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ABSTRACT

The Yukon River sonar project has provided daily passage estimates for chinook
Oncorhynchus tshawytscha, and summer and fall chum salmon 0. keta for most years sine
During this time, the project has undergone important changes, including a frequency switc from
420 kHz to 120 kHz and a change in aiming strategies from one in which the transducer was aimed
at an angle to the current to one that is aimed closer to perpendicular in order to maxim' fish
detection. Fish passage for each species was estimated in 1999 through a two component p
(l) estimation of total fish passage with 120 kHz single-beam sonar, and (2) estimation of ~cies
proportions by sampling with a series ofgillnets ofdifferent mesh sizes. An estimated 2,024
24,744 (s.e.) fish passed through the sonar sampling area between 12 June and 31 Augus
along the right bank and 74% along the left bank. Included were an estimated 183,104 ±
large chinook salmon (>655 mm long), 28,040 ±2,483 small chinook salmon (<655 mm),
±21,893 summer chum salmon, and 510,891 ± 11,886 fall chum salmon. Occasional sonar
were missed due to strong wave action. Passage estimates include estimated data from the
periods. Routine system analyses did not reveal any problems that might interfere with
Target species were not abundant in the region behind the transducer during testfishin
designed to sample this area Relationships between signal loss and hydrological
continued to be explored.

KEY WORDS: salmon, hydroacoustic, escapemen4 speclesapportionment, netselectivity
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INTRODUCTION

Comm rcial and subsistence fISheries luu"vest sWJ'nQn Oncorhynchus spp, over more than 1,600 km
oftne .ukon River in Alaska and Canada. These sahnontisheriesa.recritica1 to the way oilifeand
ccono y of people in dozens of communities along the river, in lllany instaIlc~ proViding the
largest ingle source offood and/or income toJQCairesidents.

Manag ment of these fisheries is complex and difficult due to the number, diversity, and
g hie range of fish stocks and user groups. Information upon which to base management
decisio comes from several sources, each of which has unique strengths and weaknesses.
Asse ts of abundance in tributaries obtained through aerial and foot surveys, mark·recapture,

ers, or sonar techniques provide stock-specific estimates or escapement indices. Most of
nfPrrmw',on is obtained after the majority of the fisheries have been conducted. Glinet test

fishe' near the river mouth proVide in-season indices of run-strength, but interpretation of these
data is confounded by gillnet selectivity. changes in net site cbardCteristiCS, and varying fish
migrati n routes through the multi-channel river mouth. Also. the functional relationship between
test-fis ery catches and abundance is unknown.

Hyoustic estimatesoffishpassl1$e fromthisprojectcomplernentfuformauonobtailled from
other mces. Theprojectusesnxed location.c single-beam sonartoestimated$ilyupstream passage
of fish. A series of gilInetswith differeI11trleshsizeswetedriftedthroughtheacousticsarnpliI1g
areas to.apportion the passage estimates to species. The project islQCate~atriverIon 197 near Pilot
Station,far enough upriver toavoidtbe wide, multiple channels of the Yukon River delta Because
salmon migrate from the river mouth to the·sonar~ite intvyo to ~dc\ys, ·ilie projectproVic,ies
timely •.·sb abundance ihfonnatlotr.tomllnl.lgeIS oftisberiesdoWDSt.reatnoftbe sop.arsite..There is
only on major spawning tributary (the Andreafsky River) downstream from the sonar$ite.

The Y. onRiver soJ1at·project hasprovi4ed daily passage estinlatesto .fisheries~~. for most
years.s"e 1986... The main challenges faced by the project have beento use sonart~hr1ologyto

detect shmigrating.pastthe sonar site and to develop viable methods for estimating the relative
abuncc of each species detected. The proJect has usedhydroac0ustic equipment since 199:3that
operate atalower ftequency(120 kHz) thanformerly (420kHz), andis capable ofc,ietectingJisb at
longer ges. In addition, species apportionment methodology has been streamlined, and net
selecti has been estimated mQreaccurat~ly (Flei~hmanet.al. 1995). Projectobj~tives in 1999
were to provide chUly and seaSonal passage estimates for chinook and chUtrlsalmon,estimate the
precisio .. of these estimates, and perform routine system analyses to ensure consistent data
collecti nand to provide early detection ofproblems which might arise.
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METHODS

Hydrotlcoustic.Dattl Acqllisition

Equipment

Left-bank sonar equipment included: I) a Biosonics 102 (SN 89-019) 120/420 kHz echo
configured to operate at 120 kHz; 2) an I.T.C. Model 5398 120 kHz transducer {S
configured for dual-beam use, Case I (2.0ox4.9° narrow, 4.2°x9.9° wide beam); an I.T.C.
5398 120 kHz transducer (SN 005) configured for dual-beam use, Case I (2.l°x4.9° w,
3.8°x9.7° wide beam); 3) four 304.8 m (1,000 ft) Belden Model 8412 microphone con uetor
cables (SN's 501 and 502 were used with transducer 008. and 503 and 504 were with
transducer 005) connecting sounder to transducers; 4) H.T.I. Models 401 and 403 digital chart
recorders coupled with Panasonic KXP 1624 and KXP 2624 dot matrix printers; 5) a
Hewlett-Packard Model 54501A digital storage oscilloscope. The preseason plan was use
transducer 008 to monitor fish passage from 0-350 m and to deploy transducer 005 if sign' cant
numbers of fish were observed from 0-20 m. This proved to be unnecessary since the majo 'ty of
the fish passed beyond 20 m.

Sonar equipment for the right bank (relative to a downstream perspective) of the Yukon River
included: 1) a Biosonics I Model 101 (SN 83-036) 120/420 kHz echosounder confi d to
transmit and receive at 120 kHz; 2) an International Transducer Co. (I.T.C.) Model 53 8 120
kHz transducer (SN 003) configured for dual-beam use as Case II (3.6°x9.2° narrow, 12. °x22°
wide beam); 3) two 304.8 m 0,000 ft) Carol Model 1302 microphone conductor cables (SN's
201 and 202) connecting sounder to transducer; 4) a Hydroacoustic Technology, Inc. .TJ.)
Model 401 digital chart recorder coupled with a Panasonic KXP 1624 dot matrix printer; 5) a
Hewlett-Packard Model 54501A digital storage oscilloscope.

Each sounder/transducer/cable configuration was calibrated prior to the field season (Tab
Dual-beam data were digitized, processed." andelectroni~y stored with a Biosonics Mod
echo signal processor (ESP) installed in a Compaq 386 20epersonal computer.

In addition, a complete backup system was kept. incaniP in the event.of a failure. This
systCJTl consisted of: 1) a Biosonics Model 101 (SN83-039)echosounder configured to
120 kHz; 2) an l.T.C. Model 5398 120kHz transducer (SNOO4)cof),fjglJred fordual-buse,
Case I (2.0ox4.6° narrow, 3.<1'x9.2° wide beam.)and Case II (4OX9.4° narrQw, 13°)C22.5°wide
beam); 3) two 304.8 m (l ,000ft)BeIdenMOdel 8412 microphone conductor cables (SN's ·05K
and 606K); 4) an H.T.I. Model 403 digital chart recorder; and 5)three Panasonic KXP 16 4 dot
matrix printers.

I Mention of a company's name does IlOt constitute endorsement by ADF&G.
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Trans cers were mounted on metal tripods and remotely aimed. w1th Remote Ocean Systems
(ROS) PT-25 dual-a.xis rotators. Rotator movements were controlled with a ROS PTC-l controller
with p sition feedback to the nearest 0.1° (±Q.30

). Gasoline generators (3500 W)supplied 120
VAC weI'.

