, km 44
Released upmer 100m 19S5 Helicopter 06-Ocl Area 4, km 42 Mortality sIgnal detected

Helicopter 14-0ct Area 4, km 42 Mortality signal detected
EstimalM Sp"wllmg localion Ground IS-Oct Area 4, Ion 43
is km J] HelicoO\er 24.Oct Area 4 km 43 Mortality signal detected

152.823 Tagged at 1928 on 13·Sep Hellcoptcr IS· ep Area 2. km 10
Colic 10 Externnl Tag Station 16-Sep Area 2, km II

21 Male Helicopter 19-5cp Area 4, km 42
S50mm Helicopter 26·Sep Area 4. km 42

In live box less than 2.5 hours Helicopter 02-0"t Area 4. km 42
Releascd upriver 100 m@ 1955 Helicopter 06·0ct Not located

Helicopter 14-Oct Area -I, km 42 Mortality Signal detected
Estimated spcJ".mng loct/lion Ground IS-Oct Am 4, km 42
i.fkm 4] HeliCOQler Z4-Oct Did not attempt to locate for this 'lurvev

152.853 Tagged at 1933 on I3·Sep Helicopter IS-Sap Area 2. km 12
Code 10 External Tag SUllon IS-Sap Are:a 2. km II

22 Male Helicopter 19-5ap Area 2. km 15
575 mm Helicopler 26-Sap Area 3, km 40

In Jive box less than 2.5 hours Helicopter 02-0ct Are<l4, km 42
Released upnver 100 m@ 1955 Helicopler 06-00< Area 3, km 40

Ilelicoplcr \4-0ct Area 3. km 40 Manality SIgnal detected
ESlimtlfl..W spawllillg location Ground IS-Oct Arell 4, km 42
iskmJI Helicoptcr N.Det Did not alfcmot In locate for tillS :;urvcv

152.88'- Tagged al 1938 on I3-Scp Station IS-Sap Area 2. km II
Co~. 10 External Tag Helicopter IS-Sap Area 2. km II

23 Male Helicopler 19-5ap Area 3. km 39
54Smm Helicopter 26-Sap Area 5, km 57

In live box less than 2.5 hours Jfelicopter 02-00l Area 5, km 58 Monall1Y signal detected
Released upflver 100 m@ 1955 Ilelicoptcr 06-Oc< Area 5, km 58

ESfimmed spaw/lillg locatloll Helicopler 14·0Cl Area 5. km 57 Mannlity SIgnal dctectcd
ij,' kill 58 ! Iclicopter 24-0c\ Did flO! aucmpt to Joc:He for IhlS survey

152.913 Tagged at 1942 on I3-Scp Statlon IS-Sap Arca 2. km II
Code 10 External Tag Helicopter IS-Sap Area 2. km 17

Z' Male Itelicoptcr 19-5ap Area 3. km 39
<>00 mm Ilehcoplcr 26-Sap otlocated

In livc box less lhan 2.5 hours Iitlicoptcr OZ-Oct Arc:a4,km41
Rek-ascdupnver lOOm@1955 Ilelicopter 06-Oct Area 4. km.1.2

£Sflmtlt~ SpOIl'lIillg locmio" Ilelicopter I4-Oet Arca 4, km-lj Monallty signal detectcd
if km 4J IfcliCS1Dlcr ;-l·Oct Did nut nllempt to lucate lor thi~ ~lIrvev
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Frrqll~ncJ' Tagging Information Tracking In/ormation

S'In't!,. Tj'pe Dale I.OCil/ion Other

151.944 Tagged Dt 1946 on 13-Sep Stillion 15·Sep Area. 2, km II
Code 10 External Tog Helicopter 15·Scp Area 2. km 17

25 Male Helicopter 19·5.p Area 3, km 36
61Smm Helicopter 2b·Scp Area 4, km 42

In live box less thun 2.5 hours Ilclieoplcr 02-0cI Not loented
Released upriver 100 m@ 1955 , Iclicoplcr 06-0cl Are1l4, km 43

Helicopter 14-oci Area 4. km 42 Mortnlity signal detected
Estimated spawning location Ground 15-ocI Area 4. km 43

is km 43 HelicQn!!;r '4-Ocl DId 00! attempt 10 locale for Ihis syryey

152.973 Taggcd3! 1957 on 13·Sep Stlltion I4-Sep Area 2. km 11
Code 10 Extemal Tag Helicopter IS- ep Area 2. kr.: 23

26 Female Helicopter 19·5cp Area 3. km .10
SJOmm Helicopter :6-Scp Are3 2, km 27

In live bO't less than 2.5 hours Helicopler 02.()ct Arell 3. km 28 Mortllhty signal detected
Released upriver 100 m@2010 Helicopter O<>-Oc, Area 3. km 28 Mortality signal detected

£Slimmed spawning location Helicopter 14.()ct Area 2. km 27 Monahty sIgnal detected
i1 tnt ;8 Heljcopter 24-0rt Did nO! ::Iltrmpt 10 locate (or tbis sUITey

153.004 Tagged at 1959 on I3-Sep Stutlon 15-Scp Area 2, km 11
Code 10 External Tag Ilelicoplcr IS·Scp Areu 2. km 13

27 Male llelieopler 19·5ep Area 3. km 39
590 mm llelicoptcr 26-Scp Are::! 4, km 42 Mortality signal detected

In live 00'( less than 2.5 hours Ilelicoprer 02·0~'t Arca4, km 43 MonalilY signal detected
Released upriver 100 m@2010 Ilelicopter 06-0ct Area 4. km 42 Monality signnl detccted

Helicopter 14..Qc1 Area 4, km43 MonaHlY Signal detected
utflnared spfll\ning location Gmund 15-0cl Area 4. km 43
l! km 41 Hcliropter "4-0£1 Did nol jlllempt 10 locn1r for tbiS SY'Y(Y

1S3.03' Tagged III 2003 on 13·Sep Helicopter 15·Sep Area I. km 4
Code 10 Ex!em31 Tog Helicopter 1,)·Sep Area I. km 9

28 Ft"'lale StaUon 21-Sep Aru 2, km II
So: mm Ilelicopter 2b-Sep Area 2. km 26

In live box less than 1,5 bours Helicopter 02..Qct Area 3, km 33
Released upriver 100m @ 10 I0 Ifeticopler 06-0<. Areo3. km 32

Eswnaret! spawning locarion Hellcopler 14-Oc, Area 3. km 34
It Irm U H(licocrer 24-0cl pld no! rJltempt 19 lOCAte for IbiS surv(y

153.064 Tugged at 2008 on 13·Sep Helicoptcr IS-Scp Area 2, km 12

elide 10 EXlemal Tag St:ltll)n 17-Sep Area 2, km II

29 Mule Hellcopler 19-5cp Area 2, km:7

585 mm Ilclicoptcr 26·Scp Area 2. km.7
In live box less thnn 2.5 hours Ilclicopter 02-0ct Area J, km 29 Mon:lhlY slgmll detected

Released upriver 100 m@2010 Ilelicoptcr 06.Qc1 Area 3. km 31 MortAlity signal dctccled

£stmwt(!t! spmtni"K locatIO" Ilclicoptcr 14..Qcl /\rca 2. km 26 Mortality Signal dctCt,1ed

it Am '11 Hdjcopler 24..(kt Djd OOllitlempl 10 illCl!!e lOr Ihl~ survey

153.093 Tagged at 20 II on 13~ ep Ilelicopter 15·Scp Aru. 2. km 10

Code 10 External Tag Slatlon 17·Sep Area 2. km II

30 Female Helicopter 19·5cp i\n:a 1, km 23
570mm llelicoptcr 26-Sc.p NO! loca(t.'d

In live 00, les' thnn 1.5 hours IlclicoPICf 02-oci Art114. km 43 Monalily Signal detccted

Released upnver 100 m lq-' 1010 Hclicopler 06-0...1 Are1l4. km.g
£:mmnred sp(/\~ning lowrum Helicopter 14--oct Area 4. km 42
II km .JJ Helicopter '4-fkt DId not rmerom to ltl(ate for thle: survey
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Frequellcy Tuggillg t,,/ormatioll Trockillg hr/ormarioll
SIIrI'ey Type Dare Locatioll Or/ler

IS3.IH Tagged at 2140 on 13· 'cp Helicop(er IS-Sep Area 2. km 12
ode 10 E:<tcmal Tag Slauon 17-Sep Area 2. km II

31 Male Helicopter 19·5ep Area 3. km 28
SlOmm Helicopter 26-Sep Area.J, km 4S

Fresh caught Hehcoplcr 02-Oe. Area 4, km 44

Released upnve:r 100 m 2200 Hehcopter 06-Oc. Area 4, km·n Mortality signal detected
Helicopter 14-Oct Area 4. km 44

Esrimmed spa\l'/ling fOCfl/ioll Ground IS-Oc. Area 4, km 44
is km 44 HellcQlllcr 24·OcI Old nOl attempt to locate ror tIm; survey

153.153 Tagged 312150 on I)·Scp Helicopter IS-Sep Area l. km 6
Code 10 Extemal Tag Station IS-Sep Area 2. km 11

J2 Female Helicopter 19-5ep Area 2. km 20
535 mm Helicopter 26-Sep Area 4. km 43

Fresh caughl Helicopter 02-Oc. Area 4. km 42 Mortality signal detected
Released upnver 100m @ 2200 Ilelicoptcr 06-Oc. Are:t 4, Ion 4-1 Mortality Signal detected

Ilelicopter I4-Oc. Area 4. km 43 Mortality signall1ctected
Ground IS-Oc' Area 4, km 44

Estimated spawning location Ground 20-Oc' Area 4, km 44 Mortality signal detl.'Cled
iskm44 Heljcol2ler 24..Qct Old nOl attempt to !ocme [or Ihls survey

