
YUKON RIVER SONAR PROJECT REPORT 

1998 

by 

Suzanne L. Maxwell 

REGIONAL INFORMATIONAL REPORT' NO. 3A00-04 

Alaska Department of Fish and Game 
Commercial Fisheries Division 

AYK Region 
333 Raspberry Road 

Anchorage, Alaska 995 18 

January 2000 

' The Regional Information Report Series was established in 1987 to provide an informational access sy!jtem for all unpublished 
divisional reports. These reports frequently serve diverse ad hoc informational purposes or archive basic uninterpreled data. To 
accommodate limely reporting of recently collected information, reports in this series undergo only limited internal revlew and may 
contain preliminary data: this information may be subsequently finallzed and published in the formal literature. Consequently, these 
reports Should not be cited without approval of the author or the Commercial Fisheries Division. 



OEOIADA STATEMENT 

The Alaska Department of Fish and Game administers all programs and activities free from 
discrimination on the basis of sex, color, race, religion, national origin, age, marital status, 
pregnancy, parer~thood, or disability. For information on alternative formats available for this and 
other department publications, contact the department ADA Coordinator at (voice) 907-465-4120. 
or (TDD) 907-365-3646. Any person who believes s h e  has been discriminated against should write 
to: ADFBrG. PO Box 25526. Juneau. AK 99802-5526; or O.E.O., U.S. Department of the Interior. 
Washington. DC 20240. 



AUTHOR 

Suzanne L. Maxwell is the AYK Regional Sonar Biologist for the Alaska Department of Fish and 
Game. Commercial Fisheries Division, 333 Raspbeny Road, Anchorage. Alaska 995 18. 

ACKNOWLEDGMENTS 

Crew leader Adam Reimer and crew members, Ira Edwards, Leo Kelly, Carolyrl Talus, Cameron 
Lingle, Sean Palmer, and Dominic Beans collected the sonar and gillnet sampling data reported 
here. Lany Buklis, Steve Pany, Dan Huttunen. Jeff Bromaghin, and Carl Ffisterer provided 
manuscript review. Jeff Bromaghin. Helen Hamner, and Dana Bruden provided general statistical 
support and maintenance of the data management and processing software. 

PRO.JECT SPONSORSHIP 

This project was partially supported by U.S./Canada Yukon River funds thrclugh Cooperative 
Agrec~nent Number NA76FP0708-1. 



TABLE OF CONTENTS 

LIST OF TABLES .......................................................................................................................... V 

LIST OF FIGUICES .................................................................................................................... VII 

LIST OF APPEIVDICES ....... .... ............................................................................................. IX 

ABSTRACT I 

INTRODUCTION ........................................................................................................................ 2 

...................................................................................................................................... METHODS 3 
. . .  

Hydroacsustic Data Acquis~t~on .......................................................................................... 3 
Equipment ............................................................................................................. 3 

............................................................................................... Sampling Procedures 4 
Equipment Settings. Thresholds . Data Storage ........................................................ 5 
Aiming ..................................................................................................................... 6 
System Analyses ...................................................................................................... 6 

Hydroacoustic Equipment Checks ............................................................ 6 
Bottom Profiles ............................................................................................ 7 
Down-looking Sonar Drifts .......................................................................... 7 
Hydrologic Measurements .......................................................................... 7 . . .  . . . . 

Spec~es (dornpos~t~on Data A c q u ~ s ~ t ~ o n  ........................................................................... 8 
Equipment and Procedures ........................ .. ......................................................... 8 
Species Proportions .................................................................................................. 9 

Analytic;ll Methods .............................................................................................................. 9 
Fish Passage ............................................................................................................. 9 .. 

.............................................................................................. Missing Data 10 . . 
Species Compos~t~on ............................................................................................. 1 
Fish Passage by Species ......................................................................................... I2 

Missing Data .......................................................................................... 13 

RESIJLTS .................................................................................................................................... 15 
. . 

Test-Flsh~ng ....................................................................................................................... I4 
Hydroac~~ustic Estimates .................................................................................................. 14 
System iinalyses ................................................................................................................ 15 

DISCUSSION ............................................................................................................................. 18 

-. 7 . ............................................ LITERATURE ILITED .. J 

APPENDICES ............................................................................................................................... 64 



LIST OF TABLES 

1.  Preseason Yukon River sonar equipment calibration data. 1998 24 

2. Daily estimates of fish passage by zone from 6 June to 18 July for the Yukon River sonar 
prqject. 1998. 25 

3. Daily estimates of fish passage by zone from 19 July to 9 September for the Yukon River 
sonar project. 1998 ................................................................................................................... 26 

4. Cumulative passage estimates by species for the Yukon River sonar project, 1998. .............. 27 

5 .  Daily estimates of fish passage by species from 6 June to 18 July for the Yukon River 
sonar project. 1998 ................................................................................................................... 28 

6. Daily estimates of fish passage by species from 19 July to 9 September for the Yukon 
River sonar project. 1998. ........................................................................................................ 29 

7. Twenty-four and fourteen hour sampling estimates compared with daily nine. hour 
estimates for the Yukon River sonar project, 1998 .................................................................. 30 

8. Target strength summaries of various targets recorded by Biosonics dual-be2.m 
echosounders using Biosonics Echo Signal Processor software, Yukon River sonar. 1998. ..31 



LIST OF FIGURES 

1. Topograph.cal map of the Yukon River in the vicinity of the sonar site ................................. 32 

2. Left-bank profile (top) starting at the transducer moving cross-river. The river bend 
sandbar begins approximately 500 m from the left shore. The noise at the beginning of the 
transect is fiom the reverberation band. Right-bank profile (bottom) starting at the 

., 7 transducer ~noving cross-river .................................................................................................. 22 

3 Bathymetric map of the Yukon River in the vicinity of the sonar site. 1998. ..33 

4. Net selecti\.ity curves for chum salmon, summer (top) and fall season (bottom), Yukon 
River sonar, 1998. .................................................................................................................... 35 

5 Net selecti~ity curves for chinook (top) and coho salmon (bottom). Yukon River sonar. 
1998 .......................................................................................................................................... 36 

6. Net selectivity cuwes for pink saln~on (top) and whitefish (bottom). Yukon River sonar. 
1098 .......... 37 

7. Net selectivity curves for ciscc (top) and other fish (bottom), Yukon River sonar, 1998. ...... 38 

8. Debris in front of the Yukon River sonar camp, 8 June 1998. ... ...,..... 39 

9 Estimated daily passage by species for summer season (top) and fall season (bottom). 
Yukon Rivc:r sonar. 1998. ... ................................................................ 40 

10. Cumulative passage for summer chum salmon (top) and fall chum salmon (bottom), 
Yukon River sonar 1995, 1997. and 1998. .............................................................................. 41 

1 I. Cumulative passage for chinook (top) and coho salmon (bottom), Yukon River sonar 
1995. 1997. and 1998 .............................................................................................................. 42 

12. Scaled cumulative passage estimates by day for summer (top) and fall (bottom) chum 
salmon. Yukon River sonar ...................................................................................................... 43 

13. Scaled cumulative passage estimates by day for chinook salmon. Yukon River son ar........... 44 

14. CPUE verslls sonar passage estimates by report period and zone from 6 June to 18 July for 
the Yukon River sonar project, 1998. ........................................ 

15. C'PUE verslls sonar passage estimates by report period and zone from 19 July to 3 1 
August for ):he Yukon River sonar project, 1998. 46 



LIST OF FIGURES (Continued) 

16. Summer season horizontal distribution of left- and right-bank passage on the Yukon River 
1995. 1997 and 1998. ............................................................................................................... 47 

17. Fall season horizontal distribution of left- and right-bank passage on the Yul..on River 
1995. 1997 and 1998. .............................................................................................................. 48 

18. A fathometer chart depicting fish tracings along the left shore of the Yukon lliver 
........................ recorded while drifting parallel approximately 20 to 30 m from shore, 1998. 49 

19. A fathometer chart depicting fish tracings along the right shore of the Yukon River 
......................... recorded while drifting parallel approximately 5 to 15 m from shore, 1998. 50 

20. A fathometcr chart depicting the thalweg of the Yukon River recorded while drifting 
parallel approximately 150 m from shore, 1998. ................................................................. 5 1 

2 1. Water level 1995. 1996. 1997. and 1998 at the Yukon River sonar site ................................. 52 

- - 22. Conductivity and water level. Yukon River sonar 1998 ......................................................... 2 3  

23. Compariso~i of transmitter output preseason (dotted line) and inseason (diamonds) values 
for the Yukon River sonar project's echosounders. 1998. Note: No preseason values are 
available for echosounder 102-019. ........................................................................................ 54 

21. Time-varied gain performance verification for the Yukon River sonar echosc~unders 101- - - 039 and 102-019. 1998. ...................................................................................................... 33 

25. Time-varied gain performance verification for the Yukon River sonar echosc~under 101- 
036, 1998 .................................................................................................................................. 56 

26. Target strength values of a 76.2 mm stainless steel sphere collected at a rang: of 24.5 rn 
and shallow depth. 24.5 m range and 1.8 m depth, and 99.5 m range and shallow depth. 
Yukon River sonar 10 July 1998. ....................................................................................... 57 

27. The dark band of echoes (top) of the reverberation band recorded early in thc field season 
and the more diffuse band (bottom) recorded in late June on the Yukon Rive-. 1998. ........... 58 

28. Amplitude of a reverberation band measured on 6/26/98. The zero pan (top) is 
perpendicular to current; positive degrees are upstream. The zero tilt (bottom) is near the 
surface; negative valucs arc tilting toward the river bottom. ................................................. .iO 



LIST OF FIGURES (Continued) 

29 . Threshold I(:vels for left bank strata (top) and right bank strata (bottom) . Yukon River 
............................................................................................................................... sonar . 1998 60 