We de 10yed a single traIls<iucer on the le1i(south)~and riglttbank at a point wbere the river is
approx ly I,DOOm wide (Figure!). The right bankllasastable,rockybQUcunthat drops off
steeply to the thalweg (Figure 2) with a verticalangleof8.7o .calculated iroma depthof22.9mata
range f 150 m. We positioned the right-bank transducer 5..lOm from shon;,adjusting the aim
betwee two strata (0-60m) and (60-135 m)to position the beam as close to the river bottom as
possibl for each sample.

The Ie -bank river bOttom drops offgradually with a vertical angle of2.3°, calculated frqm.a<iepth
of 11.9 m at 300 m, with aslightly sreeperslope .nearshore, 4.20 calculatedfrom a depth of.l.7 m .at
50 m igure 3). A single transducer was deployed. nearshore approximately 10 ttl froltl shore
utilizin three aims to ~ple a nearshore stratum (0·50 m),a mid$horestratum(5047S m),andan
offsho stratum (175-350 m). Occasionally,during periodsofhighsignalloss,thestrataranges
were c ged to (O-SOm), (50450 m)and (150-350 m)inaneff'orttomore.accurately compensate
for the loss at those rat).ges.Thetransducerwasreposition~ frequently to compensate for the
dynami water level.

ustic sampling stratum was subdivided into five equal range sectors. Sample data were
tallied sector in IS-minute intervals during daily sampling periods from 0530 to 0830, 1330 to
1630, a d 2130 to 0030 alternating every ~ hour between strata.

ted echoes as fish if at .least one ping in the cluster passedtheseconq printer threshold
Equipme.nt Settings. Threshold$, Data Storage) and the targets did notresemole inert

downs am objects. Multiple fish tracings were marked if there was a discontinuity in the tracing
and the second mark indicated n1ovem$1tin a direction different frOm the first. Fish tracings were
tallied .n field data forms, then entered into an R:Base <;latabase. 'I'hedata·werechecked daily for
data en .,' or tallying errors, then processed using commercial statistical data processing (SAS)
so

All onnel were trained to distinguish between fish tracings. and non~target echoes. Chart
pnntou' were reviewed daily by either tbe project leader or crew leader to check the accuracy of
the m. ked fish tracings and reduce in<iividual biases. Each •chart iImi\ge was checked for
indicati ns of signal loss and changes in bottom reverberation Ii:1atklngs which might indicate
either a ovement ofthe transducer or a change in bottom structure.
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We sampled continuously for 24 hours on 26 June, 11 and 24 July, and 8 arm21 Augustto e imate
uncertainty associated with the normal sonar sampling schedule. Sampling was divided ong
sampling strata in proportions consistent with the regular sampling sehedule.

Equipment Settings, Threshold$, Data Storage

We used a 40 10g(R) time-varied gain (!VG), a 5 kHz bandwidth, and 0.4 rns transmit pulse
duration during all sampling activities. Initially, the left.bankechosounder's TVG r was
configured for use from 25 to 250m. This. was ehanged on 30 June tQ.a 5. to 500 rn to
provide TVG wnplifieatiQn over the entire sampling range. Pulse repetition rates were set elow
the maximum allowed byrangetQ avoidovedc>adingprinter buffers. .. On the left b , the
nearshore strata transmit interVal$wcre set to 0.3 S, the midshQrestrafli was set •8;t 0.4 S d the
offshore strata was set at 0.5 s. Thetransmitinterval for thetightbimkoffih.orestra~.wassetat
0.4 s and the nearshore strata was initiaUysetatO.3s, butwas later changed to 0.4 s to p event
overloading the printer buffer.

AU sampling was conduL1ed using elliptical dual beam transducers operating in single beam
mode. On the right bank, the wide beam (l2.3l)x22~ was used exclusively. On the left the
nearshore region was sampled using the wide beam (4.2l)x9.~, while the midshore and 0 hore
regions were sampled with the narrow beam (2.0ox4.9°).

Echoes were digitized bychfro.recQtders, •then printed .onwigecarriage,.continuous"feea Paper
using dot matrix printers. Charts were archived, and a small PQrtion ofthe data were taped •• ing a
Sony Betamax $ys~em in conjunction with a Biosonics Model 171 chart recorder interface. Four

f

printer thresholdscorresPQndingto degrees of~y-line were set for all strata in. approximatel .••3 dB
increments. Initially. the lowest sampling threshold, set at-42 dB~ wasliPproximately IldB ower
than the theoretical on"axis target strengthofa chumsalmonofrninitnal length (450 ),
calculated using Lgve'sequation(Love, 1(77). LOwering tl1ethre$holdby n· dB· aIlo for
detectiortaerossthe nominal beam width. (6 dB) and solt1evariability(....S dB) iilducedb .fish
aspect and noise corruption. Left bank thresholds were adJusted•frequently. tocompens e for
enwonmentallyinduced signaUoss by red'UCing the; thre$llold to alevelwhere bottomretl,tions
were again detectable across the strata's range (Appendix A). On the right bank,themajoty of
sampling was conducted at a thresholdof-40 to -43 dB. On occasion, this threshold was rai to
eliminate unwanted noise, or lowered to compensate for loss associated with wave etlon
(Appendix B). Threshold levels (in mY) were recorded arm converted to target strength, 1: ,as
follows:

(I)

where
TmV= chart recorder threshold in mY,
SL = transmitted source level in dB.
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Os = through-system gain,
OR = receiver gain.

Aimin

The sducer \\'as always aimed to maximize fish detection. Horizontally, the beam was
orie along the best bottom profile approximately perpendicular to fish movement so the
majori of fish would presertt the largest possible reflective surface. Since most fish travel close

ubstrate, the maximum response. artgle of the beam was oriented along theriverbpttom
as much of the range as possible.

Fluctll •• ting water level required frequent repositiori,ing and . subsequent re..amung of the
transd . er beam. The left-bank transducers were re-ai1l)¢4 more often to eompensate for the
dynam bottom conditions on tbat side of the river. R.otator settings for each new aim were
docum·ntedand chart printou1s of the new aim were markedartddated. Because rotator position
display' are only accurate to about 0.3 degrees, returning to the same rgtatorsettings· did not
guarane a return to the same aim, All personnel were trained to first reairn toestahlishedpan
and tilt settings, then refine that aim to match bottom.striations on tbecurrentchart printout with
those f displayed chart samples when changing betweensamplirtg strata, and to notify a
superv' or ifan acceptably close chart image match could not be re-established.

The hy oacoustic system was routinely analyzed following procedures first.established in 1995
(Maxw II et aI., 1997). System analyses included equipment performance checks, bgttom proflles
using d wn-looking sonar, transe¢ts thr()ugh tUlsantpledregions of the riverusingdowu-looking
sonar, ydrologic measurements, and driftgillnetting both behind the transducer and over the
sandb in the middle of the river to test for target species outside ofthe counting range.

fI.vdroa oustic Equipment Checks
We m ured the transmitter output through a 50 ohm load periodically during the field season
and co pared our results to values obtained from pre-season calibrations, Twice a month we
checke the TVO circuitry of both echosounders by measuring the voltages of internally
generat d calibration signals amplified by the 40 log (R) TVO circuitry at four ranges (25 m, 50
m, 100 m, and 250 m), We calculated and compared the theoretical voltage at I musing
meas d voltage and range values.