153.IS3 Tagged at 2200 on 13·Sep Station 14-Scp Area 2, km 11
Codl' 10 ExtemalTag Helicopter IS·Scp Area 2. km IS

JJ Male Helicopter 19-5ep Are:! 3, km 40
595 mOl Ifelicopter 26-Sep Area 4. km 41

Fresh caught Helicopter 02-Oct Area 4, km 42
Released upriver 100 m@2230 Helicopter 06-Oc. Area 4, km 42

Helicopu:r l4--Oct Area 4. km 43 Mom-lit)' Signal detected
Ground IS-Oc' Area 4. km 42

ESlimmed spawnmg locatioll Ground 20-Oc. Area 4, km 42 Mortallt)' signal detected
if kill 41 Helicopter "4·Oet DId not jlllemnl to locale for Ihis survev

153.213 Tagged at 2210 on 13-Sep Helicopter IS-Scp Area 2, km 10
Code 10 External Tag I-Ielicopter 19-5ep Area 2, km 10

34 Male Station 22-Sep Area 2, km II
655 mOl Helicopter 26-Scp Area 3. km 39

Fresh caught Helicopter 02-Oc' Area 4, km 41
Rcleased upriver 100 m@2230 Helicopter 06-Oc. Area 4, km 42

Helicopter 14.()ct Area 4, km 43 Mortality signal detected
Eswnnted spt/wning loca/ion Ground 16-Oc. Area 4, km 42
i.fkmJl Helkont£[ ~4.Qct Old no! ;lllemnllO locme for IhlS survev

153.243 Tagged at 22 13 all 13·Sep Helicopter IS-Sep Area I. km 6
ode 10 External Tag Helicopter 19,5cl> Area I, km 6

3S Male Ilelicopter 26-Scp Area 1, km 6
600mm f Ichcopter OHk. Area I. km 5

Fresh caught Helicopter 06-Oc. Area I. km 5
Released upmer 100 mia' 2230 Helicopter 14-Oet Area I. km 5 NOIlocated

nus tag was Pllhfr losr near Ilelicopier 24·Oct DId not anempltO locate fot thiS survey
I..", 5 nr rhf' fi1h died
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Freqlli!lJc)' Taggillg III!ormntinfl Truckillg Informalioll

Surllel' TJ'pe Dare l.ocnrilJlI Other

15J.273 Tagged at 2217 on IJ-Sep Station 15-Sop Area 2, km 11
Cotle 10 External Tag IlellcoptN 15-5ep Area 2, km 16

36 Female Helicopter 19-5ep ArcaJ.km31
SSOmm Helicopter 26-5ep Are'J ·t Ion 44

Fresh caught Helicopter 02-Q<:1 Area 5. Ion 48
Released upn\lcr 100 m @ 2230 Helicopter 06-Q<:1 Area 5, km 48 Mon31ily signal detected

Esf/lnaled spmvnillg location Helicoplcr 14-OcI Area 5, km 49 Mortality signal detected
is knt 43 Helicopter 24-OcI O,d not ancmpt to loc:'lIe for thIS 'Hlrvey

15J.304 Tllggcd " 2220 on 13-Scp lation IS-Scp Area 2. km 11
Cotle 10 External Tag Ilelicoptcr IS-Scp ArC3 2, km 20

J7 Male Helicopter 19-5cp Arell 3, km 38
540mm Ilelicopter 26-5ep Area 4, km 42

Fresh caught Helicopter 02-OcI Area 4, km 42 Monahty signal detected
Released upriver 100 00 2230 Helicopter O6-Oct Area 4, km 43

Helicopter 14-OcI Area 4. koo·n
ESlimmed spmHring location Ground 15-Q<:1 A=~.km4J

iskm·H Helicopter 24-OcI DId nO! altempt 10 loc;l.lc for Ihis survey

ISJ.3JJ Tagged aI 2230 on 1)·Sep Helicopter IS-Scp Area 2. koo 12
od~ 10 EXlernal Tag Statinn 17-Scp Arca 2. km II

38 Male Helicopter 19-5cp Area 2. km 19
525 moo Ilelicoptcr 26-Scp Aren J, km 35

Fresh caught Helicopter 02-OcI Not located
Rdcasc:d upn\'cr 100 m @ 2250 Ilehcoptcr 06-OcI Area 4. km.w

Ilehcoptcr I~-Q<:t Area 4. km +4

£SlJmmed spawnillg IMotio" Ground IS-Q<:I A=4. km44
;s km 44 Helicopter 24-Oc1 DId not ptrc:mnt to lacme for thIS SUrH'\'

15J.363 Tagged al1233 on 13·Sep Helicopter IS-Scp Area J. km ~

Code 10 External Tag Hdicopter 19-5cp Areal.kooll
3<) Female StatIon 19-5ep Area 2. km 11

545 mm Ilelrcoplcr 26-Scp Area 4, km 44
Fresh cDught Ih:licoplcr 02-OcI Area 4, kin 42 Mortality signal detected

Released upnver 100 m@2250 Ilehcopter 06·0ct Are:14, km 44 Mortality signal detected
EstmlOled SPllhlli/lg locolion HelIcopter I4-Oc1 Area 4. km 44 Mortality SIgnal detected
is km 4J Helicopler 24-0ct Did not attempt 10 IOC:lle (or thIS 'illfvey

15J.393 Tagged at 2050 on lJ-Scp Helicopter 15-5ep Area 0. km·1
Code 10 E'lcmal Tag Helicopter 19-5cp Are:! I, km ~

JO Male StatIOn B-Scp Areal.km II
50mm Ilehcoplcr 26-5ep Area J, k.m J~

In Jive 00;( less lhan 2 hours Helicopter 02-Q<:t Area 4. km 42
Rcl~ased upnvcr 100 m @ 211 5 Helicopfer Oo-Oct Area 4. km 42

Estimart'll spawl/ing loco"oll Ilelicopter 14-0cl Area 4, Ion 42 Mort:llity signal detected
is kl/l O/? Ilcheapter 24-0cI Did nOI gttcnlllltQ locale lOr Ihis sur\l~v

153..124 Taggt.-d ilt 2239 on 13·Sep Ilelicopter IS-Scp Area l,km7

tode 10 EXlernal T:J:g Helicopter 19-5ep Area 2. km II
JI Male StatIOn 20-5ep Arta 2 km II

600mm Hellcopler 2fJ-Sep Area 3. ~m J..J
Fresh caught Ilchcopler 02-Q<:1 Area 3, km.w

Relc~ upnver J00 m 'It :U50 Ileltcopicr 06-Q<:t Area 4. ~m 42
£SUnil/ted spawnmg IOCtllion Helicopler l-l-Ott AfCa4. km ~3

IS ~m 41. Helicopter 24.OcI Old not ,1Ilt:mptto IOC:llc: lor thi~ ~llrvCY
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Frequency Taggi,,!: Ittjorlllat;uJ/ Tracking III/ormation
Sune)' 7)lpt' Date Location O,htr

Is3As3 Tagged al 2244 on 13-Sen Helicopter Is-Sep Are:! 2. km II
Code 10 External Tag Station 16-S<:p Area 2. km II

42 Female Ilellcoplcr 19-5ep Area 3, km 35
580mm Helicopter 26·Sep ArC3 4, Ian 44

Fresh caught Helicopter 02·OcI Area 4, km 42

Released upnvcr 100 m 2250 Helicopter 06-OcI Area 4, Ion 43

Estimated rpawnlng locatio,. Helicopter i4-OcI Area.s, Ian 43
i.f km JJ Helicomcr 24-Oct Old not attempt 10 locale for thiS survey

152.252 Tagged at 945 on 14·Scp HclicoplCr IS-Sep Area I. km 3
Code 13 Extemal Tag Helicopter 19-5cp Area 2. km 12

43 Female Stillion 19-5ep Area 2, km II
595 mm Helicopter 26-Sep Area 4, km 42

In live box less than 1hour HelIcopter 02·0ct Not located
Released upnver 100 m@ 1010 Helicopter 06-QCl Area 4, krn 43

Helicopter 14-OcI Area 4. krn 43
ESlimmltd spOl.. ning locll/ion Ground Is-Ocl Are:!. 4, krn 43
is km 43 Helicopter 24-Oc! Old DOl allemm tQ locale for this survey

152.282 This transmltler did not work properly and was nOI used.
CQdel3

44

152..114 Tagged at 948 on 14-Sep Helicopter Is-Sep Area I, km I
Code 13 External Tag Helicopter 19-5cp Area I. km 9

45 Female Station 23·Sep Are:.! 2, km II
545mm Helicopter 26-Sep Area 3. k:m 29

In live box less than I hour Helicopter 02-OcI Area J. k.m 30
Rele:ased upriver 100 m@ 1010 Helicopter 06-0cI Area 3, krn 33

Estimated spawnmg location Helicopter 14-0cI Area 3, km 30
isltm JJ HelicQpter 24-Oct Did not attempt to locale fQr tbi~ survey

152.344 Tagged al953 on 14-Sep Helicopter IS·Sep Area l. km 5
Cudc 13 E.ot.temal Tag Helicopter 19-5ep Area I, km 8

46 Male StatlQn 22-Sep Area 2. Ian 11
6000101 Helicopter 26-Sep Area 4. km 41

In hve box less than 1 hour Helicopter 02-OcI Area 4, krn 42
Released upnver 100 m@ 1010 Hehcoplcr 06-OcI Area 4, k.m 42 Mortality signal detected

Helicopter 14-001 Area 4, km 42 Mortality signal detected
Ground 15-Oc. Area 4. km 42

Estutulfed spaWtlwg loemloll Ground 2Q-Oc1 Area 4. Ian 42
i.fkm 4] HellcQpter '4-Ocl Did nQt allemn! tQ locale for Ihi~ survey