30 . Left bank outermost zone threshold ( S 5 )  plotted against conductivity and secchi disk 
values . Yukon River sonar 1998 .............................................................................................. 61 

3 I . Left bank oltermost zone threshold (S5) plotted against water level (top) and water 
temperature (bottom). Yukon River sonar 1998 ..................................................................... 62 

32 . Fathometer chart recorded while drifting along the right bank approximately 15 m from 
shore . Yukc~n River Sonar 1998 ............................................................................................... 63 

viii 



LIST OF APPENDICES 

A . Yukon River sonar threshold levels and sonar parameters for the left bank ........................... 65 

B . Yukon River sonar threshold levels and sonar parameters for the right bank ......................... 67 

C . Yukon River sonar hourly passage rate by stratum . 1998 .................................................... 68 

D . Drifi gillnetting catch results by day . Yukon River sonar 1998 ............................................ 76 



ABSTRACT 

The Yukon River sonar project has provided daily passage estimates for chinook salmon 
0nrurlrynck~r.s t:;ko~vyt.scho. and summer and fall chum salmon 0. kern for most years since 1986. 
During this time, the project has undergone important changes including a frequency switch from 
420 kHz to 120 kHz and a chnnge from an aspect transducer aim to one which maximizes fish 
detection. Fish passage for each species was estimated through a hvo component process: (I)  
estimation of total fish passage with 120 kHz single-beam sonar. and (2) estimation of species 
proportions by sampling with gillnets of six different mesh sizes. An estimated 1,768.255 + 16,379 
(s.e.) fish passed through the sonar sampling area between 6 June and 9 September, 34% along the 
right bank and 66% along the left bank, including 83,175 + 4,441 large chinook salmon (>700 mm 
long), 38,871 + 3,122 small chinook salmon (<700 mm), 830,633 + 15,058 summer chum salmon. 
and 397,157 - <7.696 fall chum salmon. Occasional sonar periods were missed due to heavy debris 
and strong wave action. Passage estimates include estimated data from the missed periods. Routine 
system analyses indicated that the equipment functioned properly during the field season. bottom 
profiles remained linear. and a reverberation band and signal loss problems were compensated for. 
Target species were not detected in the region behind the transducer during testfishing drifts 
designed to sample this area. Relationships between signal loss and hydrological parameters were 
explored. 

KEY WORDS: salmon. hydroacoustic. escapement, species apportionment. net selectivity 



INTRODUCTION 

Coniniercial and subsistence fisheries harvest salmon Oncorhynchzrs .rp,rl, over more than 1.600 km 
of the Yukon River in Alaska and Canada. These salmon fisheries are critical to the way of life and 
economy of people in dozens of communities along the river. in many instances providing the 
largest single source of food and/or income to local residents. 

Management of the commercial and subsistence salmon fisheries is difficult due to the number. 
diversity, and geographic range of fish stocks and multiple user groups. Informat on upon which to 
base management decisions comes from several sources, each of which has strengths and 
weaknesses. Assessments of abundance in tributaries obtained through aerial and foot surveys, 
mark-recapture, weirs, towers, or sonar techniques provide stock-specific estimates or escapement 
indices. Most of this information is obtained after the majority of the fisheries have been conducted. 
Gillnet test fisheries near the river mouth provide inseason indices of run-strength, but 
interpretation of these data is confounded by gillnet selectivity, changes in net site characteristics. 
and varying fish migration routes through the multi-channel river mouth. Al:;o. the functional 
relationship between test-fishery catches and abundance is unknown. 

Hydroaco~~stic estimates of fish passage from this project complement information obtained from 
other sources. The project uses fixed location, single-beam sonar to estimate daily upstream 
passage of fish. Gillnets of up to seven different mesh sizes are drifted through the acoustic 
sampling areas to apportion the passage estimates to species. The project is locatt:d at river km 197 
near Pilot Station. far enough upriver to avoid the wide, multiple channels of the Yukon River 
delta. Because salmon migrate from the river mouth to the sonar site in two I:O three days, the 
prqject provides timely fish abundance information to fishery managers downstream of the sonar 
site. There is only one major spawning tributary (the Andreafsky River) downstream from the sonar 
site. 

The Yukon River sonar project has provided fisheries management daily passage (estimates for most 
years since 1986. The main challenges faced by the project have been to use sonar technology to 
detect fish migrating past the sonar site and develop viable methods for estirr~ating the relative 
abundance of each species detected. The project has used hydroacoustic equipment since 1993 that 
operates at a lower frequency (120 kHz) than formerly (420 kHz), and is capable of detecting fish at 
longer ranges. In addition, species apportionment methodology has been streamlined. and net 
selectivity has been estimated more accurately (Fleischman et al. 1995). Project objectives in 1998 
were to provide daily and scasonal passage estimates for chinook and chum salmon. estimate the 
precision of these estimates. and perform routine system analyses to ensure consistent data 
collection and processing and provide early detection of problems which might anse. 



METHODS 

Hydrnncorrstic Dntn Acqriisition 

Equipment 

Sonar equipment used on the right bank (relative to a downstream perspective) of the Yukon River 
included: 1) a 13iosonics' Model 101 (SN 83-036) 1201420 kHz echosounder configured to 
transmit and receive at 120 kHz; 2) an International Transducer Co. (I.T.C.) Model 5398 120 
kH7 user-configurahle transducer (SN 003) configured for dual-beam use as case I1 (3.6Ox9.2" 
narrow and 12.?"x22" wide beam): 3) two 304.8 m (1.000 ft) Carol Model 1302 microphone 
conductor cables (SN's 201 and 202) connecting the sounder and transducer: 4) an 
Hydroacoustic Technology. Inc. (H.T.I.) Model 403 chart recorder interface coupled with a 
Panasonic KXP 1614 dot matrix printer: and 5) a Hewlett Packard Model 54501.A dipital storage 
oscilloscope. 

Left-bank sonar equipment included: 1) Biosonics Model 101 (SN 83-039) and 102 (SN 89-019) 
1201420 kHz echosounders configured to operate at 120 kHz; 2) an I.T.C. Model 5398 120 kHz 
transducer (SN 005) configured for dual-beam use. case I (2.1"x4.9" narrow and j.g"x9.7" wide 
beam) for the left-bank offshore stratum: an I.T.C. Model 5398 120 kHz transducer (SN 004) 
conligured for dual-beam use, case I (2.0"x4.6" narrow and 3.9"x9.2" wide beam) for the left-bank 
nearshore straturn: 3) four 304.8 m (1.000 ft) Belden Model 8412 microphone conductor cables 
(SN's 501. 502 l'or left bank nearshore; and 503, and 504 for left bank offshore) connecting the 
so~lnders and transducers; 4) H.T.I. Model's 401 and 403 digital chart recorder interfaces coupled 
with Panasonic IXP1624 and KXP 2624 dot matrix printers; and 5) an Hewlett Packard Model 
54501 A digital storage oscilloscope. 

The Biosonics Pdodel 101 echosounder systems were professionally calibrated (Table I). the 
echosounders fi~nctionally checked. physically examined. and comprehensive transmitter and 
receiver gain m~sasurements were made prior to the field season. The Biosonics Model 101 
echosounder was used on left bank from 3 1 July through 8 Auglst and from 17 August through 9 
September with the left bank equipment assemblage to take advantage of its ability to multiplex 
two transducers. This system was not calibrated preseason. Dual-beam data were digitized. 
processed. and electronically stored with a Biosonics Model 281 echo signal processor (ESP) 
installed in a Cornpaq 386 20e personal computer. 

~ 

I Mention of a company's name does not constitute endorsement 



Transducers were mounted on metal tripods and remotely aimed with Remotc: Ocean Systems 
(ROS) PT-25 dual-axis rotators. Rotator movements were controlled with a ROS PTC-I controller 
with position feedback to the nearest 0.1". Gasoline generators (3500 W) supplied 120 VAC power. 

Sampling Procedures 

We deployed two transducers on the left (south) bank and a single transducer on the right bank at a 
point where the river is approximately 1,000 m wide (Figure 1). The right bank has a stable, rocky 
bonom that drops off steeply to the thalweg (Figure 2) at a vertical angle of 9". calculated from a 
depth of 23.5 m at a range of 150 m. We positioned the right-bank transducer 5-10 m from shore, 
adjusting the aim between three strata (0-50 m, 50-100 m, and 100-150 m) to position the beam as 
close to the river bottom as possible for each sample. The left-bank river bonom drops off gradually 
with a vertical angle of 2.3", calculated from a depth of 11.9 m at 300 m, with a slightly steeper 
slope nearshore. 4.3" calculated from a depth of 3.8 m at 50 m (Figure 2). Two transducer's were 
originally deployed until debris and strong current created problems with the transducer located 
offshore. The nearshore transducer was deployed approximately 10 m from shore utilizing three 
aims to sample a nearshore stratum (0-70 m). a midshore stratum (70-250 m), and an offshore 
stratum (250-300 m). The transducer was repositioned frequently to compensate for the dynamic 
watcr level. During the latter portion of the field season, the original offshore transducer was 
positioned near shore slightly upstream of the left-bank system and aimed lower to maximize tish 
detection in the 0-12 m range. This stratum was sampled simultaneously with the (original ncarshore 
stratum by multiplexing the two transducers to avoid a loss in sampling time. 

Each acoustic sampling stratum was subdivided into five equal range sectors. Sample data were 
tallied by sector in I 5-minute intervals during daily sampling periods from 0530 to 0830. 1330 to 
1630. and 21 30 to 0030 alternating every % hour between strata. 