I

1'0 veri~..y that the sonar system was operating normally, we used a Biosonics Model 281 dual­
hearne ho signal processor (ESP) to measure the in situ target strength ofa 76.2 mm stainless
steel sp .ere. The target wa." suspended from the side of a skiff anchored offshore. We aimed the

I
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beam at the suspended target, ma.ximizing the echo ampIitU;ge in both the horizontal and v rtical
planes. During data collection, signals were filtered for bandwidth (5 kHz), and half-am litude
pulse width (0.36-0.52 ms). The minimumtbreshold was set just above the noise floor. arget
data were imported into an Excel spread~heet for analysis. 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 calibratio tone
through the digital chart recorder to the printer where signal amplitudes sllrpassin four
incremental thresholds were displayed as different gray levels. Chart recorder range
measurements were compared with corresponding osciUosC()petime m.easurements a each
threshold amplitude.

Transducer cables were tested for transmission loss by transmitting a I VAC signal throu the
cable and measuring the resulting voltage. This wa:; later modified to transrnittingtro the
echosounder (at each possible pow-er s.etting) through the cable and lIleasuring the sig,tal tough
a 50 ohm load inserted into the end of the cable. This allowed Us to test transmission loss using
typical sampling signal levels.

Bottom Profiles
Bottom profiles were recorded along both banks using a Lowrance X-15 fathometer (192 kHz)
with a 20 degree conical beam to locate deploynlent sites wltbsuitable linear bottom pc files.
Inseason, the fathometer was used regularly to monitor changing bottom conditions and to tch
for the formation of sandbars capable of re-toutingfish to unensollifiedareas. We ere ted a
bathymetric map of the sampling area (Figure 4) d~ring the season to document ttom
conditions and sandbar formation.

Down-lookingSonar Drifts
Following procedures established in 1998 (Maxwell, 20(0)~ a down-Ioolcingsonl.if syste
drifted weekly, close to shore on both the right. and left banks .. aOO rnid..nver in an. attempt to
the passage offish outside oithe counting area. In 1998, 1he tnid-nver·drift wasovet the th weg.
In 1999, we drifted further upstream over the mid-river sant;ibafbecause we suspected that . fish
altered their route this would be the most likely corridor ofmigration. The fish. passage ra per
square meter was calculated and compared among the three zones.

Hydrologic Measuremenls
Hydrological measurements were recorded daily. Water level was measured using a staff
located offshore from the field camp. The water level measurem..ents were adjusted to the nited
States Geological Survey Water Resources Division reference located approximately 5 0 m
downstream of Pilot Station to allow comparison of water levels from previous ears.
Conductivity, air and water temperature, andsecchi disk measurements were conected daily
offshore along both banks. Dr. Kazuhisa Chikita of Japan's Hokkaido University provided h·.urly
turbidity data collected at Pilot Station from 5 June through 29 August, 1999.

7
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I
I Specie.s Composition Data AcquisiJiQh

EqDip~t and PrO<edores

I
Gillnet were drifted ill three zones (right bank, left-bankn¢arshore, and left-bank offshore) within
COrtes nding sonar sampling areas to estimate species composition. Eight mesh sizes were fished
to efte ively capture all size classes offish present and detectable by the hydroacol)Stic::.equipment.
During the summer season (prior to 19July), gillnets of meshsi,zes 216 mm (8.5 in), 43 meshes
deep ( . D); 191 mm (7.5 in), 48 MD; 165 mm (6.5 in), 5S MD; 133 mm (5.25 in), 69 MD; 102
rnrn (4'n), 90 MD; and 70 mm (2.75 in), 131 MD, were used. The 216mm(8.5 in) and 133 mm
(5.25 . ). were <lisc::ontinueds~ 19 July. At this timethetbUowing nets were'l(ided, 146rnm
(5.75 ' ), 63 MD and 127 rnrn (5.0 in). 72 MD. All lletswere 45.7 m (25 fa-thorns, 52.5 stretch
fathom·) long and 7.6 m (25 ft) deep. Nets were constructed ofMomoiMTC-50·or MT-50, shade
11 or 3 double knot multifiIarnentnyipn twine and hung using a 2:1 hanging ratio..

Gilln g took plac::e betw'een sonar periods twice daily from 0915 to 1215 and 1715 to 2015.
During each gillnet sampling period four nets were drifted within each of three zones, one on the
right and two on the left bank, fora tatalof24 drif'tsper day. The. shoreward end of the left-
bank shore drift "vas approximately 5 to 10 m from shot'e. The left-bank offshore. drift
ongma d further offshore (approximately 70 m) so as 110ttooverla.pwith the nearshore drift. All
drifts .'th one net were comlll~ted before switching to the next net. The two left-bank.drifts. with. a
given n t were not done consecutively (i.e., drifts were done on aJternatehanks: left-right-Ieft), so
thatthe e was a minimum of20 minutes hetweenthe drifts on the same bank.

Four ti. es were recorded to the nearest second onto field data sheets for each drift: net start out
(SO), n· t full out (FO), net start in (81), and net full in (FI). Fishingtime(t), in minutes, for each
drift w approximated as

-C'1 FO FO-SO FI-SI
!-,) - + + .

2 2
(2)

Drifts 4.ere generally eight minutes in d.uration, but were shortened when necessary to avoid snags
and limit catches during times of high fish passage.

Captu fish were identified to species and measured to the nearest 5 mm length. Salmon species
were masured from mid-eye to fork of tail; non-salmon species were measured from snout to fork
of taiL ish species, length and sex were entered onto field data sheets. Each drift record included
the dar. fishing time, sampling period, mesh size, length of net, and captain's initials. Scale
sample' were collected from chinook salmon, mounted on scale cards. and referenced to test­
fishing ata sheets. Data were transferred from field data sheets into an R:Base database and
process d using SA8 software. Scale data will be processed and reported separately.
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Prior to 1999, any chinook salmon that was less than 700 rom in length was called a "jack'. This
length was originally calculated as the average length of a chinook salmon under 10 lbs Tracy
Lingnau, ADF&G, Anchorage, personal communication). In 1999, this length was change when
analysis of age and length data collected from 1993 through 1998 produced an average len of
655 nun separating four and five year old chinook salmon (Ta.ble 11).

Genetic sampling ofchum salmon occurred from 5 July through 1 A.ugust. Captured chum IInon
were marked using numbered floy tags to allow association of age, sex, length andgeneti data,
Thirty fish were selected at random following each fishing period. On days in which 0 y one
fishing period occurred, 60 fish were sampledfrol11 that period. Heart, liver and muscle'ssues
were extracted from the selected chum salmon, placed in numbered cryorubes, then frozen in liquid
nitrogen. AnalySis of these data will be done bythe ADF&G geneticshlbora.tory.

Captured fish were distributed to local villagers or sold to local proeessors whenever possibI . Fish
dispersal wa..')documented daily.

Species Proportions

Species proportions were estimated from relative gillnet sampHrigcatch..per-unit-effort ( PUE)
data, after first adjusting for gillnet size-selectivity. Separate giltnet selectivity curves (M well,
2000) were used for chinook salmon, summer run chum salmon, fall run chum salmon, coho
salmon (0. kisutch), pink salmo.n (0. gorouscha), whitefish.(Coregonusspp.), cisco (C. sardella,
C. lauret/(Je), and a combined group ofall other species.

Analytical Metllods

Fish Passage

Daily fish passage was estimated by summing the counts over a.ll sectors, converting this nUffier to
an hourly passage rate, averaging the pw;sage rate from each samplingperiod,andexpandi g the
final count temporally to obtain the daily estimate. Total daily pa,ssage was estiInated separate y for
each zone. Zone 1 consisted ofthe entire counting range on the rightbank,cottesponding to ta 1
and 2. Zone 2 consisted of the counting range from 0 to 50 m on the left b~correspond to
stratum 3. Zone 3 consisted of the counting range from 50 to 350 m, corresponding to strata and
5.