152.375 ragged at 958 Qn 14-Sep Helicopter is-Sep Area 2. km 10
Colie 13 E:<lemal Tag StatlQn 17-Sep Area 2. km 11

47 Male llehcopter 19-5cp Area 3, km 33
61Smm Helicopter 26-Scp Arc:l4. km 44 MonalilY signal detected

In llve box less than I hour Hclicopler 02-0cI Area S. km 47 MQnnlity signal detccled
Released upmcr 100m @ 1010 Ilehcoplcr O6-Oc1 Are:l4. km 44 Mortality slgJl:l.1 delec1ed

Helicopler 14-OcI Area 4. km~
£slimtltt!d spall ning location Ground 15-Oc1 Area~, km 44
IS Am./4 Helicopler 24=Ocl Old nQt 3l1enmt 10 locate for Ihl:i survey
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FrefJlle"CJ' TlIg~i"g I,,/orma/ion Tmcki"g lIiformation

Slln'er Tree Dtlfe !'ocnri(JII Other

152A03 Tagg~d at 1002 on 14·Sep Helicopter IS-Sep Area 2, km 10
Code 1) External Tag Station 17-Sep Mca 2. km 11

48 Female !/elicopter I'I-Sep Area 3, km 34
590 nun Ileljcopter 26-5cp NOllocaled

In Jive box less than I houT Helicopter 02-0ct Area 4, km 42
Released upriver 100 m@ 1010 Helicopter 06·0cI Men 4, km 42

Helicopter 14·0cl Area 4. km 43 Monalily signal detected
Estima/cd spawning location Ground IS-Oct Area 4, km 42

is kill 41 Helicopter 24·0cI Did nQt attempt to locale fgr this survey

152.432 Tagged al 1010 on 14·Sep Helicopter IS-Sep Area I, kill)
CotJ(' 13 External Tag Station [9~Scp Area 2. km 11

4'1 Female Ilelicopter I'I-Sep Area 2. km 16
575 mm Helicopter 26-Sep Not located

In live box less than J hour Helicopter 02-0cI Area 4, km 45
Released upriver 100 m @ 10 I0 Helicopter 06-0ct Area 3, kin 40

Helicopler 14-0ct Area 3, km 38 Mortality signal detected
Ground IS-Oct Area 4, km 42

Esrimated spall'nillg locnrioll Ground 20-0ct Area 4, km 42 Mortality signal detected
iskm 41. Helicoplcr 24-0cl Did not :Incmm tQ locate lOr this survev

152.463 Tagged at 1018 on 14-Sep Helicopter IS-Sep Area 1, kin 9
Code 13 External Tag Station 16-Sep Aren 2, km II

SO Male Ilelicoptcr I<J-Sep Area 2. km 13
580 mOl Helicopter 26-Sep Not located

In live box less than I hour Ilclicoplcr 02-0ct Area 4, km 41 Mortality signal dctected
Released upriver 100 m@ 1040 Helicopter 06-0Cl Not located

Estimared spawning 10carioll Helicopler 14-0ct Area 4, km 41 Mortality signal detected
is f.:m 41 IIelicoplcr "4-0ct Did not attempt to IOCjlte [or thiS su:vey

152.494 Tagged at 1244 on 14-Sep Helicopter IS-Sep Area I, km 7

Code 13 Extcrnal Tag Station 16-Sep Area 2, km II

51 Male Helicopter 19-5ep Area 2, km 24
555 mm Helicopter 26-Sep Area 5. kin 53 Mortality signal detected

In live box less than 2 hours Hehcopter 02-0ct Area 5, km 52 Mortalliy sll,'11al delected
Released uprivcr 100 m @ 13 I0 I[cHcopter 06-0ct Arca 5. krn 54 Mortality SIgnal dctccted

£stimnted spawnilfg location Helicopter 14-0ct Arc;) 5. km 47 Mortality signal detected
iskm 5~ Helicopter 24-0ct Did nOI altempt 10 locnte lOr this survey

152.524 Tagged <It 102 I on 14-Sep Helicopter IS-Scp Area 1, krn 6
Cotlc13 External Tag Station 19-5ep Area 2. km 11

52 Female Helicopter 19-5ep Not located
570mm Helicopter 26·Scp Area 3. km 40

In live box less than I hour Ilelicoptcr 02-0ct Area 4. km 42 Mortality signal detected

Released upriver 100 m@ 1040 Helicopter 06-0ct Area 4, km 44 Mortality signal detected
l-Ielicllptcr 14-0ct Area J. km 42 Mortality Sign:ll detected

£stimnterl.tpnll'nillg locarioll Ground IS-Oct Area 4. km 43

IS kill 4j, Helicomcr 24-0ct Did not <luenmt to locate for IhlS survev

152.554 T<lggcd at 1025 on 14-Sep Helicopler 15-Scp Are3 I, km 6

CtH.1C IJ Extcma[ Tag Ilelicopter 19-5ep Area 2. km 11

53 M:llc Station 20-Scp Area 2. km II
565 mill Ilcheoptcr 26·Scp Area J. km 32

In live box lc.<;s lhan 1 hour Ikhcoplcr 02-0ct Arca 3. km 36
Rclca.~cd upTlvcr 100 m (@ 1040 Ilclicoplcr O()-Oct Arca 3. km 40

£;}wnared sp(/lI'lIIng !vc:rltloll Ilclicoptcr 14-0ct Area 4. km 41

Isk", 41 Ilclll.:nptcl' 24-0ct Did 11m :lttlll1lpt to locate ftlf thiS ..,urvcv
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Freqlll!llc)' Tuggil/g III!Or1fUlfiOIJ Trackillg ItJjormu,;cJI/

SlIn'ey Type Dale LOCQtio" O,her

152.S8~ Tagged at 1028 on IJ-Sep Helicopter IS-Sep Area I. Ian 3

Code IJ External Tag Station 19-5ep Area 2. km II

54 Female Helicopter 19-5ep Area 2. km 15
585mm Hehcopler 26-Sep Area 4, Ian 42

In live box less than 1 hour Helicopter 02-0<:1 Area 4. km 42
Released upnver 100m 1040 Helicopter 06-0<:1 Area 4, km 42

Helicopter 14-0<:1 Area 4,!un 43
Estimated spawning locafloll Ground IS-Qct Area 4, km 42
is kill 41. HelicoQler 24-0cl Rid not attempt to locate ror this survey

152.614 Tagged at 2055 on 14·Sep Helicopter 15-Sep Area I. km 0
Code 13 External Tag Ilelicopter 19-5ep Area 2, km II

55 Male Stalion 20-Sep Area 2, km 11
645mm Helicopter 26-Sep Are:! 3. Ion 36

In live box less than 2 hours Helicopter 02-001 Area 4. km 41
Released upnver 100m @ 2115 Helicopter 06-001 Area 4, km 41

Estimated spawning focatiOff Helicopter 14-0<:1 Area.a, km 41
is km 41 Helicopter 24-Oct DId not ;HJemnt to lOCi!!' for tbjs survev

152.644 Tagged at 1032 on I4-Sep Helicopter 15-Sep Area 2, km II
Code 13 External Tag Station 17-Sep Area 2. km 11

56 Female Helicopter 19-5ep Area 3. km 33
525mm Helicopter 26-Sep Area 5, km 55

In live box less tban 2 hours Airplane 30-Sep Are' 5. kin 59
Released upriver 100 m 2115 Helicopler 02-001 Area 5. Ian 52

Helicopter 06-0<1 Area 5. kin 53 Mortality signal detected
£.stimtJled spawning location Helicopter 14-001 Area 5. Ian 56 Monality signal detected
i'i Ign 56. HeliCQQlcr '4=Oct O,d not atlgnplto locale for thl' survey

152.674 Tagged atl013 on 15-Sep Helicopter IS-Sop Area l,km4
Code 13 funemal Tag SUlll0n 19-5ep Area 2. km II

57 Male I-Ielicopter 19-5ep Area 2, km 13
575mm Helicopter 26-Sep Area 3, km 35

In live box less than 2 hours Helicopter 02-001 Area 4, km 41
Released upriver 100 m @ 1030 HelIcopter 06-001 Area 3, km 40

Estimated spawning locario" Helicopter 14-001 Area 4, km 44 Mortnlity Signal detected
is /un -13 Helicopter 24--Oct O,d nOI alleronl 10 locate for th,s survev

152.70~ Tagged at 1014 on IS·Sep Helicopter 15-Sep Areal.kmO
Code 13 External Tag Helicopter 19-5ep Area 2. kin 12

58 Female Station 19-5ep Area 2. kin II
545 mOl Helicopter 26-Sep Area 3. km 35

In live 00:< less than 2 hours Helicopter 02-001 Area 4. km 42
Released upnver 100 m@ 1030 Helicopter 06-001 Are' 3. kin 28

Estimated sptlllmillg loell/ioll Helicopter 14·Oct Area 3. km 29
if km ;9 HeljcQp!cr 24'Oct Djd not i'tlempt to !ocale ror This survey

152.733 Taggt.:d at 1249 on 14·Sep Ilelicopter 15-Sep Area I. Jon 5
Cotlc 13 btcmalTag Station 17-Sep Area 2. km I I

59 Female Helicopter 19-5ep Area 2. !em 21
565 mOl , lelicoptcr 26-Scp Area 2.~ 2~

In live box I~ than 2 hours Ifelicopter 02-0<:1 Area 2. !em 21
Released upriver 100 Ol 1310 Helicoplcr 06-0<1 Area 2. kIn 23

ESlimtlted spu1I'mllg localioll Helicopter 14-0<:1 Area 2, km 22 Mortality sIgnal detected
IsJ.m :!3 Helicopter ?.a-Oct Old nOi attcmpt to locale 'Or 1111* survev
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Frt!quf!lIt.:)' Taggi/IG Illformation l'rack,'''g 111/0,.11I0(;011