We counted echo tracings as fish if at least one ping in the cluster passed the second threshold (see 
Equipment Settings, Thresholds, Data Storage) and the target did not resemble an inert downstream 
object. Multiple fish tracings were marked if there was a discontinuity in the tracing and the second 
cluster indicated movement in a direction different from the first. Fish tracings were tallied on field 
data forms. then entered into an K:Base database. The data were checked daily for data entry or 
tallying errors. then processed using commercial statistical data processing (SAS) software. 

All personnel were trained to distinguish between tish tracings and non-target echoes. Chart 
printouts were reviewed daily by either the project leader. crew leader, or an experienced 
technician to check the accuracy of the marked fish tracings and reduce individual biases. Each 
chart image was checked for indications of signal loss and changes in bottom reverberation 
markings which might indicate a movement of the transducer or a change in bot~om structure. 

Wc sampled continuously for twenty-four hours on 18 June, 2 July. 16 July, 10 August. and 24 
August and fourteen hours on 4 July. 5 July. and 6 July to estimate the uncertainly associated with 



the normal sonar sampling schedule. Sampling was divided among strata in proportions consistent 
~vith the regular sampling schedule. 

Equipment Settings, Thresholds, Data Stnrage 

We used a 40 log(R) time-varied gain (TVG). a 5 kHz bandwidth, and 0.4 ms transmit pulse 
duration during! all sampling activities. Pulse repetition rates were set below the maximum 
allowed by ran:ge to avoid overloading printer buffers; right bank nearshore strata and left bank 
nearshore strata transmit intervals were set at 0.3 s. left bank midshore strata and right bank 
offshore strata at 0.4 s. and left-bank offshore strata at 0.5 s. 

All sampling was conducted using a single elliptical beam. On right bank, the wide beam 
(12.3"~22") wa:; used exclusively to sample the nearshore strata (up to 100 m) and the narrow 
beam (3.Vx9.2') was used to sample at ranges greater than 100 m. On left bank, the nearshore 
region was generally sampled using the wide beam (3.9"x9.2"). while the niidshore and offshore 
regions were s~mpled  with the narrow bean1 (2.0k4.6"). Appendix A documents the beam type 
and threshold. transmit. receiver gain and attenuation settings by stratum. 

Echoes were digitized by the chart recorders and printed on wide carriage. continuous-feed paper 
using dot matrix printers. Charts were archived. and a small portion of the data were taped using a 
Son? Betamax system in conjunction with a Model 171 chart recorder interface. Four printer 
thresholds. corresponding to degrees of gray-line, were set for all strata in approximately 3 dB 
increments. Initially, the lowest sampling tlueshold. set at -40 dB, was approximately 9 dB lower 
than the theoretical on-axis target strength of a chum salmon of minimal length (450 mm). 
calculated using Love's equation (1977). Lowering the threshold by 9 dB allows for detection 
across the nominal beam width (6 dB) and some variability (-3 dB) induced by fish aspect and 
noise cormptio.n. To facilitate aiming on the left bank, the lowest threshold was reduced to 
approximately -44 dB, the level necessary to detect faint bottom reflections on this side of the river, 
but only target!; greater than 4 0  dB were marked as fish. Left bank thresholds were adjusted 
frequently to cc~mpensate for environmentally induced signal loss by reducing the threshold to a 
level where bottom reflections were again detectable across the strata's range (Appendix A). On 
the right bank. the majority of sampling ~vas  conducted at a threshold of -37 to -40 dB. On 
occasion. this ti-~eshold was raised to eliminate unwanted noise (Appendix B). Threshold levels (in 
mV) were recorded and converted to target strength. 73"$. as follows: 

TS , ,  = 20 log ---- - (SL + G ,  + G,<) ( 
where 

T,,,, = chart recorder threshold in mV. 
SI. =transmitted source level in dB. 



G, = through-system gain. 
Ci, = receiver gain. 

Aiming 

The transducer was aimed to maximize fish detection. Horizontally, the beam lvas oriented along 
the best bottom profile approximately perpendicular to fish movement so tl-e majority of fish 
would present the largest possible reflective surface. Since most fish travel close to the rivcr 
bottom, the maximum response angle of the beam was oriented along the river bottom through as 
much of the range as possible. 

Fluctuating water level required frequent repositioning and subsequent re-aiming of the 
transducer beam. The left-bank transducers were re-aimed more often to cjJmpensate for the 
dynamic bottom conditions on that side of the river. Rotator settings for each new aim were 
documented and chart printouts of the new aim were marked and dated. Because rotator position 
displays are only accurate to about 0.3 degrees, returning to the same rotator settings did not 
guarantee a return to the same aim. All personnel were trained to first reset pan and tilt settings. 
then match bottom striations on the current chart printout with those of displayed chart samples 
when changing between sampling strata and to notify a supervisor if a '.good" aim could not be 
re-established. 

System Analyses 

The hydroacoustic system was routinely analyzed following procedures first established in 1995 
(Maxwell et al., 1997). System analyses included a combination of equip~nent performance 
checks. bottom profiling using down-looking and side-scanning sonars, drifting through 
unsampled regions of the river using down-looking sonars, hydrologic meas~rements, and drift 
gillnetting behind the transducer to test for target species. 

Hq'droncoitsfic Eq~iipmenf Clrecks 
We measured the transmitter output through a 50 ohm load periodically durirlg the field season 
and compared the results to values obtained from preseason calibrations. Weekly. we checked the 
time-varied gain circuitry of each echosounder by measuring the voltages of irlternally generated 
calibration signals amplified by the 40 log (R) TVG circuitry at four ranges (2.5 m, 50 m. I00 m. 
and 250 m) comparing the theoretical voltage at 1 m for each of the measured rangc values. 

To verify that the sonar system was operating normally, we used a Biosonics Model 281 dual 
beam ESP to determine the target strength of two stainless steel targets (38.1 and 76.2 mm) in 
s i l l r .  Each target was suspended from the side of a skiff anchored offshore. We aimed the beam at 



the suspended tlrget. maximizing the echo amplitude in hoth the horimntal and vertical planes. 
Signals were filtered for bandwidth (5 kHz) and half-amplitude pulse width (0.36-0.57- ms). The 
nlininlunl threshold was set just above the noise floor. Target data were converted from the ESP 
software to an Access database. During post-processing, the target data were isolated from 
extraneous echoes by selecting echoes within a limited range bin. 

We tested the accuracy of the print threshold levels by sending a TVG-amplified calibration tone 
through the digital chart recorder interface to the printer where signal amplitudes surpassing four 
incremental thresholds were displayed as different gray levels. Chart recorder range 
measurements were compared with corresponding oscilloscope time measurements at each 
threshold ampli'.ude. 

Transducer cables were tested for transmission loss preseason. The cables were tested by 
transmitting a 1 VAC signal through the cable and a 50 ohm load measuring the resulting voltage 
with a digital storage oscilloscope. 

Bottom Profie.~ 
Bottom profiles were recorded along both banks using a Low~ance X-15 fathometer (I92 kHz) 
with a 70 degree circular beam to locate deployment sites with suitable linear bottom profiles. 
Inseason, the fxthometer was used regularly to monitor changing bottom conditions and to watch 
for the formation of sandbars capable of re-routing fish to unensonified areas. We created a 
bathynietric map of the sampling area (Figure 3) during the season using depth at range 
measurements to document bottom conditions and sandbar formation. 

Visual bottom images of the study area along both banks were recorded using an Imagenex 
Model 001 sidt:scanning sonar unit and digital audio tape (DAT) recorder. These data were 
recorded while motoring parallel to each shore in five minute segments and across the river 
between the twc~ transducers. 

Down-looking :$onnr Drifts 
We obtained echograms weekly using the Lowrance fathometer while drifting with the motor 
turncd off to cclmpare fish tracings nearshore along both banks to those in the thalwc, 3 c ~  to test 
whether fish mizrate outside of the acoustic sampling range. 

H)!drologic Me~zsrrremenb 
I-lydrologic measurements were recorded daily. Water level was measured using a staff gauge 
located offshore from the field camp and from United States Geological Survey. Water 
Resources Division benchmarks located approximately 500 m downstream of Pilot Station. Daily 
staff gauge mezsurements were adjusted to the benchmark for comparison to water levels from 
prior years. Conductivity, air and water temperature, and secchi disk measurements were 
collected daily offshore along both banks. 



Species Composition Dntn Acqubitiotr 

Equipment and Procedures 

Gillnets were drifted in three zones (right bank, left-hank nearshore. and left-bank offshore) within 
corresponding sonar sampling areas to estimate species composition. Six mesh slzes were fished to 
effectively capture all size classes of fish present and detectable by the hydroacoustic equipment. 
During the summer season (prior to 19 July), gillnets of mesh sizes 216 mm (8.5 in), 43 meshes 
deep (MD); 191 mm (7.5 in), 48 MD; 165 mm (6.5 in), 55 MD; 133 mm (5.25 in), 69 MD; 102 
nim (4 in), 90 MD; and 70 mm (2.75 in), 13 1 MD, were used. Use of large mesh gear, 21 6 mm and 
191 mm, was discontinued from 19 July through 23 July, and after 27 July. All nets were 45.7 m 

(25 fathoms. 52.5 stretch fathoms) long and 7.6 m (25 ft) deep. Nets were constructed of Momoi 
MTC-50 or MT-50, shade 11 or 3. double knot multifilament nylon twine and hung using a 2:l 
hanging ratio. 

Gillnetting rook place between sonar sampling periods twice daily from 0915 to 1215 and 1715 to 
2015. During each gillnet sampling period four nets were drifted within each zone for a total of 24 
drifts per day. The shoreward end of the left-bank nearshore drift was approximately 5 to 10 ni 
from shore. The left-bank offshore drift originated further offshore (approximately 70 m) so as not 
to overlap with the nearshore drift. All drifts with one net were completed before switching to the 
next net. The two left-bank drifts with a given net were not done consecutively (i.e.. drifts were 
done on alternate banks: left-right-left), so that there was a minimum of 20 minutes between the 
drifts on the same bank. 