Total fish LV) passing through stratum s of zone z during sample q of sonarperiodp of day
calculated by swnming net upstream targets over all sectors c,
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Ydip'lf =L YtizPSifl.~ .
<:

(3)

The e rate ( r ) in fish per hour, for .stratums of zone z during sonarperi04p orelay d, was
compu das:

l>d:~
r rkps = ...,.,'1'---

L~
q

(4)

is the duration, in hours, ofsample q ofsonar periodp ofday d for stratum s ofzone z.
r -,..- __ge rate for zone z during sonar period p of day d was computed· as the sum of passage

strata associated with each zone,

rdip =LrdiP~ •
$

Theeratefor zone z during .day d was estimated by the average sonar periodipassage rate,

(5)

(6)

wheI'¢·Sdz is the number ofsonar periods during·daydon zone z.• FinaDy, the total· passage offish
inzone .dJ.lring daydwas estimated as

(7)

SQnar .. pIing periOds, each three hours 1JlduratiOll, were spaced atregular(systematic) intervals
of eigh hours. Treating the systematicaUysampled sonar counts as a .simplerandom .saI\1ple would
yield over-estimate the variance of the t9tal.siJ,1ce SOnar COUJ:lts were highly ~u.1tocortelated

(Wol 19&5). To accommodate these dattt characteristics. a variance·estimator based on the
squared. differences of successive observations, recommended by.Branniali (1986) and modified
from Iter (1985), was employed;

(8)

wherej.; denotes the first~stagesampling fraction, 8 hrs/24 hrs= 0.33.
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Missing Data
Equipmentmatfunctions and other unoontroUableeventsoccasionallyresultin missing. so
When individualsubsatnples within a. sonar period were missed, fish .passage w~ estirnatJ
on existing subsamples for tha.t period. If a. p<:>rtion pf a.8\lbsanwle .\VtiS mjssed,pshpas
estimated :from the remaining sample provided the sample contmnedat letiStfive of the
minutes. Data. mi~ingfromasingle stfatum for an entire perioo or more wasestimated:fro
obtained from period(s)sampledduringthe$alUe day.

Species Compos~tion

The catch (c) of species i and length I during drift j of mesh m during gillnet sampling peri fin
zone z on day d was first adjusted for gillnet selectivity (s) of species i and length l in m h m.
Adjusted catch (a) was calculated as

_ Cild;fll"
QJld:Jmj ---- •

Si/m

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

(9)

Total effort (e), in fathom-hours, ofdriftj with mesh size m during gHInet sampling periodr zone
z on day d was calculated as

(10)

since all nets were 45.7 m (25 fathoms) long. CPUE (C) for length I of species i in drifts olflme~lh

m during gillnet sampling period f in zone z on day d was computed as the total adjusted tch
divided by total effort,

LQilJ.iIllJ

C - j'tki;jin - -"---

Let/ifm;
j

The mean CPUE across meshes havingnon-wo CPUEwascomputed,.I.e.,

11

(11)
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where ...•. lildzf is the number ofmeshes havingadJustedcatchesoflengm I of~pecie$ i greater than 0
during test~fi$h periodfofday din zone z. The total CPUEforspeciesi was computed by summing
over lengths,

(13)

portion (p) of species i during test-fishing periodfin zone z on day d was then estimated
atio of the sum of the mean CPUE of aU lengths of species i having non~zero CPUE to
ofthe same quantity summed over all species, Le.,

(14)

Forzo z onda.y d,theproportionof speciesiwasestlmatedas

(15)

which equivalent to fue mean of the two test~ftshing perlodpropomons,wetglt.ted by the total
CPUE rall.s~ies in each test-fishillgperi()(\.

The est mator ofthe variance ofPid:: was adapted from Cochran (1977:64), weighting each replicate
by total (an species) CPUE;

2

( Pt<i:r:f;'dz/
nTr!: -1

(16)

where:
= number ofgiHnet sampling periods in zone z during day d.

age by Species

e ofspecies i in zone z during day d was estimated. by

(17)
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FinaUy~ passage estimates were summed overall zones and all daysle obtain a sea8ona1·e .• ate
for s~ies y,~

(18)

Except for thetitning of sonar and giUnetsamplingperio<Uh SOnat-derived estimates·oftofish
passage wereindependertt of gilln.ct-derived estiInatesof species proportions. thereft the
variance oftheir product (daily species.~.estirnates >'itb:) was estitnatedastbe vaP~()fthe
product of twoindependem random variables .(Goodman, .. 1960),

(19)

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

(20)

Assuming nonnally distributed errors,. 90% confidence intervals were calculated as

y, ±1.645JVar(Y,). (21)

SAS. program code (MaxweU· and HUUUnen, 1998)·was·.usedtoca1culatepa$Sage¢$ti and
estimates ofvariance.

Missing Data
Equipment malfunctions and commercial fishery openings occasionally conflict with .
sampling. When insufficient giltnet sampling data is available for a given day, the data are
with data from an adjacent day with adequate data, and the pooled data are then applied
corresponding days ofsonar passage estimates.

RESULTS

The Yukon River sonar project operated from 12 June through.31 August in 1m. Periods o high
water appeared to cause range-dependent signal loss. We·believe we were· able to com for
the range-dependent signal· loss through chtmges in transmit levels, gain settings, abso .lion
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nsation and digital chart recorder thresholds (Figures 5 and 6). Infrequently, sonar data were
'nable due to wave action which caused the signal to fadein periodic.intervals. The missing

data ere estimated by averaging the hourly passage rates for sonar data collected during periods
before and after the missing period(s). Passage estimates were transmitted to fishery managers in
Emm nak daily.

Test-Fishing

A tota of6,818 fish were captured during 1,945 drifts totaling 13,309 minutes. The catch cOllSisted
of2,87 swnmerchwnsalmoll, 1,800 fallchum salmon. 459 large chinooksalmon(655 mmlength
or gre rer), 80 ')ack" chinook salmon, 584coho.saImon, 7 pinksalmoll, 398 whitefish, 442 cisco,
and l1fish of other species (Tables 2 and 3). Gillnet sampling was not conducted during
sched .ed Y2 commercial fishery openings (25 June and 28 June,2 July and5 July, and 3,Sand 11
Aug ) to avoid disruptingcQmmercialflshing activities. On commercial flshingdays, the entire
suite f gillnets was drifted during one extended period. Data.frQm missed or partial siUnet
sampli periods were pooled with those from an adjacent day to estimate species proportions.
Whene.day's total capture in a single zone was less than·fotlr, the reporting period was extended
by incl ding data from an adjacent day whose data (both passage roteC:lnd species composition)
appe d most similar. In1999, reporting periods longer than one day were used on 13 occasions.

Hydroacoustk Estimates

Anesti ated 2,024,366 ±24,744 (s.e.) fish passed through the sonar beams during the 1999 field
season; 534.941 ±8,345 (26 'Yo) .alongthe rightbank, 974,305 ±20,722(48 %)alongthe left bank
nearsh , and 515,120 ±10,637 (26 %) along the left bank midghore.andoffshore. Tables 4 andS
proy! daily records of passage estimates by zone, standard errors, and the total passage
coeffici nts of variation.

almon were the most abundant species during both summer and fall seasons (Figure 7).
almon passage estimates totaled 1,456,772 with· 945,881 ±21,893 pasSing the sonar site

during e summer season from 12 June through 18 July and 510,891 ± 11,886 passing during the
fall sea on from 19 July through 31 August (Table 6). The SUIl1mer chum. salmon nul was
domina cd by a period ofhigh passage from 24 June through 6 July, While the fall chum salmon run
consist of five significant pulses distributed throughout the season. Chinook salmon passage
estimat S were composed of 183,104± 10,933 fIsh greater than 655 rom in length, and 28,040 ±
2,483 .. acks" shorter than 655 mm. Coho salmon passage estimates reached 94,532 ± 4,812,
althou this estimate likely does not include the entire run. Other species, totaling 261.918 ±
12,738 ish, included pink salmon, cisco, whitefish, inconnu (Stenodus leucichthys), burbot (Lota
Iota), s cker (Catostomus ca!ostomus), Dolly Varden (Salvelinus rnalrna), sockeye salmon
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(Oncorhynchus nerka), and northern pike (Esox lucius). Daily passage estimates by species for the
summer and fall seasons are listed in Tables 7 and 8.