Stlrl'f!Y Type Date Locafitm Or/'er

152.764 Tagged 3t 1253 on 14-Sep Helicopter lS·Sep Area I, km 4
Code 13 Extemal Tag Station 17-Sep Area 2. km II

00 Female Helicopter 19-5ep Area 2, km 15

525 mm Helicopter 26-Scp Area 4, km 42
In live box less lh::m 2 hours Helicopter 02-0Cl Not localed

Released upriver IOU m@ 1310 Ilelicoptcr 06·0ct Area 3. km 40
Ilelicopicr 14-0Cl Area 4, km 45 MonDlity signal detected

ESlimated spawlling 10c(I/[oll Ground IS-Oci Area 4, km 42
is kill 45. Helicopter 24-Qq Did not attempt to locate for this survcv

152.793 Tagged at 2059 on 14-Scp Helicopler 15-Sep Area 2, km 10
Code 13 External Tog llclicoptcr 19-5cp Area I, km5

61 Female Station 22-Scp Area 2, km II
565 mm Helicopter 26-l\..:p Notloc:Hcd

In live bo...; less than 2 hours llelicopter 02-0el Area 3. km 3S
Relcased upriver 100 m @ 211 S Helicopler 06-0ct Area 3, km 37

llcllcopter 14-0cl Arca 4, km 44
Ground IS-Oct Arca 4, km 43

Estill/nlet! spawning locntian Ground 20-0Cl Area 4, km 43 Mortality sign;)1 dt,teclcd
is kill .JJ Helicopter 24·0ct Did not atlemnt 10 toc3te for lhis survey

152.823 Tagged at J255 on 14-Scp Helicopter IS-Scp Areal.km4
CQde 13 Extemlll Tag Stollon 19-5cp Area 2. kill 1t

62 Femalc Helicopter 19-5cp Area 2, km 19
560 mm Ilelicopter 26-Sep ArCB 3. km 30 Mortaht)' signBI detected

In live box less than 2 hours Helicopter 02-0ct ArcB 3, km 29 Mortality signal detected
Released upriver 100 rn @ 1310 Helicopter 06·0ct Area 3, km 29

Estimmet! spawning lacarion Helicopter 14-0cl Area 3. km 29 Mortality signal detected
is km 30 llclicopter 24-0rl Did not gUt'runt 10 loemc for th IS StlD'ey

152.853 Taggcdut21111 on 14-Sep Helicopter 15-Sep Arca l,km3

Code 13 EXlernal Tag Helicopter 19-5ep Area 2, km 12

63 Male Station 19-5ep Area 2. km II
560 mm Hclicopter 26-Scp Mea 4. krn 41

In live box less Ihun 2 hours Helicopter 02-0ct Area 3. km 30
Released upriver 100 m@ 1310 Helicopter 06-Oet Not IOCllted

Estima/ed spowning locmion Helicopter 14~Oct Area J. km 31
is kill ~ I Helicopter '4-0ct Did not attempt to locale for this survcy

152.884 Tagged ilt 1300 on 14-Sep Helicoptcr 15-Sep Area I, km 7

CoLic 13 E..;!emal Tag Station 16-Sep Arca 2, krn II

64 Mille Helicopter 19-5ep Arca 3. km 34

620 mm Ilehcopter 26-Sep Area 3, km 29 MOl1ality signal detected

In live bo..; tess than 2 hours Ilelieopter 02-0cl Arca 3. km 29 Mortality signal detected

Rclcllsed upnver 100 rn @ 1310 llelieopter 06-0cl Area 3, km 29 Mortality signal detected

ESlimared SfI(I\I'11ing loem/o" lIe1icopler 14-Qc.t Areu 3. kill 30 Mortality signal detccted

is km 29. Helicopter 24-OcI Did nm attempt 19 locute for this survev

152,913 Togged l.lt 1302 on 14~Sep Ilclicopter 15-Scp NO! located

Code 13 External Tug Ilelieopler 19-5ep Area 0, km ·10

65 Fel11ulc Stallon 23-Sep Area 2. km II

540 mm Helicopter 26-S~p Arca 2. km 26

In live box less thon :2 hours Helicopler 02-\ kl Area 3. kill 32

Released upmcr 100 m (Ii) 1310 Ilcllcoplcr OlHJct Arctl 3. km 33 Mortnlity signnl delected

Esrllllared SpOIlI1/IIr: local/f,)Ij Helicopter 14-0ct Area 3. km 28

i.f km 33. IlcllcnQlcr 24-Qct Did nm atlemnl to locale for thIS survey
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Fre.qufmq Tagging ltiformlltion Tracleing fnjormlllinn

Sun'?' Type. Dale. I.ocluion Olhu

152.944 Tagged at 1315 on 14-Scp Helicopter IS-Sep Area I. km 6
Code 13 External Tag Station 17-Sep Area 2. km 11

66 Male Ilclieoplcr 19-5ep Area 2. km 14
625 mm Helicopter 26-Scp Area 3, km 29

[n live box less than 2 hours Helicopter 02·0CI Area 4, km 43

Released upriver 100 m @ 13 t0 Helicopter 06-0Cl Area 4, km 44

Estimnt(!d SIUlwntllg locml'on Helicopter 14·0ct Area 4. km 44
i.f km 44 Helicopter 24-OcI Did nOt atttmm to !aeplc [or thIS survey

152.973 Tllgged 3.[ 1104 on l-l-Sep Helicopter 15- ep Are;) I. km 3

Code IJ External rag Ilelttopler 19-5ep Area 2. km 12
67 Male Smuon 19-5ep A~a 1, km 11

565mm Helicopter 26-Sep Area 4, km 41

In live box less than 2 hours Helicopter 02-0.. Area 4, km 41

Released upriver 100m 2115 Ilelicopler 06-0.1 Area 4, km 41 Mortality Signal den:cled
Helicopter 14-0e1 Alta 4, km41 Mortality signal detected

Estimated spawning location Ground 16-0.1 Are1l4. kIn 42
,skm41 Helicopter N-Oct Did nOI allernpt 10 locate for this sUrvey

15J.00. Tagged at 21 16 on 14-Scp Helicopter 15-Sep Aren I, km 3
Code 13 External Tag Station 17·Scp Aretl2,km 11

.8 Female Helicopter 19·5ep Area 3. km 30
550 mm Helicopter 26-Sep Area 5, km 47

In live box less thon 2 hours Helicopter 02·Oct Arell 4, km 44 MonalHy signllt detected
Released upriver 100 m @ 2 t30 Helicopter 06-0.. Area 4, km 43 MortahlY slgnu] detected

Estimated spawning location Helicopler I4-OcI Aren 4, km 44 Mortality Signal detected
iskm 4-/ Heljcopter 24-Oct Old not ntlCoopllO locale for this survey

153.03-1 Tagged lit 1318 on 14·Sep Helicopter 15·Sep An:a I. km I
Cod! 13 EXlemnlTog SUUlon 17-Sep Area 2, km II

69 Male Helicopler 19-5ep Area 2. km 22
6100000 Helicopter 26-Sep Aru 4, km 41

In live box less than 2 hours Ilelicopter 02-0.1 Aru -I, km J4

Released upnver 100 m@ 1340 Hellcopler 06-Qc. Area 4. km 44
EsI/malM spl"....n;ng localion Helicopter 14-OcI Area 4. km 42 Mortality signal detected
(skm 43 Helicopter 24-Oct Did nOlatlempttQ 10c:1le for this survey

15J.064 Tagged nt t321 on 14·Sep Helicopter IS-Sep Are:! I. km 1
Code 13 EXlernal Tog Helicopter 19-5ep Are:1 I, km 8

70 Female Station 22-Scp Mel!. 2. km II
545 mm SUllion 25-Scp Area 2. km t I

In hve box less than 2 hours Helicopler 26-Scp Not localed
Released upnver tOO m @ 1340 SUlIlon 27·Sep Area 2, km 11

llelicopter 02-0.. Area 2. km 27
Helicopter 06-0.1 Area 2. km 27 Momht} signnt detected

Esflmaretl spawning iocation Hellcopler I.-Ocl Art:12. km 15 Mortality signal detecled
;skm "7 Hr:1icopter 24-OrI Did not alltmnl !Q loeQlS! for thiS <;urvcv

153.093 Tagged 111 1324 on 14·Sep Helicopter 15·Sep Men I. km 7
adt 13 E!\tcmlll T:1g Suuion I6-Sep Area 2. km II

71 Male Ilelicopler 19·5ep Art:!. 3, km 36
530mm Ilelicopter 26-Sep Alta 3. km 40 MortlllllY signal dt:lccted

In live box It:ss !h:!.11 2 hours Ilelicopler 02-Oc1 Area 4. km 41
Released upriver 100m @ 1340 Ilellcoptcr 06-0.1 Area 3. ~m oW

tSI;mart·t! spawning iocation Helicoptt.·r 14-Oet Aten 3, km 39
iF k/1/ "J IltHcoQlcr ')4-Qcl Pid not pllcmnl In IOCtilC for thIS sliney
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FrequenCJ' Tagging flr/ormarion Trackit.g In/ormation
Slim!)' Tret! Daft! Location O,I,t!r

153.114 Tagg~d at 1327 on 14-Sep Helicopter 15·Sep Area I, km 2
CodelJ External Tag Ifeltcoptcr 19·5ep Area 1,km3

~2 Male Ilelicoptcr 26·Sep Area I. km 1

685mm Ifelicopter 02-0<, Area 1. km 1
In live box less than 2 hours Helicopter 06·O<t Area I, km 3

Released uprivCT 100 m@ 1340 Helicopter 14·O<t Not located
17I;s lag was either /011 near Helicopter 24-0<1 Did not attempt to locatc rOt this survey
knr ' qr the [ISh dift!