Four times were recorded to the nearest second onto field data sheets for each drift: net start out 
(SO), net full out (FO), net start in (SI), and net full in (FI). Fishing time (I). in minutes. for each 
drift was defined as 

FO-SO FI - S I  
/ = S I - F O +  + 

2 2 

Drifts were generally eight minutes in duration but were shortened when necessxy to avoid snags 
and limit catches during times of high fish passage. 

Captured fish were identified to species and measured to the nearest 5 mm length. Salmon species 
were measured from mid-eye to fork of tail: non-salmon species were measured From snout to fork 
of tail. Fish spccies. length and sex were entered onto field data sheets. Each drift record included 
the date, fishing time, sampling period, mesh size, length of net and captain's initials. Scale samples 



were collected fiom chinook salmon. mounted on scale cards. and referenced to test-fishing data 
sheets. Data were transferred from field data sheets into an R:Base database and processed using 
SAS software. (Captured fish were distributed to local residents or sold to processors whenever 
possible. Fish dispersal was documented daily. 

Species Proportions 

Species proportions were estimated from relative gillnet sampling catch-per-unit-effort (CPUE) 
data. after first adjusting for gillnet size-selectivity. Separate gillnet selectivity curves were used for 
chinook salmon (Oncorhynchw tshouytschu), summer chum salmon (0. keta), fall chum salmon, 
coho salmon (0. ki.strrch). pink salmon (0 gorhtlschcr). whitefish (Coregonus spp.). cisco (C. 
surdinella. C. bzzrrcttae). and a combined group of all other species. Gillnet selectivity curves 
(Figures 4 to 7) were updated prior to the field season to include catch data through 1997. 

Analytical Metliods 

Fish Passage 

Daily fish passage was estimated by summins the counts over all sectors. converting this number to 
an hourly passa!:e rate. averaging the passage rate from each sampling period. and expanding the 
final count temporally to obtain the daily estimate. Total daily passage was estimated separately for 
each zone. Zone 1 consisted of the entire counting range on the right bank, corresponding with 
strata 0-2. Zone 2 consisted of the left bank nearshore counting range from 0 m to 50-70 m (end 
range dependent upon the changing bottom profile) on the left bank, corresponding with stratum 3. 
Zone 3 consistell of the left bank offshore counting range extending from 50-70 m to 300-350 m 
(end range dependent upon signal strength at this range), corresponding with strata 4 and 5. 

Total fish Cv) passing through stratum s of zone s during sample q of sonar period p of day d was 
calculated by summing net upstream targets over all sectors c. 

The passage ratt: ( r ) in fish per hour. for stratum s of zone z during sonar period p of day d. was 
computed as 



where h*, is the duration. in hours, of sample q of sonar period p of day d for sl.ratum s of zone z. 
The passage rate for zone z during sonar period p of day d was computed as ths: sum of passage 
ratcs for strata associated with each zone, 

The passage rate for zone z during day d was estimated by the average sonar pericd passage rate, 

where n,, the number of sonar periods during day d o n  zone r. Finally, the total passage of fish in 
zone z during day dwas  estimated as 

Sonar sampling periods, each three hours long, were spaced at regular (syster~atic) intervals of 
eight hours. Treating the systematically sampled sonar counts as a simple randt~m sample would 
over-estimate the variance of the total. since sonar counts were highly autoc.orrelated (Wolter 
1985). To accommodate these characteristics of the data, a variance estimator based on the squared 
differences of successive observations, recommended by Brannian (1986) ar~d  modified from 
Wolter (1985), was employed; 

where,&denotes the first-stage sampling fraction, 8 hrs124 hrs = 0.33. 

Missing Dntn 
Equipment malfunctions and other uncontrollable events occasionally resulted in missing sonar 
data. When individual subsamples within a sonar period were missed. fish pass:ige was estimated 
based on existing subsamples for that period. If a portion of a subsample was missed. fish passage 
was estimated from the remaining sample provided the sample contained at least five of the fifteen 



minutes. Data missing from a single stratum for an entire period or more was estimated from data 
obtained from period(s) sampled during the same day. Data missing from an entire day was 
estimated from ,:he opposite shore's data surrounding the missing day. 

Species Composition 

The catch (c) ol'species i and length 1 during drift.j of mesh m during gillnet sampling periodf in 
zone s on day r l  was first adjusted for gillnet selectivity (s) of species i and length 1 in mesh 111. 

Adjusted catch ( a )  was calculated as 

if selectivity was at least 0.10. If selectivity was less than 0.10, adjusted catch was set to zero. 

Total effort (e), in fathom-hours, of driftj with mesh size m during gillnet sampling periodfin zone 
s on day d was c:alculated as 

since all nets were 45.7 m (25 fathoms) long. CPUE (CJ for length 1 of species i in drifts of mesh 
m during gillnet sampling periodf in zone I on day d was computed as the total adjusted catch 
divided by total effort. 

The mean CPUI: across meshes having non-zero CPUE was computed. i.e.. 

where %,,,is the number of meshes having adjusted catches of length 1 of species i greater than 0 
during test-fish lperiodfof day d i n  zone z. The total CPUE for species i was computed by summing 
over all lengths. 



The proportion @) of species i during test-fishing period f in zone r on day d was then estimated 
by the ratio of the sum of the mean CPUE of all lengths of species i having non-zero CPUE to 
the total of the same quantity summed over all species, i.e., 

For zone z on day d. the proportion of species i was estimated as 

C c;,/:, 
J 

P i t  = C C c1,t/ ' 
8 I 

which is equivalent to the mean of the two test-fishing period proportions. weighted by the total 
CPUE for all species in each test-fishing period. 

The estimator of the variance of pid: was adapted from Cochran (1977:64), weighting each 
replicate by total (all species) CPUE: 

where 
n,, is the number of gillnet sampling periods in zone z during day d 

Fish Passage by Species 

The passage of species i in zone z during day d was estimated by 

- 
Y,tt - Y<t  P i t .  



Passaee estimatc:~ were summed over all zones and all days to obtain a seasonal estimate for species 
yi, 

Except for the timing of sonar and gillnet sampling periods. sonar-derived estimates of total fish 
passagc were i~dependent of gillnet-derived estimates of species proportions. Therefore the 
variance of their product (daily species passage estimates y,dz ) was estimated as the variance of the 
product of two independent random variables (Goodman. 1960). 

Finally, passage estimates (equation 18) are assumed independent between zones and among days, 
so the variance of their sum (equation 19) was estimated by the sum of their variances, 

Assuming nomdly  distributed errors. 90% confidence intervals were calculated as 

SAS program code (blaxwell and Huttunen. 1998) was used to calculate passage estimates and 
estimates of variance. 

Missing Data 
Equipment malfunctions, debris, and commercial fishery openings occasionally conflict with gillnet 
sampling. When insufficient gillnet sampling data is available for a given day, the data are pooled 
with data from an adjacent day with adequate data, and the pooled data are applied to the 
corresponding d ~ y s  of sonar passage estimates. 

RESULTS 

The Yukon River sonar project operated from 6 June through 9 September in 1998. Initial high 
water created a wries of problems including range-dependent signal loss, a large reverberation band 
which partially masked targets in the left-bank nearshore range, and a heavy debris load. Debris 



prevented the collection of right bank sonar data on 8 June (Figure 8). Passage on this day was 
estimated using the relative passage on the left and right banks on days before and after the missing 
day. The reverberation band diminished rapidly after the first few days of sampling. thereafter 
obstructing only a short range of the left-bank nearshore stratum. We were able to compensate for 
the range-dependent signal loss throughout the field season. Infrequently. sonar data was 
unobtainable due to wave action against the transducer which caused the signal to fade in periodic 
intervals. Passage on such days was estimated from sonar data that was collected on those days. 
Passage estimates by species were transmitted to fishery managers in Emmonak daily. 

A total of 10,256 fish were captured during 2,256 drifts totaling 15,556 minutes. The catch 
consisted of 3.545 summer chum salmon, 2,196 fall chum salmon. 408 chinook (700 mm length or 
greater). 190 "jacks" (chinook less than 700 mm in length), 1.306 coho salmon, 980 pink salmon. 
665 whitefish, 760 cisco, and 206 fish of other species. Gillnet sampling was no1 conducted during 
two scheduled commercial fishery openings in District 2 (26 June and 2 July) to avoid disrupting 
commercial fishing activities. On both commercial fishing days, the entire suife of gillnets were 
drifted during one extended sampling period. One period of gillnet data (24 June. period 1) was lost 
during sampling. Data from missed or partial gillnet sampling periods were poolcd with those from 
an adjacent day to estimate species proportions for both days. Data were also pooled when the daily 
total capture in a single zone was low. 

Hydroncoustic Estimnfcs 

An estimated 1,768,255 + 16,379 (s.e.) fish passed through the sonar beams during the 1998 field 
season; 606,273 + 9,655734 %) along the right bank, 839,168 + 12,137 (48 %) along the left bank 
nearshore, and 322.814 + - 5.272 (18 %) along the left bank midshore and offshore. Tables 2 and 3 
provide daily passage estimates by zone, standard errors. and the total passage coefficients of 
variation for the summer and fall seasons. respectively. 