Passage estimates for both chum and coho salmon were lower than those from 1997 and 19 5, but
higher than 1998 estimates. Chinook salmon estimates were only slightly lower than those 0 tained
1997 and 1995, but much higher than 1998 (Figures 8 and 9). The summer chumsaltnon run started
at about the same time. as in 1998 with 25% ofthe 1999 run occurring by 25 June, about fi e days
later than the 1997 and 1995 runs (both 20 June). About 75% oHhe 1999 run passed thrqu by 4
July, compared to 9 July 1998,5 July 1997 and 3 JuIy 1995. Twenty-five percent oithe fall·. ason
chum salmon run passed the sonar site by 24 July, earlier than in 1998, 1997 and 1995, ·th the
majority ofthe run (75%) passing by 16 August, 1999 (Figure 10).

As in 1998, the 1999 chinook salmon run timing was late, with 25% oithe passage oceurrin by 25
June compared to 12 June, 1997 and 14 June, 1995 (Figure 11). The majority of the c'nook
salmon (75%) passed the sonar site by 4 July, about the same fitness in 1998(6 JuIy) but lat r than
in 1997 (24 June) and 1995 (27 June). The last chinooksaImdncapfuted in 1999 wason 24
August.

Seasonal passage estimates and CPUE for both sutnmer and fall seasons were signi cantly
correlated (Figures 12 and 13). The correlation coefficients for the sUmmer season were R
fbr right bank, R=O.858 fbr left bank n~hore and R=O.154 for left bankofIshore, eat

p<O.OOO1. For the faU season the·correlation coefficients .were R=O.728 Jor rlght bank, R==O..
left bank nearshore, and R=O.675 for left bank offsho.te, again each With p<O.OOOl.

The summer and fall passage was plotted as a percentage in 20 mrange increments by b and
season tor 1995 through 1999 to illustrate the horizontal distribution. offish in thesampJin area
(Figures 14 and 15). Passage levels declined sharply.as a function of the distance offsbore. n the
left bank, 90% of the detected passage during the 1999 summf;t and faUseasons occurred 'thin
110 m frornthe transducer compared to 130 min 1998, 150m in 1997, andJ90m in 1995. n the
right-bank, 90% of the detected passage occurred within 70· m .of the right-banktransducet uring
each ofthose years.

System Analyses

Passage estimates based on five 24-hour sampling periods were 0.13% smaller than routin nine
hour sampling during these same days (Table 9). Individual days varied from 14.52% fewe fish
estimated during the 24-four hour sampling on 21 August to 4.21% more fish estimated on 26 une.
The only day in which a 24-four hour estimate was outside of the 90% confidence interval fa 9
hour estimate was on 21 August.

Bottom profiles conducted along the left and right banks at the transducer locations re aled
smoothly sloping areas suitable for sonar deployment (Figures 2 and 3). The side-edge of the mid-
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river M dbar, labeled in Figure 3, begins near the end of left bank's e~onified.n.'lnge (350 m). No
change were noted in the steeply sloping, rocky bottom along the right bank dllring the field
season The sandy, gently sloping left-bank bottom remained smooth and linear during the season
within he sampling range.

dbars, observed in prior field seasons (Maxwell etal., 1997;. Maxwell and Huttuncn, 1998),
detected in 1999. The Atchuelinguk Bar (Figure 4) extended dpwostreamalong the right

bank m the confluence of the Atchuelinguk and Yukon Rivers to slightly downstream of the
First Sf ugh entrance, well upstream ofthe sampling area. The mid-river sandbar cxtended from the
river nd downstream past the left-bank sampling area approacllmg towi(hin2S0 m of the rigllt
bank's· mpling area. Both sandbars were closely monitored throughout the field season. Fishing
over mid-river sandbar produced a total of 60 chum salmon, 9 chinook salmon and 2 non­
salmon during 26 hours ofdrifting (52 drifts).

A total·. f33 drifts using the down-looking. sonar were conducted during the 1999 field season. Of
these ifts, 11 were nearshore parallel to each bank, 10 were over the mid-river sandbar and was 1
down t ·eriver's main channel. The results of these drifts were inconclusive due to uncertainties
associaed with samplillgand the non-scientificechosounder used for this purpose.

on River wa.ter level was falling when we arrived atthePi!ot Station field camp. Water
'cd considerably throUghout the season (Fie,TUre 16) with l()cal m~imaoCcurriIlgon 2 July

(6.42 .' 13 August (5.50 01) and 26August(5,73 m)andlocalminima occumngoIl18 June (5.62
m), 26uly (4.57 m) and 19 A~gust (5.37 m). Compared with previous years (1995. through 1998),
the tim·g of the relative peaks and valleys were most similar to 1997, although the actual water
levels.ere often different.

Conducivity rose slowly.during the field.~ason (Figure 17) tallgffig from 119-230 J.lS offshore of
the left ibank and 81 ~ 220 J.lS off the rightbl:lllk. D~ly tluetua.tio~ intiglit bankc()ndu<ztivity
meas s appear to be more a result of sampling location. rather then .• temparal differences. Right
and left bank conductivity measures had a higher correlation this year (R::;:Q.83) compared.to 1998
(R=0.7 ) but were less correlated than in 1997 (R=0.94). Unlike 1998, a compari$ouofwater level
and co uctivity demonstrated no significant relationship for either bank. Offshore from the lett
hank, s chi disk measurements varied from 4 to 38 em below the surfacevvithan average visibility
of 12 c . Secchi disk visibility ranged from 4 to 53 em off the right bank with an average visibility
of 15 CI . Right bank sedchi disk visibiJityremained higher throl,1ghout moSt of the field season
compard to left bank (Figure 18). Daily water temperatures ranged from 11 to 21°C and averaged
17°C ( igure 19).

transmitter output measurements from the project's echosounders showed little deviation
0.8 dB) from pre-season values (Figure 20). The maximum difference between. TVG

measur ents throughout the season, at a given range, was 0.54 dB for the left bank and 2.5 dB for
the righ·· bank echosounders (Figure 21).

Ch~ Jorder ttm;shold analyses for the left hank echosounder 102-89-019 showed a minimum
dlfferen4e of -0.2' dB and a maxlmtun of 0.48 dB between range measurements made on the

I
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oscilloscope and on the digital chart recorder. The right bank echo$ounder 101-83-036 disp
minimum difference of....(}.75 dB and a maximum of0.28 dB.

Signal loss through the left bank cables averaged 0.61 dB on 28 July, the only tim
measurements were made on this bank. On the right bank the cables were tested on 28 Jul
and 9 August. Cable 202 on the right bank was broken and subsequently repaired on 5
requiring additional testing to measure any transmission differencestln'ough the splice. On
signal loss averaged 0.57 dB, on 5 August it averaged 1.49 dB (after the repair) Wld on 9 A ust it
averaged 0.86 dB. Prior to 9 August signal loss was calculated by measuring the loss of a 1 volt
signal applied to the cable, after this date it was calculated by comparing the echosounder ou .ut at
the back of the echosounder to the output at the transducer end of the cable. Thus, the 9 ugust
measurements may not be directly comparable toearliertneasuremertts dUe to the large . renee
in applied voltage.