153.153 Tagged at 1331 on I4--Sep Helicopter 15·Sep Area I, km 3
Code 13 External Tag lallon 19·5ep Area 2, km II

73 Female Ilelicopter 19·5ep Area 3. km 3]

S85mm Ilelicopler 26·Sep Area 4. km 42
In live bo~ less than 2 hours Ilellcopicr 02-0<1 Area 4, km 43

Released upnver 100 m@ 1340 IIe1icopter 06·0<' Area 4, km44 Mortality signal detected
Esrimn/ed.1pawnilfg location HelIcopter 14·0<' Area 4. km 44 MOl1ality signal delected
11 km JI/ Helicopter 24·Ocl Did not :mempl 10 locale for Ihis SYrvev

153.183 Tagged 31 1334 on 14-.Sep Helicopter IS-Scp Area I. km 9
Code 13 E..xtemal Tag Sialion 16·Scp Area 2. km II

74 Male IlcHeaptcr 19·5cp Area J. km 33
595 mm Helicopter 26·Sep Area 2, km 24 Monaliry signnl detected

In live box less Ih;ln 2 hours Hellcopler 02-0<1 Area 2, km 27 Mortality signal detecled
Released upriver 100 m 1340 Helicopler 06·O<t Area 2. km 26 Monality signal detected

ESlimmed spawnillg locatioll Helicopter 14-O<t Area 2, km 25 Monalit)' signal detected
is km 16. ! leticoQlcr 24-Oct Did not puempl to locale [or Ihis sUrvey

153.113 Tagged at 1337 on 14-Sep Helicopter 15·Sep Mea l,km2
Codt 13 External Tag Hclicopt~r 19-5cp Area I, km 4

75 Female Station 24-Sep Area 2. km II
520mm llelicopler 26- cp Area 2, km 15

In live box less than 2 hours Helicopter 02·0<, Area 3. km 28
Released upnver 100 m @ 1340 Helicopter 06·0<1 Area 3. km 29

ES(lmtltel1 spa....."mg laealion Helicopter 14-Oct Area 3. km 29
is km 19 Helicon!!;r 24-Oet Did not 3ltempt to locate for thIS survev

153.143 Tagged at 2120 on I4-Sep Helicopter 15-Sep Area J. km 3
odtl3 Exlernal Tag JIeIicopter 19·5ep Area 2. km II
76 Female Stallon 23-Sep Area 2, km II

560mm Helicopter 26·Sep Area 3. km 26
In live box less than I hour Helicopler 01-0<1 Area 4, km·U

Releasl.'d upmer 100 m U) 2130 Helicopter 06-0<, Area 4, km 42

Eslllnnu.'li spawning location Helicopter 14-Oct Area 4. km J5 Monality signal delected
jf km J'i l'elicoR!cr 24-Oct Did not atlemnt 10 locale for IhlS syrvey

153.273 Tagged at 1341 on I4-Sep Hellcopu:r 15-Scp Area I. km 2

Code 13 ulemalTag Helicopter 19·5ep Area I, km 7

77 Male Statiun 23·Sep Area 2, km II

540mm Ilchcopler 26· p Area 2, km 24

In li\'e box less than 1 hours Heln::opter 02-0<1 Are:! 3. kID 36
Released upmer 100 Ill@ 1355 Ilelicoplcr 06-0<1 Area 3, km 38

Ilelicopter 14-0<1 Area.t, km 43

t."sfl/lwted sp(l1l'IIillg loen/101I Ground 15·O<t Area 4, km 4)
I\km./f Ilclicnmcr 14·()ct Did nol attempt to locale lor lh.~ ~\lrvcv
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Frequrncy TQgging "'forma/ion Tracking '"/ormar;o,,

Surv!}' he! I)al~ LOCD/;O" Oll,er

153.304 Tagged III 1345 on 14·Scp Ilelicopter IS-Sep Area 2, km II

Code 13 E:c.!cma] Tag Stlltion 16-Scp Area 2, km II
78 Male Helicopter 19-5cp Area 3. km 33

605 mm Helicopter 26-Sep Area 5, km 49
In !lve bOll less than 2 hours Ilclicoptcr 02·0CI Area 5, km 48

Released upriver 100 m 1355 Ilclicopter 06·0c( Area -4, km 43 MOl1l1lity signnl detected
Estimated sp(/lI'ning laentian Helicopter 14-(kt
if kill ./.~ Helicoplcr 24·0cl Did not !lncmm 19 locale ror tbis survey

153.333 Tagged llt 2130 on 14-Sep Helicopter 15-Scp Area 1. km 4
Code 13 E:ttemal Tag Station J7-Scp Area 2. km II

79 Male Ilclicoptcr 19·5ep NOllocaled

540mm Helicopter 26-Sep Area S. km 48
In live boll. less than 2 hours Helicopter Ol·Oct Area 5.1em 46

Relc:l5td upriver 100 m@214() Hc:licopler 06-Oct Area 4, Iem 42
Estlmflled spawning (ocalion Itc:licopler 14·Qct Area 4. km 44
if km 45 He!icop1er '4-OcI Did not I1t!empt 10 locale for lhi:; survey

153.363 Tagged at 1403 on 14·Sep Helicopler 1S·Sep Area I. km 5
Code 13 External Tag Helicopter 19·5ep Areal.km 11

80 Male Stalion 21·Scp Area 2. km II
S25 mm IlelicoplcT 26·Sep Area 3. km 32

In livc box less than 2 hours Helicoptcr Ol-Oct Area 4, km 42
Released upriver 100 m @ 1420 Ilelicoplcr 06·0cl Area 4. km 42

Estill/med SptlWm'ng loct/tioll I-Ielicopter 14-Oct Area 3. km 35
is kill 41 Helicopter 24-Oct Did not allempt (0 locnle for thIS survey

153.J93 Tagged ll( 140S on 14·Sep Ilelicopler 15-Scp Are3 2. km 10
Code (] External Tag SUltlon 16·Scp Area 2. kIn II

81 Male Helicopter 19·5ep Ar1!3 3. km 39
SSSmm Helicopter 16-S<p Ar1!n 4. km 42

In h\'c box less than 2 hours Helicopter 02-Oc:t Area4,km41
Released upriver 100 m@ 1420 HelicoplCT O6-Oct Area 4. km 43 Mortality signal detected

Helicopter 14-Oct Aren 4, km 43 MoruhlY signal delected
Ground 15-Oc1 Are::a 4, km 43

Estimt1tcd spawning location Ground 20-Oct Area 4. km 43 Mortality sIgnal detected
jf km 41 Ilcllcopler '4=Oct Did no! auempl to locate for 'hili syryey

153.424 Tagged at 1409011 14-Sep Helicopter IS·Sep Area It kill 3
Code 13 EXlernal Tag Slalion 19-5,p AreaZ, km II

81 Mnle Ilcllcopler 19-5'p Area 1, km IS
60S mm HelIcopter 26·Scp Area 2. km 19 MortalilY sIgnal detectcd

In live bo:< less than 1: houl"! Ilclicopter Ol·Oct Are.:l 2, km 16 Morw.lity sIgnal delected
Released upriver 100 m@ 1420 Helicopter 06-Oct Area 2. km 19 Mortality sl~nal detected

Esfinltltoo spawning locatIon Ilclicop'cr l4-Oct Not located
Isklll 19 Helicopter '4-OcI Old not quempl 10 locMe for this survey

153.453 Tagged Jt 2134 on 1-4-Sep llelicopter IS-Sep Areal.km.-4
Codt 13 E:t1ernal Tag S13llon 19-~cp Are:! 2. km II

83 Male Helicopter 19-5cp Area 2, km 19
SbOmm Helicop!er 26-Scp Area 4. km 41

In live box less Lh.:ln 1: hours Ifehcoplcr 02-()c! Area 4. km.-42
Released upriver 100 III (@2140 Ilelicopter 06-Oc< Area.3, km 40

Ilelicop,er 14·Oct Me;! 4. km 43 Monllhty sIgnal detecled
Estimmcd ~p{1\~l1/ng local/on Ground IS-Oc! Area 4, km 42
IJ kill .If Ilcllcopter 24-0c! Did no( flllcmnt 10 locale lor dw; survey
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Frl'qllef/cy Tuggi/Ig IIt!ormfltio/l Tracking II/formalioll

S'ln'cy Type Dille LocatiQ" Other

152.252 Tagged at 2137 on 14-Scp Helicopter lS-Sep Area J. kill I
rodc 19 Extemal Tag Helicopter 19·5ep Area I. krn 9

84 Female Station 10·Sep ArC:l 2, km II
575 rtln1 Helicopter 16·Sep Area 3. km 34

In live box less than 2 hours Helicopter 02-0cI Area 4, km 44

Released upriver 100 1ll@2140 Helicopter 06·0c( Area 4, km44

Helicopter 14-0cI Area 4, km 44

Ground 15-0ct Area 4, km 44
£Slimnred Spf' .....IIi1fg loclltio/l Ground 20·0et Area 4, km 43 Mortality sign;}l detected
i:rkm 1/./ I [clicoptcr 24·Qct Did not attempt to locate for this survey

152.282 Tagged at 1017 on IS·Sep Ilel iCOPICf IS-Sep Area I. km 2
Code 19 Extemal Tag Station 18·Sep Area 2, km II

85 Male Ilclicoptcr 19·5ep Area 2, kill 22
640 mill Ilelicopter 26·Sep Area 4, km 43

In Jive box Jess than 2 hours Helicopter 02·0ct Area 4, km 42
Released upriver 100 m @ 1030 Helicoptcr 06-0ct Area 4, km 42