Chum salmon was the most abundant species during both the summer and fall seasons (Figure 9). 
Chum salmon passage estimates totaled 1,227,790, with most (830,633 + 15.058 I passing the sonar 
site during the summer season and the remainder (397,157 - + 7,696) during fall season. The summer 
chum salmon run was dominated by three pulses. with peaks occurring on 25 and 30 June, and 9 
July. The fall chum salmon run consisted of seven small pulses. Chinook salmon passage estimates 
were comprised of 83.175 + 4.441 fish greater than 700 mm in length and 38.871 + 3.122 ':jacks" 
shorter than 700 nim. ~ h ;  coho salmon passage estimate was 176.797, + 6.066, although this 
number may not include the entirety of the run. Although the first coho salmon alas captured on 19 



July. no more were captured until 30 July. Coho salmon numbers increased slowly peaking in the 
latter portion of 4ugust with the largest daily estimate occurring on 5 September. The sonar project 
is not designed to assess the entire coho salmon run which continues beyond the time frame of the 
project. The estimated passage of all other species combined totaled 241.677 - + 7.936, including 
pink salmon. cisco. whitefish. inconnu (Stenotltrs leucichtliy.~). burbot (Lotn lota), sucker 
(Crrtostonirrs cato.rtomzr.r). Dolly Varden (So1velintr.r molmn), sockeye salmon (Oncorhvnch~~s 
nerka). and northern pike (Esox Itrcirrs) (Table 4). Daily passage estimates by species for the 
summer and fall seasons are listed in Tables 5 and 6, respectively. 

Passage estimates for both chum and chinook salmon were very low compared to 1997 and 1995 
estimates. Coho salmon estimates were only slightly lower when compared at similar ending dates 
(Figures 10 and 11). Summer chum salmon run timing was late with 25% of the 1998 run occurring 
five days later (:!5 June) compared to 1997 and 1995 runs (both 20 June) and 75% of the 1998 run 
passing through by 6 July compared to 5 July 1997 and 3 July 1995 (Figure 12). Twenty-five 
percent of fall chum salmon passed the sonar site by 9 August, eleven days later than in 1997 and 
1995 with the majority of the run (75%) passing by 24 August in 1998. 

Chinook salmon run timing was late with 25% of passage occurring on 25 June in 1998 compared 
to 12 June 1997 and 14 June 1995 (Figure 13). The ma-iority of the chinook salmon (75%) passed 
the sonar site by 6 July. later than in previous years. The last chinook salmon captured on 16 
August. 

Relatively high correlations were observed between summer season passage estimates and gillnet 
CPUE for the right-bank, left-bank nearshore. and left-bank offshore zones (R=0.717. R=0.858. and 
R=0.701 respectively: p<0.001) (Figure 14). Fall season passage estimates and CPUE were 
significantly correlated for the right bank (R=0.647; p<0.001). but not for the left-bank nearshore 
and oflihore da t ,~  sets (R=0.363. p<O.O5 and R=0.332. p>0.05) (Figure 15). 

The percent of summer and fall passage was plotted in 20 n~ range increments by bank and season 
for 1995. 1997 and 1998 to illustrate the horizontal distribution of fish in the sampling area (Figures 
16 and 17). Passage levels declined sharply as a function of the distance offshore. On the left bank, 
90% of the detected passage occurred within 130 m of the transducer in 1998, 150 m in 1997, and 
190 m in 1995. On the right-bank. 90% of the detected passage occurred within 70 m of the right- 
bank transducer during each of those years. 

System Analyses 

Estimates produced from twenty-four hour sampling periods were lower than 90% confidence 
intervals surrounding the routine nine hour estimates in three out of five trials. just above in one 
trial. and within the 90% confidence interval in one trial (Table 7). Three fourteen-hour sampling 



periods produced higher estimates than corresponding nine hour estimates, but 2.11 were within the 
nine hour estimates' confidence intenals. 

Bottom profiles conducted along the left and rizht banks at the transducer ocations revealed 
smoothly sloping linear profiles suitable for sonar deployment (Figure 2). No changes were noted 
in the steeply sloping, rocky bottom along the right bank. The left-bank botton~ profile remained 
linear within the sampling range for the duration of the field season. The side-edge of the river bend 
sandbar. labeled in Figure 2. is located outside the left-bank sonar range (300-350 m) at 
approximately 500 m. The tip of the river bend sandbar extended from the river bend downstream 
past the left-bank sampling area encroaching within 200 m of the right-bank sampling area (Figure 
3). A second sandbar. the Atchuelinguk sandbar. extcnded downstream along the right bank from 
the confluence of the Atchuelinguk and Yukon Rivers to slightly downstream of the First Slough 
entrance remaining well upstream of the sampling area. We monitored both sandbars closely 
throughout the field season. 

A total of 90 drifts were conducted this field season while charting the bottorn with the down- 
looking sonar. 34 drifts parallel to each shore and 22 drifts down the river's charmel. Tracings that 
resembled single fish tracings were counted. Neither clumps of echoes nor unidentifiable traces 
were counted. The fish passage rate per square meter was calculated and compared among the three 
zones with the following results: left bank 30.6%. right bank 68.8%. and the thal~veg 0.6'%. If more 
of the ques:ionable traces were added in. the right bank percentage would be higher with little gain 
in either the left bank or thalweg zones. The charts best illuminating fish traces for each region are 
depicted in Figures 18 to 20. 

The Yukon River was rising when we arrived at the Pilot Station tield camp. It crested on 13 June 
at 7.08 m, declined gradually reaching its lowest point (5.16 m) on 13 August. then rose sharply 
peaking at 6.59 m on 1 September (Figure 21). The crest was slightly lower compared to 1997. but 
more than 1 m higher than either 1996 or 1995's high points. Conductivity rose slowly during the 
field season then dropped sharply after 1 September (Figure 22) ranging from 97-272 pS off the 
left shore and 76-239 16 off the right shore when corrected to 25 "C. The dally fluctuations in 
conductivity are due to spatial rather than temporal differences in conductivity on the right side of 
the river. A comparison of water level and conductivity demonstrated an inverse relationship for 
both the right and left sides of the river (R= -0.37 and R= -0.50; p<O.OOI). Offshore from the left 
bank. secchi disk visibility varied from 5-18 cm below the surface with an average visibility of 10 
cm. Secchi disk visibility ranged from 8-26 cm off right bank with an average of 15 cm visibility. 
Water temperature ranged from 7-19 "C and averaged 14 "C. 

Periodic inseason transmitter output measurements from the project's Model 101 echosounders 
showed little deviation (less than 112 dB) from preseason values (Figure 23). No preseason values 
are available for the Model 102 echosounder, but two inseason measures differ b : ~  less than 112 dB 
which was likely within measurement error. TVG function analyses (Figures 24 and 25) 
demonstrated relatively consistent performance with a maximum difference between field measures 



of less than 1 % dB for the narrow and wide beam channels of all project echosounders with the 
cxccption of the right bank narrow beam channel which differed by 2 dB between field measures. 

Chart recorder print threshold analyses of echosounder 101-83-039 showed an average difference 
of -0.41 + 0.26 dB (s.d.) (narrow beam channel) and -0.55 + 1.05 dB (wide beam channel) between 
voltage levels translated into chart recorder ranges and time measurements of thc same signal 
measured on a digital storage oscilloscope. The right bank echosounder (101-83-036) showed an 
average difference of 0.20 + 0.21 dB (narrow beam channel) and O..3l f 0.41 dB (wide beam 
channel) \vhile the printed thresholds of echosounder 102-89-01 9 differed by an average of -0.25 + 
0.22 dB (narrow beam channel) and -0.25 +0. 0 8  dB (wide beam channel) from similar 
oscilloscope time measures. 

Signal loss through the six 312.5 m (1.000 foot) transducer cables averaged 2.4 +0. 0.8 dB prior to 
the field season. No comparative measures were made inseason or postseason. 

Dual beam sonar target strength estimates of the stainless steel targets were highly variable (Table 
8). Within this variability, one trend was noted. The 76.2 mm stainless steel sphere measured near 
the river surfac? produced an average target strength of 15 dB higher than the average target 
strength measured at a depth of 1.8 m. with no overlap between the central 90% of the two data sets 
(Figure 26). Both data sets were collected on 10 July at a range of 24.5 m. Target strength estimates 
of the same sphere on the same day measured at a longer range (99.5 m) ncar the surfice of the 
river averaged -33 dB, overlapping the 90% confidence limits of both shorter range (24.5 m) data 
sets. The small :stainless steel sphere (38.1 mm) measured at a range of 42.5 m offshore of the left 
hank averaged -12 dB with 90"6 of the target strength values between 4 8  and -38 dB. This same 
target when messured offshore of the right bank at a range of 36.5 m averaged -27 dB with 90% of 
the target streng h values between -38 and -22 dB. 

A reverberation band appeared in the left bank nearshore strata during the early and latter portions 
of the 1998 field season. The amplitude and range of this band were less than documented in 1997 
(Maxwell and Flununen, 1998). The reverberation band was typically broken into two dominant 
peaks, one always less in amplitude than the other ranging from 10 to 30 m wide. 10 m from the 
left-bank nearshore transducer (Figure 27). The unwanted signal was dispersed enough that fish 
tracings were detectable within the majority of this region during all but the first week of the field 
season. 

On 16  June. we measured echo amplitudes from the reverberation band with a digital oscilloscope 
at an array of pan and tilt angles. These echo bands were 16 to 23 n~ wide in two distinct bands 
ranging from 6 to 38 m from the transducer. In the first series of measurements, we panned the 
transducer horizontally in approximately four degree increments adjusting thc tilt to maximize the 
river bottom echoes at each pan angle (i.e. the 'best' sampling tilt for each hori~ontal position). The 
approximate peak and a 128-ping averaged peak of the reverberation band were measured. Peak 
and avcragcd peak amplitudes are displayed in Figure 28 (top) for each pan angle. No clear trend is 
discemahle from this chart. The zero pan angle represents a perpendicular aspect to the river's 



current: negative values are downstream of perpendicular. Peak amplitudes ranged from 4 1  to 4 3  
dB with the averagcd peak value approximately 3.1 dB lower. During the second series of 
measurements, the transducer remained at the zero pan whilc the tilt  was adjusted (Figure 18. 
bottom). The zero tilt angle is aimed far enough below the surface to avoid receiving backscattering 
energy from the airlwater boundary. Decreasing angles tilt the transducer toward the river bottom. 
Peak measures ranged from 4 4  to 4 8  dB with the averaged value approxima~ely 2.9 dB lower. 
The trend in this chart is clear. As the transducer is aimed closer to the river bottom. the amplitude 
of the reverberation band increases. 