Dual beam target strength estimates using a 3" (76.2 mm)stairtless steel sphere were colleced on
the left bank on four separate occasions; Tand 13 July, and 12 and 22 August. The da-taco leered
on 7 July contains too much bottom reverberation in the vicinity ofthe target to be useful. 0 both
12 and 22 August, the dual beam setup was improperly configured ..making those data unu ble.
The data collected on 13 July was obtainedwith a correc~~y confjgured.$ystem and did notcntain
bottom reverberation, making analysis on those data possible. A total of four files were colle ted at
ranges of26.4, 16.9. 19.8 and 19.9 mwith the target suspended at roughly the same distance ove
the bottom in each case. Mean target strength values were -295" ..23.9,..,33.6I;U1d -37.6dBrthe
four files (Table 10). The differences between the upper and lower 900!ll values were 11.5,6. ,13.4
and 11.8 dB for the data sets. Jothe second file 0.2% of the echoes were oVer axiswhilethother
three files contained an excess of 42% over-axis echoes. N() attempt was made atcorrectin over
axis echoes nor were they eliminated from the analysis.

A reverberation bandappeat'ed •. briefly in the left bank nearshore strata this. season but,
previous years, it did not appear to affect our ability to detect fish (Maxwellartd Hutfunen,
Maxwell, 2000).

As in 1998, range-dependent signal loss was observed on left bank dUring the 1999 field' ·on.
Signal loss was detected by the decrease in signal amplitude reflected from the bottom sttu ture.
The majority of the signal loss was detected at ranges greater than 150 m. There ··was no ap ent
range-dependent signal loss observed on the right bank, hoWever, the maxhnurnrange on rigb bank
was less than ISO m. ComparisonS were made between the thresholdllSedin the outermost s ta to
the daily hydrological measurements collected at the site in an attempt to determine apo sible
explanation for the signal loss. Three measurements in particular displayed high correlatio with
the threshold used: Conductivity, adjusted for temperature, had a coefficient of determinatio (R2)
of 0.6076, natural log of the secchi depth had an R2 of 0.1994, and turbidity (hourly me ures
averaged over a day) had an R2 of 0.8484 (Figures 22 through 24). These resultc; suggest at a
relationship exists between water composition and signal loss, but any conclusions ate confo nded
by the presence of autocorrelation in the regression residuals (Durbin Watson d= 0.92, 1. and
0.99 with n=71, 79 and 78 respectively).
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We d ided to pursue the relationship between signal loss andtw;bi<iityfurilier due to the relatively
high c rrelation between these variables. Utilization ofthe Coclmme"Orcutt m.ethod resulted in a
newel with an R2 of 0.8171 (Ncter et. a1. 1990). This is slightly lower than the previous linear
model but the Durbin Watson statistic in this case shows no evidence of autocorrelation at a=O.05
(d=1.7 ,n=77). The new model is:

3.64Q-O.020308x" +0.512811 _1 , (22)

where .YI1 is the forecasted signal loss at time n, x" is the turbidity at time nand e ll....l is the residual

at tim •n-l calculated as
n-I - (- 43.646 - 0.020308x,H)· (23)

Bank t bank cross-talk was observed for the first time at the Yukon River sonar. projectthis past
season (Figure 25). The diagonal line observed on the right bank cWut-recorderoutputwas verined
as ero •-talk by disabling the echosounder on the left bank. ·The Iinedisappeare<i. then·resumed
when left. bankechosPunder was re-enabled. The cross~ta1k occ~ early in the $ea$On when
the tur idity was relatively low, and seemed to disap~ as the suspended sediment load increased.

DISCUSSION

Yukon .vcr sonar passage estimfl,tes for 1999were not in strongagreemen~ with manY of the other
salmon (iSsessmellt projects in. the drainage. This.past season sonaresuIl1ates. ~peatedhigh relative
to .mo other indicators. One· would suspect that. if anything, SOtl~ estin1ates would tend to. be
conse tive, and there is no satisfactory explanation for the disagreement arn<;mg ~undance

indicat.rs. Th~are problyms associated with trying todeterl11ine. theatcuracyof the sonar counts
using·o. er abundanceestim.a.~()rs; one ofWhich is the factthatnota.llpossibles~~ng tributaries
(includ' g mainstem) are monitored. Another difficulty is that the estimates used to .ground troth
the so abundance estimates have their own sources of error and Wica.lly do not have measures
which low calculation of vl;lriance. Sfi,11 another problem associated with these comparisons is
that 0 ations at the Yukon River sonar project have been modified fromyeartQ year (utilization
of di beam widths for exanlple) in an attempt to more·a<:curately.asse$S passage (increase
detecta .. ). Over time, these mQdificatiQns may introduce. biases in the yearly comparisons of
sonar tes to other abundance estimates. The exact effects of these modifications and their
relation hip to historic data are.not fully understood.

CPUE~.d passage estimates correlated. well in aU strata during both the stunmer and fall seasons
(Figure. 12 and. 13). Overall the relationships in 1999 were as good as or better than those
observ'~ in 1995, 1997 or 1998.

The ho zontal distribution of fish detected on the left bank was closer to shore than in previous
years ( res 14 and 15). Horizontal distribution is probably due to a combination of factors such
as fish ssage rate, species composition and water level. Although fish passage was a bit higher in
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1999 compared to 1998, the water level Was considerably lower throughout most of 199 . Both
1997 and 1995 had higher fish passage than 1999, but the water level information is more ffieult
to discern. In 1997 the water level followed a similar trend to 1999, although the chang
generally larger in tnagnitudeand in 1995 the data are incomplete. Inaddition,.startin~in 1
project began utilizing a wider beam nearshore to count fish. This may have increasedne hore
detectability and could explain some ofthe differences observed when c:dm~ariI1g the 198and
1999 distributions to the distributions observed in 1995 and 1997. The horizontal distribuon on
the right bank was very similar to the distributions for 1997 and 1995 dt).ring both the s er and
fall seasons. The sharp decline in fish passage with increasing range suggests that mostfi pass
within the ensonified range. Although detectability is also a function of range andmayacco t for
some ofthe decline, we believe the vast majority of all salmon Pass throu$h·the.¢nsonified .gions
of the river. A precise measure of si~al loss is currently difficult to ascertain due to th high
variability associated with target strength measurements.

The 24-hour sonar estimates compared favorably with the normal nine hour estimates. Of e five
days in which 24-hour samples were collecteG4. the 24-hourestimates werehigheton~da is and
lower on two. Based on this small sample .size, it appears that the normal sampling rOll 'neis
adequate to assess fish passage at this site. Also, comparisons madein previous years have elded
similar observations (Maxwell, 2000; Maxwell and Huttunen, 1998; MaxweHetal., 1997).

Right bank bottom. profiles were similar to prior years \\lith little or no .ch~$e througho t the
season. On the left bank, the profile at the sampling site remained lineartbroughout th field
season. Suitable profiles for Sonar assessment were found on both sides ofthe rivet.

Two sandbars observed itlpa8t years were present this field season. The Atchuelinguk' dbar
remained far upstream of the saInplingregion. DO'WIlwardprogtessiPll ofthis.sandbar is u •likely
due to its proximity to· the cutbank on the·· YUkon River and the confluenCe of lilt. Slough dthe
YUkon River dovvnstreamofthe bar. The mid-river SlU'ldbarhas continued to progress down
since the 1997 field season. In 1999,.the side-edge ofthe saI1dbarwascbatted350moffsho
the left bank transducer (compared· to 500 m in. 1998). The mOst downstream e'¢tensiort
sandbar was observed slightly up~'tream of the right bank transducer (in 1998 ·the ·sandb
roughly 200 m upstream) at a depth ofabout 13.7 m (45 ft). The upper portion ofthe.bar was Ished
daily during th.c 1999SUlllttler season and every other day during the fall season~ The num
fish caught over the bar was small compared to the normal apportionmentdrlfts.