Ilelicoptcr 14-0ct Area 4. km 42
Ground IS·0ct Area 4. km 43

Estimated spawlling location Ground 20·0ct Area 4. k.m 42 Mortality signal detected
IS km 41. Ilclicoplcr 24-Ql.:t Did not allcmpt to lucate tOr this survev

152.314 Taggcrl at 1020 on IS·Sep Helicoptcr 15-Sep Arell I. km I
Code 19 Extcmal Tag Ilelicopier 19-5ep Area 2, km II

86 Male Station 20·Sep Area 2, km 11
550 mm Helicopter 20-Scp Arca 3. km 35

In live box less than 2 hours I-Ielicopler 02-0ct Area 4, km 41
Released upriver 100 m@ 1030 Helicopter 06-0CI Area 3. km 40

Ilelicopter 14·0ct Area 3, km";O
Estimtlfed spawlling loclIIion Ground IS-Oct Arc:! 4. km 42
;s km 4/. Helicopter 24-0cl Did not anemptto locale for Ihis survey

152.344 Tagged at 102S on IS-Sep Ilelicopter 15·Sep Area 1, km 1
Code 19 Extemal Tag Helicopter 19-5ep Not located

87 Male Station 22-Sep Area 2, km II
585 mm Helicopter 26·Sep Area 3, km 34

In live box less than 2 hours Helicopter 02-0ct Area 4, km 43
Released upriver 100 m@ 1043 Helicopter 06·0c( Area 4, kill 44

Ilelicoptcr 14·0ct Area 4. km 42
Ground 15-0cI Area 4. km 44

Estimated spawning {oemiOIl Ground 20-0cI Area 4, km 43 Mortality signal detected

is kill 44. llelicoplcr 24-0ct Did not attempt to locate lor this survey

152.375 Tagged at 1031 on IS-Sep Ilelicoptcr IS-Scp Not localed

Code 19 External Tag Station 17-Scp Arell 2. km 11

88 Female Helicoptcr 19-5cp Area J. km 37
520 mill Helicopter 26-Scp Area 5. kill 47

In live box less lhan 1 hours Ilclicoplcr 02-01;1 Area 5. kill 46
Rele,lsed upriver 100 m (a'lI043 Ilelicopter 06-01;t Arca 5, km 46

Estima(rd spawlling {Den/lOll Helicopter 14-0(.'t Area 4. km 45

iskm 0/6 IlclicoDtcr 14.0,,1 Did not attempt to locate for this survey
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Fre({l,~nc)' Ttlgg;,'g InjormQlioll Tracking Informa,;on

Sun'I!,V Type DQli~ Location Otlrer

152.403 Tagged at 1036 on 15·Stp Ilcheapicr IS-Sep Are3 1, km I
Code 19 E<'tlcmal Tag SUllion 19·5ep Area 2. km II

89 Fem:llc HelIcopter 19·5ep Aren 2, km 15

565mm Helicopter 26·Scp Area 3. km 33
In live box less than 2 hours , leJicoplcr 02-0cI Area 4, km 41

Released upriver 100 m@ 1043 Helicopter 06-0cl Arc3 4, km 44

Ilchcopicr 14-0cl Area 5. km 46
ESlimared spawning location Ground IS·Oct Area 4, km 44

;: Itm 44 He11f0plcr '4.Oct Did not gllempt 19 lOCAte ror Ibis survey

152.432 Tagged at 2005 on IS-Sep Slalion 18·Scp Area 2.l'11l 11
Code 19 E:<temalTllg Helicopter 19·5cp Are:!. 2. km 20

90 Female Helicopter 26-Scp Art'3 3. km 40 Monahty sIgnal detected

56Smm I-Iellcopler OZ.Qct Area 4, km 43 Mortality signal deteeted

In hve bo:t less than 2 hours Helicopter 06·Oc' Area 4, km 42 Mort3lity signal detected
Released at the fish wheel Helicopter I+.Oct Are:!: 4. km 44 Momlily signal detected

E'.Jtu1Inted spawning locatton Ground 16·Oct Area 4, km42
IS km·1l HelicoPler "4-Oct Did not attempt 10 locate (or this sUrvey

152.463 Tagged at 2010 on 15-Sep Helicopter 19·5cp Area 2, km 10

Code 19 External Tag St11110n 20·Sep Area 2, km II
91 Female Helicopter 26-Scp Not located

605mm Helicopter 02-Oct Aren 4. km 45 Mortality signal detected
In live bo, less thlln 2 hours Helicopter 06·0ct Area 4, km 42 Mortality signal detected
Relc3Sed at the !ish wh~l llelicopter l4-Oct Area 5. km 46 MortalllY Signal detected

Est/lfwu:tl 3pownmg locatIOn Helicopter 24-Oct Did not 111!empt to locate (or this survey
if km 45

152.494 Tl1gged at 2015 on 15·&'1> StatIon 18·Scp An::! 2. km II

Code 19 EAtemal Tag Ilelicopter 19·5cp Are::!:!, km 20

92 Female Ilellcopter 2frSep AI'C3 4, km 42

530mm Helicopter 02·Oc' Are3 4. km 44
In live boll. less than 2 hours Helicopter 06·Oc, Are3 4, km 44
Released at the fish wheel Ilellcopter 14·Ocl Area 4, km 44

Ground 15·0ct Area 4, km 44

Estimntoo spawmng I«arion Ground 20·Oct Area 4, km 43 Mortality Signal detected
If knt 44 lleljeolller '4-Oct Did nOl otlemQl to locotc lor this sUrvey

152.524 Tagged at 1005 on 27·Scp Helicopter 19·5cp
Code 19 Externul Tag llelicoplcr 26-Scp

93 Female Ilclicoptcr 02·0ct Area I, km 7

505 mm llelicoplcr 06-0cI Area I, km 6

In live bo:'l overnighl Ilelicopicr 14·Qcl

Relensed al the !ish wheel Helicopu:r 24·QcI NOllocatcd
This lag was either lost near
~m 15 Of tM arh died.

151.554 Togged ot 1045 on !lrSep Helicopter 19·5ep Arttl 2. km 12
Colle 19 E'temal Tag StatIon 19-5ep Area 2. km 11

9-l Mole llchcoptcr 26-Scp Area J. lcm 34
SJ5 mm Ilclicopier 02·Oct Area 3. km 36

In h..,c boll o\'emlghl Helicopter 06-Oct Area 3. km 40
Released al the Iish wheel Helicopler 14-Qct Area 4. km 43

ESfml(/f~1spoll'nmg loctlflOn Ground 15·Oct Area 4, km 44
ukm 44 Helicopter ')4-0C! DId Dol nl1tOlD! !O locp!t for Ibis survey
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Frl!qlllwcy Taggillg I"fortl/fllion Tracki"g II/formatioff
Slln'ey Type Date Location Ollwr

152.584 Tagged at 1049 on 16-Sep Station 19-5ep Area 2, km 11
Code 19 External Tag HelIcopter 19-5ep Area 2, km 17

95 Female J Iclicoptcr 26-Sep Area 4, km 44
545 mOl Ilelicopter 02~Oct Area 4, km 42

[n live box overnight Helicopter 06-0" Arc<l4, km 42
Released tit the fish wheel Ilclicoptcr 14~Oct Area 4, km 42

Ground IS·Oct Area 4. km 42
Estimated spawnillg lucation Ground 20-0et Arcn 4. km 42
is kilt 42, !Ie! icopler 24.Qcl Old not attempt to locate for Ihjs survey

152.614 Tagged at 1052 on 16·Scp Helicopter 19-5ep Area I, km 8

Code 19 Extemal Tag StatIon 23-Scp Area 2, km II
96 Female Helicopter 26-Sep Area 3, km 39

6000101 Helicopter 02-0,[ Area 4, km 43
In live box ovemight Helicopter 06-0c[ Area 4, km 42

Released at the fish wheel Helicopter 14-0,[ Area 4, km 42
ESlimll/ed spawning IOC(ltion Helicopter 24-0ct DId not attempt to locale for this survey
i.~ km 42.

IS2.6~" Tagged al 1055 on 16-Scp llclicopter 19·5ep Arca 1, km9
Code 19 E;<temal Tag Station 22-Sep Arc1l2, km 11

97 Male Helicoptcr 26-Sep Area 3, km 39
585 mm Ilelicoptcr 02-0et Area~, km 43

In hve box ovemight Helicopter 06-0" Area 4. km 42
Released at the fish wheel Ilelicop!er 14·0et Area 4, km 42 Mortality signal detected

Estill/med spawning loell/ion Ground 20-0ct Area 4. km 42 Mortality signal dl:t~cted

iskm 42. , lelicoplcr 24·0ct Did not attempt to locate for this suryev

152.674 Tagged at 1059011 16-Sep Helicopter II)-SCI' Area I. km 8
Codc 19 External Tag Station 22-Scp Area 2, km 11

98 Male Helicopter 2/i-Sep Not located
585 mm Ilelicopter 02·0ct Area 4. km 4S Mortality signal detected

In live box ovemight Helicopter 06-0ct Area 4, km 42 Mortality signal detected
Released at Ihe lish wheel IleUcoptcr I~-Oct Area 4, km 44

Estimated spawning localion Helicopter 24-0ct Did nOI attempt to locate ror this survey

is ~1II44.

152.704 Tagged at 1237 on 16-Ser Station 19-5cp Area 2. km II

Code 19 External T<lg llelicuptcr 19-5ep Not located

99 Male Ilelicopter 26-Sep Area 5, km 53
540mm Ilelicopter 02·0cl Arca 5. km 61

In live box. less Ihan 2 hours Ilclicopicr 06-0" Area 5. km 61
Released at the fish wheel Hclicopter 14-0ct Area 3. km 39 Mortality signal detected

ESlllllated spaw/lillg IOcllfion Helicoptcr 24-0el DId not attempt to locate for thIS survey

is ~III 61.