We experienced changing signal loss as a function of range during the field smzason. Signal loss 
always accompanied the reverberation band but frequently occurred when the reverberation band 
was not detected. Signal loss was detected by the decreased intensity of bottom reflections on the 
printed echograms at ranges beyond 150 m. We did not observe range-dependent signal loss on 
right bank echograms (however, the maximum range on this side of the river is less than 150 m). 
We compensated for range-dependent signal loss and penetrated the reverberation band through a 
combination of increasing transmit power, increasing receiver gain, adding TVCi, lowering printer 
thresholds. andlor changing range strata to more closely match the pattern of signal loss. These 
techniques reduced left bank thresholds (Figure 29). We compared signal loss ech sing the changing 
threshold level in the outermost left bank strata to estimate the loss) with water level, secchi disk 
measures. conductivity, and water temperature to search for evidence of an en~ironmental cause 
(Figures 30 and 31). Secchi disk values and water temperatures plotted against daily thresholds in 
the outermost left bank strata revealed weak but significant linear relationships (F!= 0.40. p< 0.001: 
R= -0.45. p< 0.001). No relationship was observed between threshold and eithcr water level (R= 
0.04: p> 0. I) or conducti-lity (R= -0.24, p> 0.01). 

DISCUSSION 

The Yukon River sonar passage estimates agreed with other estimates of abundance and 
escapement. Most indicators showed low returns for chinook salmon and bclth runs of chum 
salmon. 

The drift gillnet program captured sufficient numbers of fish in the left bank ncarshore and right 
bank zones for daily species apportionment. However. gillnet catches in the left bank offshore zone 
werc either low or in many cases zero, frequently requiring us to combine fishing data from 
multiple days to apportion the sonar estimates. On one occasion, it was necessary to combine five 
days of fishing data. We need to assess whether combining data across days or across range would 
better reflect species proportions during low catch periods. It may be necessary 1.0 include a menu 
system in the SAS programming code that will allow changing our strategy inseason if necessar).. 



Gillnet CPUE and passage estimates correlated reasonably well during the summer season. but very 
poorly during the fall season. This fall season showed the poorest correlation betwecn these data 
sets when compared with data from 1997 'and 1995. The lack of correlation on left bank during the 
fall season is most likely a result of the extremely low catch rates during that time. 

Left bank horizontal range distribution charts show that fish were concentrated in a region closer to 
shore comparetl to prior years (Figures 16 and 17). This trend follows a decline in passage 
estimates in those same years suggesting a positive relationship betvieen run size and the width of 
the migratop rmge. On the right bank. where the steep river bottom forces fish into a narro\c 
resion, no change was observed in the migratory range from 1995 to the present. The steep drop-off 
in tish numbers on both banks as range from shore increases suggests that Sew tish travel outside of 
the ensonified !;ampling range. However. this conclusion must be considered tentative. Another 
possibility is that detectability declines as horizontal range increases. With the large variability 
noted in target ctrengths and the difficulty of conducting target work at long ranges, this possibility 
has not been hlly assessed. 

Overall, twenty-four hour sampling periods produced lower estimates compared to routine nine 
hour sampling periods. We expect a slight reduction in these estimates due to the interference of the 
driti gillnet program which is actively sampling during six hours of the expanded acoustic sampling 
periods. This \css the first year we collected data over fourteen-hour sonar sampling periods. The 
expanded portion of these periods took place overnight when there was no drift gillnetting in 
progress. These estimates were all larger than. but within the 90% confidence intervals of, nine 
hour estimates. With only three fourteen-hour sampling periods for comparison. any conclusions 
must be considered preliminar).. 

Bottom profiles on the right bank were very similar to prior years' profiles. We seldom note any 
substantial changes along this side of the river. On left bank. the profiles remained linear 
throughout the tield season. Bottom profiles suitable for sonar assessment were found on both sides 
of the river. 

Two sandbars observed in past years were present this field season. The Atchuelinguk sandbar 
remained far upstream of the sampling region. We don't expect to see a downward progression of 
this sandbar. The lower edge of the sandbar is washed away by the current of First Slough. The 
river bend sandl~ar had progressed downstream since the 1997 field season. In 1998, the side-edge 
of the sandbar was charted at 500 m offshore from the left bank transducer. The most downstreani 
extension of thili sandbar was observed 200 m upstream of the right bank transducer at a depth of 
over 50 ft. We fished the upper reaches of the sandbar on two occasions and tangled a coho salmon 
during one drift. No other fish were captured. it is difficult to determine the pathway fish might 
travel to approac:h this sandbar. or the degree to which they use it. The upper reachcs of the sandbar 
are more than 1,000 m above the right bank transducer. It is likely that the captured coho salmon 
approached the !;andbar from the right shore well after swimming past the transducer. As the fish on 
this sidc of the river migrate upstream. they pass the edge of the Atcheulinguk sandbar. Below this 
sandbar a cliff drops off very sharply to the thalweg (Figure 3). This would appear to be one likely 
location for tish to cross the narrow thalweg over to the sandbar. However, this is only speculation 



since we are unable to plot fish movement upstream from the site. Horizontal distribution plots 
(Figures 16 and 17) show no sign of offshore movement by fish. As mentioned previously. the fish 
migration corridor appeared to be closer to the left shore this season but showec! no change on the 
right bank. If fish are traveling offshore to the sandbar either dounstream of or at the sampling site. 
it would seem reasonable to observe a change in their horizontal distribution. During the next field 
season it will be extremely important to continue to plot the movement of the sar~dbar. monitor fish 
distribution. and fish with gillnets along the sandbar. 

This season we altered the down-looking charting method used to search for fi:jh in unensonified 
regions of the river from transecting across to drifting down the river. The cross-river transect 
method provided no usefill data. Few fish tracings were observed at any range regardless of fish 
passage rates. In 1998 instead of transecting the river, we began drifting parallel to the left and right 
shores (within the sampling area) and down the thalweg (outside of the sampling area) in an attempt 
to reduce possible boat avoidance by migrating fish. Although more fish tracings were observed 
using this method, the results are still uncertain. The down-looking system overwhelmingly 
detected fish within the right bank zone. A higher pecentage might be expected due to the smaller 
migration corridor on this side of the river. Because the fish are more spread oct on left bank, we 
expect fewer detections from the down-looking system. If we apply a correction factor to the data to 
take into account the smaller migratory width, the right bank count would drop from 69% to 52%. 
still a long way from the 2535% passage typically observed from side-looking :;amples. Although 
the theoretical ensonified area was taken into account when calculating fish per zone percentages. 
the 70 degree beam information comes from the owner's manual. We have never calibrated nor 
obtained sensitivity plots of this system. The effective s i x  of the beam can tary depending on 
many factors including but not limited to target size. attenuation, and multi-path interference. 
Another confounding factor is the current speed which is fastest in the channel and slowest along 
the left bank resulting in a larger sampling area over the thalweg compared to left bank. Since the 
rizht to left bank ratio is <a different from what we observe with the side-lookin;: system. the ratio 
of targets observed in the thalweg zone is also questionable. For the upcoming tield season, more 
reliable data could be obtained by using a calibrated scientific down-looking sonar system. 
measuring current speeds in each zone sampled, and doing target work with the down-looking 
sonar to determine the effective beam size at various depths. Even with these improvements, the 
number of variables outside of our control may be too great to obtain meaningful data. 

During the field season, we charted some very unusual echoes with the down-looking system. 
Some of these echoes can be attributed to water-logged debris. Other traces show active vertical 
movement suggesting the presence of an animate target. These targets were (detected primarily 
during late August and early September (Figure 32). At this time we can only guess at what might 
retlect sound in this manner. The large pulse widths and long residence time in the beam suggest 
either a very large reflector or possibly an assemblage of targets. The tracings don't resemble 
targets traditionally identified as fish by this system (Figures 18 and 19). Coho salmon, chum 
salmon. and a few whitefish were captured in the drift gillnet test-fishing program prior to and after 
the recording of these unusual traces. No major changes were noted in species ct~mposition during 
this time of year with the exception of cisco. Although no cisco were captured or the day this chart 
was plottcd, their numbers did increase during the latter portion of the seaso11 and many were 



captured in the days surrounding this time period. Because the targets were recorded with the 
do\\n-looking. r~on-scientific system. the echo strength is unknown. A side-looking sonar sample 
collected at the same time in the same region did not produce any unusual tracings. It is possible 
that the tracings produced in Figure 32 are below the sampling threshold (approx. -40  dB) of the 
side-looking sonar system. A scientific down-looking system. set at a known threshold. would 
provide more information regarding these animate targets. These charts demonstrate the 
insufficiency of sonar data on non-target species in the Yukon River. Research needs to be done in 
this area. 