It is difficult to determine the pathway fish might travel to approacllthis sandbar, or the de
which they use it. The upper reaches of the sandbar ate more than 1,OOOm upstream fromth right
bank transducer. It is possible that fish approach the sandbar from the right bank wen after
swimming past the transducer. As the fish on this side of the rivermigmte· upstreaIn, they the
edge of the Atcheulinguk sandbar. Below. this sandbar a c1iffdrops offvery sharply to the weg
(Figure 4). This would appear to be one possible location for fish to cross the narrow thalwe over
to the sandbar. However, this is only speculation since we are unable to plot fish mov ment
upstream from the site. If fish are traveling offshore to the sandbar either downstream of or t the
sanlpling site, it would seem that a change in their horizontal distribution would be observed. This
is not, however, the case. During the next field season it will remain important to co
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I.

monit~ the movement "f the sandbar, the fish distribution, and the preseoce of fish a1QD1l the
sandb~.

As in 998, there were disproportionally more tlsh observed in theri.ght-bank: drifts using the down
lookin· sonar than would be expected from the side-looking counts. Much of this apparent
discre ncy maybe explained by the relatively narrow migration corridor on right bank. Although
fewer Ish travel up the right bank, they may be more concentrated, giving. the Ulusion of ~eater
numbe in the down-looking charts. Also, the down-looking sonar utilized is.· not a scientific
echoso mder and has no TVG correction or way of determining target size. Not only does this
make i extremely difficult to determine whether the down and sideJooking syst~s .~ detecting
the s e size targets, the la.ck ofTVG circuitry will also cause thedetecta.bility offish to decrease
with ge in the down-looking system. This will invalidate, to some degree, comparisons made
with d fts performed at different depths.

The ac .ustic results of the mid-river sandbar drifts were similarly confounded. FirSt, as previously
mentio ed, this sonar system does not ·llSea. scientific.echosounder so there is··no way to verifythat
we are etecting the same size targets drift to drift or throughput the. water cqlumn. Also,since the
mtio 0 total observations on the right to left banks is so differentftol11 what we observe with the
side-Io king system, the relative number oftargets observed over the mid-river sandbar is also
questio Ie. Finally, since the drifts were performed slightly upstream ofthe transducers, there is
no way to be certain that fish counted during the drifts had potpreYiouslycro~dfrom 0tie ofthe
banks .. er being counted by the side-looking sonar. In the filture, the possibility of configuring a
calibrat d scientific son~ system to functionm a dowp-l()qkjng Dlode D;1jgl1t.beexplored. This
would liminate much of the uncertainty associated withthekltget··detecfability. It wpuldnot,
howev ,address. the sampling problems associated with this method. ofasses$l1lent. Until .the
sampli issues are re~olved, weCaDPot Tecqmmendthecontinuatipn ofthese driits as a meaningful
way of ssessing passage· outside ofour nqrmal acoustic ~pling~easalongbothb~.

5S,as determined from the threshold needed to detect bottom althe outermost rang~,

nsiderat>ly througho:utthe season. Early inthespriPg the river was relatively. clear with
little 5 ended sediment. As the summer progressed, the arnqUPtof~imenfmcreasedas did the
amount of signal loss. Initial cOD1parisons of signal loss to hydrological measurements showed
high co·. ~lations with turbidity, the natural logarithm of secchi disk depth and with.cond1.lctivity.
Furthcranalysis of the turbidity/signal loss relationship U$ipg the Cochrane-Orcutt method of
climina .ng autocorrelation resulted in a new model which explained more than 81% of the
variabil of signal loss. This result is encouraging, but additipual follow-up work is needed.
Purchas ng a turbidity meter and including these measuremepts in the. daily sampling program of
the proj· t should allow for further examination of this relationship. If a less subjective measure of
signal I ss could be obtained, it is worth pursuing. UnfortunatelY, target strength measurements
collecte with the project's dual-beam equipment are too variable to be useful for this purpose
Cfable I ).

Cross talk did not affect our ability to count fish. An observation worthy ofnote about the cross-talk
was its trrst ever reported (at this project) detection across a range of almost 1000 m. Cross talk is

I
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not expected to cause problems with project operations in the future due to the nonnally turb d state
of the Yukon River.

Estimating fish passage in the Yukon River continues to present major technical and
challenges. The sampling environment is often demanding due to the extremely dynamic
the water level, turbidity. bottom substrate, and range-dependent signal loss. The hlydrl~)U

system that we employ in the Yukon River appears to work well for the purpose of
passing salmon. We were able to compensate for identified signal loss throughout the field
by modifying equipment parameters in response to the frequent environmental changes. The
changes are largely subjective and thus, hard to objectively quantify as to absolute detee
Successful estimation of fish passage depends upon constant attention to the frequent CbaJ~
diligent re-checking ofevery part of the acoustic and environmental system.
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Table I. Pre-season Yukon River sonarequipmentcaHbration data, 1999.

101-83-036 -1000' Carol 2021201
101-83-039 1000' Belden 606K1605K
101-83-039 1000' Belden 606KJ605K
102-89-019 1000' Belden 502V/501Y
102-89-019 1000' Belden 504V/503Y

Transducer Receiver Standard Vdet
Gain l Volts In NB 40

Sounder Cables

ITC 003 case"
ITC 004 Case "
ITC 004 Case I
ITC 006 Case I
ITC 005 Case I

o -8 2.395
o -8 3..480
o -32.900
o -33.795
a -3 3.470

G1
NB40
-174.55
-171.30
-170.28
-167.94
-168.72

Vdet
WB40

1.508
3.820
3.110
3.993
3.745

G1
WB40
-178.57
-170.49
-169.67
-167.50
-168.06

OdBcal
NB40

6.400
5.820
2.860
4.905
4.675

OdBcal
WB40

4.210
3.075
3.090
4.910
4.930

101-83-03$ 1000' Cardt202l201
101-83-039 toaO'Belden a06t<1605K
101-83-039 1OOO'Belden 606K1605K
102-89-019 1000' Belcfen502Y/501Y
102-89-019 1000' Belden 504V/503Y

Continued
Sounder Cables Transducer

ITC 003 Case"
ITC 004 Case II
ITC 004 Case I
ITC 008 Case I
ITC 005 Case I

-13 dB
Vs
-3.17
-2.76
-6.44
-3.83
-4.26

-13dB -10dB
Sl Vs

205.27 -0.22
205.68 0.29
207.65 -3.42
210.26 -0.95
209.83 -1.36

-10 dB
Sl

208.22
208.73
210.67
213.14
212.73

-6 dB
Vs
3.72
4.25
0.53
2.85
2.40

-6 dB
SL

212.16
212.69
214.62
216.94
216.49

-3 dB
Vs

6.67
7.18
3.43
5.71
5.29

-3 dB
SL

215.11
215.62
217.52
219.80
219.38

OdB
Vs
9.71

10.20
6.42
8.72
8.28

OdB
SL

218.15
218.64
220.51
222.81
222.37
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Table 2. Summary ofdl!lily testfishing catch:esby species from 9 Jurteto 18 July for the
Yukon RiversQnarproject, 1999.