152.733 Tagged Jt 1239 011 16~Sep Helicopter 19-5cp Area l,km9

Code 19 Extemal Tag Station 23-Sep Area2,kmll

100 Female Hclicopter 26-Sep Area 2, km 27
560 mOl Ilel icoplcr 02-0cI Area 3, km 40

In Ilw box less than 2 hours HelIcopter U6-0ct Area 4, km 42

Released at the fish wheel Ilelicopler 14-0ct Not localed

Eslimtlled .\'P(lwnillg loemioll Helicopter 24-Oci Did not attempt to locale lor this survey

Is ~III 42.
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FreliuetlCY TaggiJlg t,,/ormatioll Tracking III[ormal;oll

Slln'e~ Type Dale LOCQtion Other

152.76'- Tagged:H 1511 on 16·Sep Statlon 18· 'p Are:! 2, km 11
Code 19 External Tag Ilelicoplcr 19·5.p Area 3, km 29

101 Male Helicopter 26·S,p Area 4. km 42
SlOmm Ilelicoptcr 02·Oc, Area 4, km 44

In live box less than 2 hours HelIcopter 06·Oc' Area 4. km 42
Released at the fish wheel Ilclicopicr 14·Oc< Area 4, km 42

Estill/Grell spmo,,'nbfg locatioll Ground 16-Oc, Arca 4, km 42
r.f k", 4"' Helicopter 24-OcI Did not merom 19 locj!te for tbjs survey

152.793 Tagged al 1924 on 27·Scp Ilericopter 02-Oc. Area 2. km 20
Code 19 External Tag llehcoplcr 06·OcI Area 2. km 27

102 Fcnmle Helicopter 14-Oc< Area 3. km 30
590mm Helicopler 24-Oc, Area 4. km 42 Mortality signal detected

Fresh caught
Tagged npped oJT26·Scp and

Lhen ~tagged 27·Sep
I;."stlmtlltd spnwlling location

i.~kmJ'

152.823 Tagged at 1015 on 27·Sep Helieoplcr 02·Oc' Area 2. km 27
Code 19 External Tag Ilelicoptcr 06·Oc. Area J. km 29

103 Male Ilelicopter 14-Oc. ArCOl 2, km 22
S45mm Helicoptcr 24·Oc' Area 3, km 29

In live box overnight
Released at the fish wheel

Estimated spawning locatiO"

iskm '8

152.853 Tagged in \012 on 27·Sep Station O·S,p Area 2. km II
Code 19 External Tag Helicopter 02·Oct Area 2. km 10

104 Male Helicopter O6·Oct Area 2. km 23
SOOmm Helicopter 14..Qct Area 2. km 25

In live box overnight IlellcOpter 24·Qct Area 4. km41 Mortality SIgnal detected
Released at the fish wheel

Estlnlllted SfXlwlllng locatioll

is km 41

152.884 Tagged a\ 1031 on 27-Sep lIelicopter 02-Qct Area 2. km 26
Code 19 EXlernal Tag Helicopter 06·Oc, Area 1, km 27 Monallty Signal detected

105 Male Ilelicoptcr 14·0~1 Areu J, km 28 Mortality Signal detected
525 rnm Ilelicopter 14-OcI Area 3. km 29 Mortahty Signal detected

In live box overnIght
Released at the lish wheel

Estml(/u'd spawning locatloll

i.rJ.m '8

152.913 Tagged:n 1038 on 27·Sep Hcllcoplcr 02·OcI Area 3. km 29
Code 19 Exu:rnal Tag Helicoptcr O6-Oct Are:! 3. km 32 Monality Signal deteclro

106 Male Helicoptcr 14-Oct Area 3. km 33 Morta111Y Signal detected
575 mm lIelicopler 14·Oct Area 3. km 30 Mortality signal detected

In h\e box overnIght
Released at the fish wheel

£Slimmed Spall/lillg location

i.rAm J!
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Frequ/!/lcy Tagging /Iljormmioll Tracking lrrjormatioll
SumW Type Date Locl1tioll Ollter

152.94' Tagged at 1052 on 27-Scp Station 29-Scp Area 2, krn It
Code 19 Extcmal Tag Helicopter 02·Dl:l Area 2, km ~6

107 Male Helicopter 06-0cl Area 3. km 32
595 mm Helicopter 14-0cl Area J, kill 36

[n live bo' ovcmight Helicopter 24·0c( Area 3, km 33 Mortality signal detet:tcd
Released at the fish wheel

Estimmed spawning loco/ioll
is k1ll 34

152.973 Tagged at 1101 on 27-Scp Station 30-Scp Area 2, km II
Cotlel9 E:<ternal Tilg Helicopter 02-0ct Area 2, km 12

108 Female Helicopter 06-Oct Area 3, km 28
540mm Helicopter 14-0cI Not located

In live box overnight llclicoptcr 24-Oct Arc<l 4, km 42 Mortlllity signal detected
Released al the fish wheel

Estimated spawiling (oration
if Am 4'.

153.004 Tagged at 1105 on 27-Sep Ilclicoptcr 02·0ct Area 2, km 24
Code 19 Intennediate Size Internal tag I-lelicoptcr 06-0ct Not located

109 Male Hclicopter 14~Oct Area 3, km 36
55011101 Helicopter 24·Oct Area 3, km J7 MOr!.,lity signal detectcd

In Iivc box ovcmight
Released at the fish wheel

E:aimmed sp(llvlling lo"ar/on

is kill 37

153.034 Tllgged at 101') on 27-Sep Helicopter 02-0(;t Area 2, km 13
~c)de 19 Small SiLC Imemal tllg Sldthln OS-Oct Area 2. kill I I

110 Male Helicopter 06-0cl Area 2, km 23
510mm Helicopter 14-Oct Area 2. km 23

In live 00\ overnight Helicopter 24-0ct Arc:l 3, km 36
Released at the fish wheel

Esrimlllcd spawning locatioll

is k", l6

153.06. Tagged at 1055 on 27·Sep Station 29-Sep Area 2. km II
Code 19 Intermediate Size Intcmal tag Helicoptcr 02-0ct Area 2. km 20

III Male Hclicopter 06-Oct Area 2. km 27
61001m Ilelicopter 14-0ct ArC:l 3. km 28

In live box overnight Helicoptcr 24-0ct Area J. km 30 Monality signal detected
Released :It the fish whecl

l:,"srim(l/ed spawning localion

i,~ Am 30.

153.093 Tagged at 1000 on 27-Scp Ilelicoptcr 02-0ct Area 2. km 16

Colle 19 Small Size Internal tag Ilelicoplcr 06·0ct Area 2. km 23

112 Female Ilclicoptcr 14-0cl Men 2. km 24
5JOmm Helicopter .!4-0CI Arca 3. km 40 Monality signal dClcl.:tcd

In !ivt: box overnight
Rcltased at the fish wheel

Esrill/flled Sp(llI'III11'i{ locariofl

i.l" k", "0
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Freqlllmc)' Tugging '''jormaJioll Tracking InjormaJiulI

Sur..~y Type Dale LOC/lI;O" Drhf!T

153.124 Tagged 31 1035 on 27·Sep Station lO-Sep Area 2. km II
Code 19 Small Size Intemal tng Helicopter 02-Oct Area 2, km 23

III Female Helicopter 06-Oct Area 3. Ian 28
SSOmm Helicopter 14·Oct Area 3. km 28 Monalily signal detected

In live box overnight Helicopter 24-Oct NOllocaled
Released at the fish wheel

ESlimated rpawnlllg locarioll

iskm!8.

153.153 Tagged at It 14 on 27· cp Helicopter 02-Oct Area 0, km-I
Code 19 Small Size Inlernal tag Helicopter 06-Oct Area O. km·1

114 Male Helicopter Ie-Oct Not located
560mm Helicopter 24-Oct Not localed

In live box overnight
Released at the fish wheel

ThIS tag was likely regurgitmed
nenr Ihe fish wheel

153.183 Tagged at 112 J on 27·Sep Helicopter 02-Oct Area 3. km 28
Code 19 Small Size Internal tag Helicopter 06-Oct Area J. kIn 30

115 Male Helicopter 14-Oct Art'J J. km 29
555 mOl Ilelicopter 24-Oct Arca 3, km 28

In live box overnight
Released at the !ish wheel

£~·tllll(lted spawlling locOlioll
if km 19

153.213 Tagged 3t 1028 on 27· ep lallon 29- ep Area 2, km II
Code 19 Intermediate Size Inlemal13g Ilelicopler 02-Oct Area 3. km 28

116 Female Helicopter 06-Oct Area 3. km 33
5850101 Helicopter 14·Oct A.... l. kml7 Mortality signal detected

In 1I\'e box overnight Helicopter 24-OcI Area 2. km 23 Mortality signal detected
Released at the lish wheel

Estimated spawning location
IS JOll15

ISJ.24l Tagged at II J2 on 27·Scp Stallon 28·Sep Area 2. km 11
Code 19 Small Size lnlcrnaltng Helicopter 02-Oct Area 3. km 34

117 Male Ilelicopler 06-Oct Are:l 3. km)4
590 mOl Helicopter 14-0ct Not locatt'li

In live box overnight llel icoptcr 24-Oc' Nolloc:llcd
Released :It the fish .... heel

Estill/tlletJ spawning locatioll
is km .f.!