Within recent ycars. \\.e first noted large amounts of signal loss at the onset of the 1997 field season 
from the loss of bottom structure across printed charts at long ranges. High water and its 
accompanying silt load appeared to be the cause. As the water level rose. we began to lose signal in 
the outermost 1t:ft bank range. As soon as the water level peaked, signal amplitudes increased. 
Following the 1'397 field season. we compared water level with signal loss observing a significant 
but weak linear yelationship (R = -0.49; p < 0.001) between the data sets. This same correlation was 
not observed in 1998. Taking a closer look at the relationship between range-dependent signal loss 
and changes in hydrolog from 1997 and 1998 field seasons confused the situation further. The 
only common clenominntqr between the two seasons was a correlation between threshold and 
secchi measures (1998 R = 0.40. p < 0.001; 1997 R = 0.49, p < 0.001). No other hydrology 
measures were :iignificantly correlated across both field seasons. The correlation between secchi 
measures and threshold must be considered extremely tentative due to the crude tools used to 
measure both turbidity and signal loss. Numerous variables other than turbidity can affect the 
secchi disk mea:;ure including daylight levels. the visual acuity of the observer. and the strength of 
the current which affects the secchi disk angle in the water. The left bank outermost range threshold 
is not only a crude measuring tool but is biased at both ends. Minimum thresholds are determined 

by a combination of the equipment's capabilities. noise, and reverberation from the environment. 
The maximum threshold used on left bank is -44 dB. To further esplore the relationship between 
turbidity and signal loss, it will be necessary to obtain a turbidity meter and an objective measure of 
signal loss at range. 

As the highly variable data in Table 8 indicate. measuring echoes from a target provides an even 
less accurate measure of in sit11 signal loss. The dual-beam system restricts our ability to conduct 
target work beyond 100 m because the wide beam (3.8") doesn't fit into the water column (3.3") at 
or beyond this range. Since signal loss is most evident beyond 150 m. dual-beam target strength 
measures are an inappropriate measuring tool. A second problem stems from multi-path echoes. We 
frequently observe multi-path echoes from fish targets in the range of 25-70 m. At these ranges. 
some multiple p;~thways are different enough to produce over a meter separation between the direct 
and multiple path echoes. The longer the range. the more possibilities there are for non-direct routes 
back to the transducer, especially on the lef bank of the Yukon River where the river bottom drops 
off very slowl). Interference from multiple returns arriving close in time will increase the 
variability in target strength estimation. A split beam system would allow us to extend the range of 
target work. but will not rcduce error from multi-path echo interference. 



Estimating fish passage in the Yukon River continues to present major technical and logistic 
challenges. The extremely dynamic nature of the water level, turbidity. bottom substrate. 
reverberation band. and range-dependent signal loss create a difficult sampling environment. The 
hydroacoustic system that we employ in the Yukon River appears to work well for the purpose of 
detecting passing salmon. We were able to compensate for identified signal Iclss throughout the 
field season by modifying equipment parameters in response to the frequent environmental 
changes. Successful estimation of fish passage depends upon constant attention to the frequent 
changes and diligent re-checking of every part of the acoustic and environmental :system. 



LITERATURE CITED 

Brannian. L. 1986. Development of an approximate variance for sonar counts. 24 December 
Memorandtm to William Arvey, AYK Regional Research Biologist. Alaska Department of 
Fish and Game, Commercial Fisheries Division, Anchorage. 

Cochron. W.G. 1977. Sampling Techniques. third edition. John Wiley and Sons, New York. 

Fleishman. S.J.. D.C. Mesiar. and P.A. Skvorc, 11. 1995. Lower Yukon River Sonar Project 
Report 1993. Regional Information Report No. 3A95-33. Alaska Department of Fish and 
Game, Commercial Fisheries Management and Development Division, Anchorage. 

Goodman, L.A. 1960. On the exact variance of products. J. Arner. Stat. Assoc. 55:708-713. 

Love. R.H. 1977. Target strength of an individual fish at any aspect. J. Acoust. Soc. Am. 62:1397- 
1303. 

Maxwell, S.L., D.C. I-Iuttunen. and P.A. Skvorc, 11. 1997. Lower Yukon River Sonar Project 
Report 1995. Regional Information Report No. 3A97-24. Alaska Department of Fish and 
Game. Division of Commercial Fisheries. Anchorage. 

Maxwell. S.L. and D.C. Huttunen. 1998. Yukon River Sonar Prqject Report 1997. Regional 
Information Report No. 3A98-12. Alaska Department of Fish and Game. Commercial Fisheries 
Division, Anchorage. 

Wolter, K.M. 1'385. Introduction to Variance Estimation. Springer-Verlag. New York. 



Table 1. Preseason Yukon River sonar equipment calibration data, 1998. 

Receiver Std G1 G1 -13dB -10dB -6dB -3dB OdB 
Sounder Cables Transducer Gain L Volts In NB 40 WB 40 SL SL SL SL SL 

101-039 1000' Belden 502Y1501Y ITC 004 Case I 0 1 -168.73 -168.33 211.73 214.70 218.65 221.60 224.70 
101-039 1000' Belden 504Y1503Y ITC 005 Case I 0 3 -169.38 -169.38 211.68 214.52 218.61 221.32 224.59 
101-036 1000' Carol 2021201 ITC 003 Case II 0 3 -!71.96 -176.57 207.30 210.44 214.23 217.39 220.32 
102-019 1000' Belden 502Y1501Y ITC 004 Case I no calibration was performed with this combination of equipment. 
102-01 9' 1000' Belden 504Yl503Y ITC 005 Case l 0 -3 -168.72 -168.06 209.83 212.73 216.49 219.38 222.37 

^This calibration was completed postseason, May 1999 



Table 2 .  Daily estimates of fish passage by zone from 6 June to 18 July for the Yukon River sonar project. 1998. 

Total 

Right Len Bank Len Bank Passage Percent Percent 

Repon Bank Sld Nearshore' Sld O~shore' Sld Total Sld Coeffic~enl Right Bank Len Bank 

Pe(10d Dale Passage Error Passage Enor Passage Error Passage Enor of Vanatcon Passage Passage 

SUMMER TOTALS 372.914 9.406 509.532 

"Len Bank Nearshare R.3nge- 0 lo (50-70) m 

 en Bank Offshore Rarge (50-70) m lo 300 m 



Tahle 3 Daily estimates of fish passage hy zone from 19 July lo 9 September for the Yukon River sonar project. 19F8 

Talsl 

Rmgnl Lslt Bank Len Bank P B S S ~ ~ C  Percent Parcsnl 

Repon Bank Sld Ncanhorc' SId Ofrrhord Sid Tolal Sld Coemc#enl Righl Bank Len 8ank 

Per80d Dale Passage Errot Parnaga Enor Parrags Enor Parrsgs Enor ofVansl#on Passags I'asrage 

FALL TOTALS 233.359 2,178 
SEASON TOTALS 4"A 273 9655 

'Len Bank Nearrhore Range Oto (50-701 rn 
'Len Bank Onshore Range 150.70) 10 300 m 



Table 4. Cumulative passage estimates by species for the Yukon River sonar project. 1998. 

CUMULATIVE LOWER 90% UPPER 90% 
ESTIMATED STANDARD CONFIDENCE CONFIDENCE 

SPECIES PASSAGE ERROR INTERVAL INTERVAL 

Large Chinook S.~lmon 83,175 4,441 75.869 90,481 
Small Chinook Sialmon 38,871 3,122 33,735 44,007 

- - - - - - - - - - - - - - - - - - 
Total Chinook Salmon 122,046 

Summer Chum 830,633 15,058 805,862 855,404 
Fall Chum 397,157 7,696 384,497 409,817 - - - - - - - - - - - - - - - - - - 
Total Chum 1.227.790 

Coho Salmon* 176.792 6,666 165,826 187,758 
Other Species" 241,627 7,936 228,572 254,682 

TOTAL 

'This estimate may not include the entire run, 

"Includes pink salmc~n, cisco. humpback whitefish, broad whitefish, sheefish, burbot, suckers, Dolly Varden 

sockeye salmon, and northern pike. 



Table 5 .  Daily estimates o f  fish passage by species from 6 June to 18 July for the Yukorl River sonar 

pro-iect 1998. 

REPORT CHINOOK CHINOOK SUMMER OTHER TOTAL ALL 

PERIOD DATE ,700 rnm c700 mm CHUM SPECIES Sf'ECIES 

SUMMER TOTALS 



Tahlc 6 .  Daily e s t i n a t e s  o f  f i s h  passape hy spec ies  from 19 July t o  9 S e p t e m b e r  for t h e  

Yukon R i v e r  s o n a r  p r q i e c t .  1998. 

REPORT 

PERIOD DATE 

CHINOOK CHINOOK 

>7mmm <7mmm 

FALL TOTALS 

SEASON TOTALS 

FALL 

CHUM 

913 

719 

908 

3.947 

5,401 

5,338 

1.519 

1.372 

1,476 

4.427 

3,467 

913 

924 

1,107 

8.076 

8.630 

7.341 

4,309 

3,305 

9,538 

8,586 

15.633 

20.407 

18151 

6,554 

5,102 

6.136 

15.593 

22.260 

23.689 

13.309 

10,562 

8.056 

8.997 

6.445 

17.194 

17.045 

9.246 

7.090 

6.944 

4.753 

2.908 

2.907 

3.116 

2,469 

2.242 

2.468 

12.280 

16.748 

11712 

6.689 

4.095 

3,161 

397.157 

397.157 

COHO 

OTHER 

SPECIES 

3 . w  

2929 

3707 

2,961 

3,830 

3,958 

5471 

5,891 

7.310 

4.775 

4.187 

5,005 

5,839 

7.672 

2.805 

2.882 

2.628 

7.095 

4,971 

3.218 

2.906 

l . d E  

1.602 

1,440 

3 182 

2.538 

3,165 

511 

752 

2.629 

3,361 

1,895 

1,767 

1,997 

3.953 

2.850 

877 

2.450 

2,548 

2.40R 

1.718 

1.358 

2.203 

2160 

2.035 

1.917 

2.547 

1.576 

995 

84 

2.479 

1.341 

1.217 

TOTAL ALL 

SPECIES 

4.560 

3.817 

4 828 

7.192 

9.612 

9.642 

7,073 

7.316 

8.851 

9.243 

8.193 

6,032 

6.832 

8.878 

11.330 

11.970 

10.382 

12.049 

8.776 

13.246 

119dl  

19,272 

25.149 

19907 

11,914 

9.351 

11.143 

18,394 

26 282 

35,233 

26.547 

18569 

16.036 

17.659 

19.473 

29,239 

29.015 

20.418 

16.520 

18.264 

11.280 

7.365 

6961 

7 206 

6,091 

5 560 

7.576 

17.972 

32.205 

26.032 

17.949 

10.747 

8.628 



Table 7. Twenty-four and fourteen hour sampling estimates compared with daily nine hour 

sampling estimates for the Yukon River sonar project, 1998. 

Left Bank Left Bank Upper 90% Lower 90% 
Sampling Right Bank Nearshore Offshore Total Confidence Confidence 

Date Method' Passage Passage Passage Passage Interval Interval 

------- ------- ------- ------- --- ---- ------- ------- ------- 
TOTAL 14 or 24-hr 76,381 90,434 36,948 203,763 

9-hr 82,211 97,659 36.188 216,058 

'Note: All estimates are expanded to twenty-four hours 



Table 8. Tarrget strength summaries o f  stainless steel targets recorded by Biosonics dual-beam 

echosounders using Riosonics Echo Signal Prncessnr software. Yukon River sonar. 1998. 

Average 90% 
Target Target 5th 95th Percentile Minimum 

Range Depth strength1 Percentile Percentile Range ~hreshold' Number of 
Date Bank (in) (m) (dB) (dB) (dB) (dB) (dB) Echoes 

38.1 mm stainless siteel sphere 

6/16 Left 42.5 0.6 
6/26 Right 36.5 shallow 

76.2 mm stainless siteel sphere 

7/10 Left 24.5 shallow 
7/10 Left 24.5 1.8 
7/10 Left 99.5 shallow 
913 Left 58.5 shallow 

1 Calculated from the backscattering acoustic cross section 
Thresholds set just above the noise level 



Figure 1. Topographical map of the Yukon River in the vicinity of the sonar site. 



6/27/98 Yukon River Sonar -500 m 

-. . .. 

Left Ba r~k  Profile 

8/04/98 Yukon River Sonar 

Right Bank Profile 

Figure 2. Lett-bank profile (top) starting at the transducer moving cross-river. The river 
bend sandbar begins approximately 500 m from the left shore. The noise at the 
beginning of the transcct is from the reverberation band. Right-bank profile 
(bottom) starting at the transducer moving cross-river. 



Figure 3. Bathymetric map of the Yukon River in the vicinity of the sonar site, 1998 

34 
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Figure 4. Net selectivity curves for chum salmon. summer (top) and fall season (bottom), 

Yukon River sonar. 1998. 
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Figure 5. Net selectivity curves for chinook (top) and coho salmon (bottom), Yukon 
River sonar. 1998. 
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Figure 7. Net selectivity curves for cisco (top) and other fish (bottom). Yukon River sonar. 1998. 



Figure 8. Dehris in front of the Yukon River sonar camp. X June 1098. 
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Figure 9. Estimated daily passage by species for summer season (top) and fall season (bottom), 
Yukon River sonar. 1998. 



Fieure 10. Cutnulz~tive passage for summer chum salmon (top) and fall chum salmon (bottom). Yukon 
River sllnar 1995. 1997. and 1998. 



Figure I I. Cumulative passage for chinook (top) and coho salmon (bottom). Yukon River sonar 
1995. 1997, and 1998. 



Figure 12. Scaled  cumulative passage estimates by day for summer (top) and fall (bottom) 
chum s;llmon. Yukon River sonar. 



Figure 13. Scaled cumulative passage estimates by day for chinook salmon. Yukor~ River 
sonar. 
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Figure 14. CPUE versus sonar passage estimates by report period and zone from 6 June to 
18 July for the Yukon River sonar project, 1998. 
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Figure 15. CPUE versus sonar passage estimates by report period and zone frorn 19 July to 
31 August for the Yukon River sonar project, 1998. 
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Figure 16. Sun~mer season horizontal distribution of left- and right-bank passage on the Yukon 
River 1995. 1997 and 1998. 
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Figure 17. Fall season horizontal distribution of left- and right-bank passage or1 the Yukon 
River 1995. 1997 and 1998. 
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Figure 18. A fathometer chart depicting fish tracings along the left shore of the Yukon River recorded while drifting parallel 
approximately 20 to 30 m from shore, 1998. 
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Figure 19. A fathometer chart depicting fish tracings along the right shore of the Yukon River recorded while drifting parallel 
approximately 5 to 15 m from shore, 1998. 





Figure 21. Water level 1995. 1996. 1997. and 1998 at the Yukon River sonar site. 



Figure 22. Conductivity and water level. Yukon River sonar 1998. 
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Figure 23. Comparison of transmitter output values preseason (dotted line) and inseason 
(diamonds) for the Yukon River sonar pro.jectls echosounders. 1998. 
Note: No pre-season values are available for echosounder 102-01 9. 
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Figure 24. Time-varied gain performance verification for the Yukon River 
sonar echosounders 101 -039 and 102-01 9. 1998. 
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Figure 25. Time-varied gain performance verification for the Yukon River 
sonar echosounder 101 -036, 1998. 
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Figure 26. Target strength values of a 76.2 mm stainless steel sphere collected at a range of 24.5 m and shallow depth, 24.5 m range and 
1.8 m depth, and 99.5 m range and shallow depth, Yukon River sonar 10 July 1998. 



12 June 1998 22:37 

29 June 1998 15:39 

Figure 27. The dark band of echoes (top) of the reverberation band recorded early in 
the field season and the more diffuse band (bottom) recorded in late June 
on the Yukon River. 1998. 
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Figure 28. Amplitude of a reverberation band measured on 6/26/98. The zero pan (top) is 
perpendicular to current; positive degrees are upstream. The zero tilt (bottom) is 
near the surface: negative values are tilting toward the river bottom. 
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Figure 29. Threshold levels for left bank strata (top) and right bank strata (bottom), Yukon River 
sonar. 1998. 
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Figure 30. Left bank outennost zone threshold (SS) plotted against conductivity (top) and secchi 
disk values (bottom), Yukon River sonar 1998. 
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Figure 3 I .  Left bank outermost zone threshold (S5) plotted against water level (top) and water 
temperature (bottom). Yukon River sonar 1998. 
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Figure 32. Fathometer chart recorded while drifting along the right bank approximately 15 m from shore, Yukon River Sonar 1998. 
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Appendix A. Yokon Rircr sonar Ihreshold levels and sonar parameters for the l e l l  hnnh. 

Swrce ~evsl G m  Syrlem 
-13 10 6 -3 0 NBGlWBGl  

mid-r 4 211 7 214 7 216 7 221 6 2247 -169 -168 LENS pod 
mnsducer 5 211 7 2145 2186 221 3 2248 -169-169 L B O S P O ~  
ES 102 4 2224 -169-168 
ES 102 5 222.4 -169 -168 LEOS pod 

Note ES 102 xducer w4 ~muncallbrated callbrallm data erlrmeled by using ESoulpvldala ES 1024 15dB laver man ES 101 

TMeSt~ald Mar 
Ed- PD"M CI C" 96 !%e: S? 51 Sf ,-- .... BJB .,..-- ",."+ 

Tr GI Bm slpha Tx Gr 8m alpha TI Gr Bm alpha Volts (dB1 (dB) (dB) (m) Tx Gr Bm (dB) C m l r  

X ~ U M  4 
rducet 5 LEOS: 50250 m only 
xduCET4 6 5 

x d u a 4  anw: rducer 5 cables popped 

xducers pod cables bmken. 
All rlrata on xducer 4 (LENS1 
no S5 sample 

Changed S4 to NB 

Ran xd-4 6 5 altemaOng nesmwe 
Ran ducer 4 6 5 alternating 
rdvcer 5 (ES 101-039) redeployed nearrhore 

-@hl sampling bolh lranrducen. 102 ES 







Appendix C. Yukon River sonar hourly passage rate by stratum, 1998, 

Report Sonar Lefl Bank Lefl Bank Lefl Bank 

Period Date Period Right Bank Neanhore Mldshore Offshore 

* Data was estimated from left bank data. 68 
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Repolt Sonar Left Bank Lefl Bank Lefl Bank 

Period Date Period Right Bank Nearshore Midshore Offshore 
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- 
Report Sonar Lefl Bank Lefl Bank Lefl Bark 

Period Date Period Right Bank Nearshore Midshore Offshor* 
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Report Sonar Left Bank Left Bank Left Bank 

Period Dale Period Right Bank Nearshore Midshore Offshore 
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Report Sonar Left Bank Left Bank Left Balk 

Period Date Period Right Bank Nearshore Midshore Offsho~e 
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Reporl Sonar Left Bank Left Bank Left Bank 

Period Dale Period Right Bank Neanhore Midshore Offshore 
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Report Sonar Left Bank Len Bank Left Barlk 

Period Date Period Right Bank Nearshore Midshore Offshore 
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Report Sonar LeR Bank Lefl Bank Left Bank 

Period Dale Period Right Bank Neanhore Midshore Offshore 



Appendix D. Drift gillnetting catch results by day, Yukon River sonar 1998. 

Fishing 
Time Chinook Chinook Summer Fall Whitefish Cisco Other Total 

Date (minutes) >700 mm c700 mm Chum Chum Coho Pink Species Spec~es Species Catch 
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Fishing 
Time Chinook Chinook Summer Fall Whitefish Cisco Other Total 

Date (minutes) >700 mm <700 mm Chum Chum Coho Pink Species Species Species Catch 
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Fishing 
Time Chinook Chinook Summer Fall Whitefish Ciaco Other Total 

Date (minutes) ~700 mm c700 mm Chum Chum Coho Pink Species Species Species Catch 

Totals 