ISU7J Tagged at 1833 on 26·Scp Stalion 28-Sep Area 2, km 11
Code 19 Inlermediate Size Internal tag Helicopter 02-OcI Area J, km 38

ItS Male Ifelicopier 06-Oct Are:! 4. km 44
600mm IldlCOPlet I~..()ct Area 4. km 44

Less than 9 hours In live box Ground 15-Oct Area 4. km 43
Released 31 lhe lish wheel llelicoptcr 2~-Oct Area~. km 42

EstimmeiJ !pa .....lIl11g Joeat/oll
i.fl.m 43
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Freqm:Jlcy Ta,!:gi"K III/armaria" Tracking III!or/lwt;o/l

SUn'tl' Type Dare L(ICnrioll O,IIt'r

153.304 Tagged at IOl I on 27~Scp Station 29·Scp Arc:! 2, km II
Code 19 Intermediate Size [ntema! lag [Icheapler 02·0c< Area 2. km 29

119 Male Ilelicoplcr 06·Oct Area J. km 29
625 mm Ilelicopter 14-Oct Area 3, km 30

In live box overnight Helicopter 24-Oct Area 4. kIn 42
Released 3\ the fish wheel

ESfit/lilted spawning locarion
is km 41

153.333 Tagged at 1047 on n·scp Ilclicopter 02-Oct Area 0, km-3 Mortality signal detected
Colic 19 Small Internal tag - she puked Ilcllcoptcr 06-Oct Area I, km 6 Mortality signal detected

120 intcmediatc tag twice lirst. Station 12-Oct Area 2. km II
Female I-Ielicoptcr 14-Oct NOllocalcd
525 mm Hclicopll,:r 24·0ct Area 4, km 44 Mortality signal detected

In live box ovemight
RelcJsed <It the fish wheel

Eslimmed spawning loc(llion

is kill 44

153.363 Tagged at 1117 on 27-S~p Ildieopter 02-0" Area 2, km 25
Code 19 Extemal tag Helicoptcr 06-0" Area 3. km 33

121 Female Helicopter 14-Oct Area J. km 39 Mortality signal detected
540mm Helicopter 24-Oct Area J, km 3l:l

In !lve box overnight
Released at the fish wheel

£.f(imnted spawning loc{///OII

is km 39.

IiJ.393 Tagged lIt 11II on 27·Sep Stalion 30-~,p Area 2. km II
Code 19 Exremallag Hclicopter 02-0" Area 2, km 20

122 Female Helicopter 06-0" Area J, km 29

550mm Ilelicopter 14-01.:1 Area J. km 33
In live box overnight Ilelicopter 24·0ct Area J. kill 36 Mortality signal detected

Released at the lish wheel
Estwwted spawning location

i.~ kill 36.

153.424 Tagged a1 1129 on 27-Scp Statlon 29-S'p Area 2, km II

Code 19 Extemal tag I-Ielicopter 02-0ct Area 2, km 19

123 Female Hellcopter 116-Ocl Area 2, km 24

575 mm Ilclicoptcr 14-0ct Area 2, km 23
In live box overnIght I-lei icopter 24.Qct Not locllted

Released at the fish wheel
ESltmtl/ed spawning loc{//io/l

i\' km 14

153.453 Tagged at 915 on 28-Sep Ilelicoptcr 02·Qct Area J. km 28

Code 19 External lag Ilelicopter 06·0ct Arc:l 3. km 37

124 Male Helicopter 14·0ct Area 4. km 44

580 mill Helicopter 24·0ct Area 4. km 45

In live box overmght
Released :It lhe fish wheel

Esfima/{?d spml1llflg IOCal101I

j.~ klll./5
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Appendix B. Aerial survey results by area for early-tagged (9/9-9/1 6) and late-tagged (9/26-928)
fall chum salmon on the Toklat River in 1997.

Numbers ofearly-ragged fish.
Art3 0 I 2 3 4 5

Numbers of late-tagged fish.
Area 0 I 2 3 4 S

Date
15-Sep

19-5ep

26-Sep

02-0cl

06.()e'

14·0e!

3 51 31 2 I 0

5 16 38 27 8 I
J J 12 25 J2 12

J 3 5 17 5J 14

4 2 5 2J 52 10

4 2 6 17 59 8

Date

02·0e'

06·0e!

14-Oe'
24-Oc,

2 1 IS 6 0 0

I 2 7 12 I 0

I 2 S 12 2 0

I 0 I II 7 0

Percentage of early-tagged fish.
Area 0 I 2 J 4 S

Perccmage oflate-tagged fish located.
Are' 0 I 2 3 4 5

Date
IS-Sep

19-5ep

26-Sep

02.()e,

06-0e'
14-Dct

J 58 35 2 1 0

5 17 40 28 8 1

3 3 14 29 37 14

3 3 5 18 56 IS

- - 6 26 58 II

- - 7 19 66 9

Date

02.Qc,

O6-Ocl
14-0el

24-0cl

8 4 63 2S 0 0

- . 3S 60 5 0

- - 26 63 II 0

- . 5 58 37 0

Numbers of early-tagged fish exhibiting inactivity signal.
Are' 0 1 2 3 4 S

Numbers of latc-I:lgged fish exhibiting inactivity signal.
Are' 0 I 2 3 4 S Totol

Date
IS-Sep

19-5ep

26-Sep

02-0e!

06-0e,

14·0e'
24.()e!

0 0 0 0 0 0

I 0 0 0 0 0

1 I 2 5 2 3

I 1 J S 14 4

2 0 J 6 19 7

2 I 6 8 31 7

Date
15-Sep

19-5ep

26·Sep

02-0cl

06-0e!

14-Oci

24-Oc'

I 0 0 0 0 0

0 1 I 1 0 0

0 0 0 5 0 0

0 0 I 7 4 0

o
I

14

29

40

60

12

__..JIShnded boxes indicate these fish were removed lTom the percentile analysis because they did not move upriver.
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Appendix C. Aerial survey results by area for male, female, internally and externally radio­
tagged fall chum salmon on the Toklat River in 1997.

Numbers of (''«(emally tagged fish.
Area 011 5

Numbers of imernally lagged Ihh.
Area 0 1 .2

Dolle
15- cp

19- OJ'
:6-Scp
02-Oct
06-0<1

14-0<1

24-0<1

1 49 2S 0 0 0

1 16 ~"7 26 4 0

0 2 11 25 29 10

0 3 13 19 50 11

0 3 8 29 49 8

0 3 g 22 56 7

0 0 0 6 4 0

Date
15-5"1'

19-5ep

26-scp

02-0<1

06-0<1

14.QCI

24-0<1

2 2 1 ! I 0
4 0 1 1 4 I

3 1 1 0 3 2

5 I 7 4

5 I 4 6 4 2

5 I .1 7 5 I

I 0 I 5 0

Percentage ofexternally tagged fish.
Area 012 3 5

Pertentage of internally lagged fish
Area 0 1 2 3 4 5

Dale
15-5"1'

19-sep

26-Sep

02-0.1

06·0CI
14·0c{

24·0cl

1 63 36 0 0 0

1 19 44 31 5 0

0 3 14 n 38 13

0 3 14 20 52 11

0 9 31 52 9

0 - 9 24 60 8

0 0 0 60 40 0

Dale
15-Sep

19-sep

26-5,,,

02-0ct

06-0ct

14·0cI

24~OCI

20 20 30 20 10 0

36 0 9 9 36 9

30 10 10 0 30 20

22 4 30 17 11 1

- 6 24 35 24 12

6 18 41 29 6

- 0 II 56 33 0

Numbers ofeXlc1T1ally lagged fish wilh inactivity signal.
Aren 01234

o
I

14

29

40

60

12

-
0 0 0 0 0 0

1 0 0 0 0 0

I 1 0 0 0 2

2 I 1 0 I 0

! I 0 0 2 2

2 1 I 3 3 I
0 0 1 .1 1 0

Date
15-sep

19-5ep

26·Scp
02-(kt
06-0'1

14·0cl
24-0.1

Numbers of intemally tagged /ish with mactivity signal.
Area 0 I ? 3 4 5 TOlll!5

0 0 0 0 0 0

0 0 0 0 0 0
0 0 2 5 2 1

0 0 2 5 13 ,
0 0 4 7 17 ;

0 0 5 10 28 6

0 0 0 4 3 0

Dale
15-Sep

19-sep

26·Scp

02-0ct

06·0..:t
14·0cI
24-0<:1

L-_...JIShaded boxes Itldicale lhese fish wert removed from the percentile analysis because they did not move upri\'er

Numbers of tagged females.
Area 0 2 3 4 5

umbers of tagged males.
Area 0 2 3 5

Dale
15-scp

19-sep

26-sep

n2·()el

u6·()ct

14-0<1

24-OcI

I ,5 1.1 0 I) 0

3 9 18 II 3 0

2 0 8 10 14 4

3 I 10 11 2) 5
, 2 6 II, n 5

! 2 6 14 !3 <
II 0 I 3 -' II

Date
15·Scp

19-scp

26-5'0
02..()ct
06-0<1

14·0c!
24-0ct

2 26 18 2 1 0

J 7 JO 16 5 I

I .1 4 15 18 8
2 ) 10 12 )0 'I
.1 2 6 19 30 <
.1 ! 5 IS 38 I

I 0 II 8 4 tl

Percentage of tagged females.
Area II I 2 3 4

Pcrtentagc of lagged males.
Area 0 I 2 5

Date
15-sep

19·5ep
l()·Sep

02·0CI

06·Oct
14-0cl
24-0cl

.1 t>4 33 0 0 II

7 20 ., 25 ,
"< tl 21 16 .17 II

"
, 19 21 J) 9

I 4 II .10 4.1 9

4 4 12 ,7 44 10

0 " 14 4) 41 0

Dale
15-sep

19-5cp
l{)·~cp

02-0Cl
Ofl·Oct

14-0CI
24·0cI

4 <.1 37 4 J 0, 14 )9 11 10 2

1 6 8 .11 .17 I"
) 5 15 1R 45 14

5 .1 'J 29 46 ,
5 3 , 2.1 58 5
8 0 I) 62 31 "
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