OriftTime Chinook Chinook Summer Whitefish Other Total
Date MInuteS >=655mm <655mm Chum COhO Pink $,*~$ CisCo Catch

06lO9I1 51.70 0 0 0 0 0 0 0 1
0611011 174.96 0 0 0 0 0 8 0 19

06111/1 172.44 0 0 0 0 0 3 3 6 12

06112/1 182.24 1 0 0 0 0 5 2 8 16
06113/1 174.79 0 0 0 0 0 2' () 3 5
0611411 184.75 0 0 0 0 0 2' 2 6 10
06115/1 178,64 5 0 1 0 0 0 0 6 12

06116/1 181.00 2 1 2 0 0 2 2 3 12

06117/1 167.92 5 1 11 0 0 0 1 3 21

0611811 181.53 3 0 7' 0 0 1 0 3 '"0611911 178.04 5 1 23 0 0 1 0 1 31

06J201 175.50 9 1 39 0 0 0 1 6 58

06J2 134.67 21 1 139 0 0 1 0 3 165
06J22/1 142,24 23 6 96 0 0 0 1 2' 128
06J23/1 131.76 53 4 89 0 0 0 0 2 148
06124/1 111.41 18 3 190 0 0 0 1 4 216

06J25/1 76.85 17 3 102 0 0 0 0 0 122

06J2611 111.12 19 5 185 0 0 0 0 0 209
06127/1 125.60 24 5 160 0 0 0 4 193

06J2811 76;52 29 2 108 0 0 0 0 140

0612911 108.59 17 3 149 0 0 0 2 1 112

06l3OI1 126.36 24 6 137 0 0 1 1 170

07101/1 107.82 16 2 137 0 0 0 1 2 158
0710211 99.78 14 3 49 0 0 0 0 0 66

0710311 121.23 18 7 123 0 0 0 0 1 149

07104Jl 115.56 15 0 157 0 0 0 3 176

07105/1 94.17 20 1 82 0 0 2 0 0 105

07/0611 129.00 13 3 90 0 0 2 1 0 109
07107/1 139.57 17 7 60 0 0 1 0 3 88

0710811 154.27 10 2 88 0 Q 0 2 1 103
07109f1 124.35 7 0 162 0 0 2 0 177

0711011 123.28 15 1 134 0 0 0 1 1 152
07/1 1/19 140.38 9 5 79 0 0 1 4 0 98

07112/19 165.99 6 .. 49 0 0 0 1 2 62
07/13/1 152.19 2 0 n 0 0 4 3 0 86

07114/1 188.75 6 1 55 0 0 4 3 76

07/1511 169.32 2 0 46 0 0 6 0 59

0111611 174.66 0 0 38 0 0 9 10 3 60

07/17/1 169.83 3 0 13 0 0 3 9 3 31

07/1811 172.68 0 2 20 0 0 6 4 1 33

Summer Total 5.672.04 448 80 2.897 0 0 66 74 95 3,660
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Table 3. Summary ofdaily testfishing catches by species from 19 July to 31 August for the
Yukon River sonar project, 1999.

45
76

100
44

101
135
63-
32
30
30
21
27
10
96

119
40
74
63
42
24
33
46
32
21
30
23
94

114
81
sa
83
53
57
74

183
174
209
128
114
83
88
71
70
59

Total
catch

3
2
3
1

1
1
1
1
1

1

3
1
o
o
2
o
o
4
2
o
1
2
a
o
o
3
2
2
o
o
o
1
1
3
o
3
3

Other
Specie!

3
o
8
2
1
3
5
4

3
2
2
3
2
3
5
2
5
2
3
1
2
1
1
7
9
2
3

18
8
1

19
16
19
11
19
10
30
16
44
9

20
7

14
17

Cisco
8
1
6

13
a
4
2
6
8

14
6
3
3
8
9

11
9
9

12
6
6

14
9
8

10
10
8

11
6
3

10
10
18
19
5
6
4
6
4
5
7
6
4
5

WhItefish
Species

a
o
o
1
1
o
o
1
1
o
o
1
o
o
o
o
o
o
{)

o
o
o
o
o
1
o
o
o
a
a
o
o
o
o
o
a
a
o
o
o
o
o
1

o

Pink
o
{)

o
a
o
o
o
o
o
o
o
o
o
{)

o
1
o
o
2

o
6

12
3
5
7
8

11
22
14
24
17
12
12

9
33
85
66
48
43
44
42
31
26

Coho
31
69
82
27
97

126
55
19
16
13
11
19
4

84
103
25
59
49
24
16
25
23
10
3
1
2

15
73
43
42
30
10
5

30
148
125
89
40
17
25
14
16
17
a

Fall
Chum

o
o
o
o
o
o
a
o
o
o
o
o
o
o
{)

o
o
a
{)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
{)

{)

o
o
o

Chinook
<6§5mm

162.153 ()
161U$ 4
185.5$ 1
18liUi7 0
172.77 0
158.00 1
117.54 ()
179.31 1
176.28 1
198.07 0
213;63 1
207.29 0
210,40 0
189,25 0
142,22 1
132.41 0
168.57 0
195.32 0
181.4Q 0
176;41 0
103.43 0
117.92 0
175;00 {)
85.91 0

190;62 0
192.43 0
170;67 0
178;51 0
179.05 0
17.t95 0
174.40 0
185.85 0
190.44 0
183.31 0
161.34 0

148.16 a
165.11 1
165.02 0
176.19 0
113.16 a
176.45 a
176.89 0
117.53 0
172.06 0

Drift Time Chinook
Minutes >-655mmDate

0711911999
0712011999
0712111999
0112211999
0112311999
0112.411999
0112511999
0112611999
07127/1999
0712811999
0712911999
07/3011999
01131/1999
0810111999
0810211999
0810311999
08104I1999
0810511999
08106I1999
08107/1999
OM)8/1999
08109I1999
0811011999
08f11/1999
0811211999
0811311999
0811.411999
0811511999
0811611999
08117/1999
0811811999
0811911999
0812011999
08121/1999
0812211999
0812311999
0812411999
0812511999
0812611999
08f27/1999
0812811999
0812911999
08130I1999
08131/1999

Fall Totals 1,637.19 11 0 1,800 584 7 332 368

Season Totals 13,309.23 459 80 4,697 584 7 398 442

56 3,158

151 6,818
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iJy estimates of fish passage by zone from 12 June to 18 july for the Yukon River sonar project, 1999.

1,912 132 922 51 435 51 3;289 150 0.046 58,4' 41.51

1,404 97 1,318 13 465 55 3.187 133 0;042 44.:05 66.95

1.292 89 1,110 51 315 31 2,717 114 0.042 41.55 5145

1,066 35 1,314 61 602 39 3,042 85 0;028 35;04 &'UI6
1,162 38 1,855 90 B1G 59 U27 114 ·0.029 29;59 10.41

1,036 34 1,555 75 655 42 3,246 93 0,029 31,$2 68.08

1.115 50 2.270 383 1.506 150 4,951 396 0.0&0 23J'$ 76.21

1.517 67 4.482 117 2.681 267 8,140 788 O.08S 1'104 111.96
5.059 1120 6•• 121 5.1QQ 842 17.208 1407 0.012 29AO 70;60

5,157 541 17,770 1tl!9 11,914 2902 34.1341 3116 0.041 1iUG 85.20
4.097 m 12,~4 1143 9,719 301 2&.140 1218 o.Q4tl 15;32 8UII

6.416 869 15,128 2352 12,053 1103 34.195 3031 (MJ'$ 11\;16 81,24

20.277 827 3ue2 1119 18.158 3965 89.617 4238 0;011 29.13 71Ul7

37.321 4$61 440155 9301 24,919 ~ 106.395 11502 (MOB 35.08 &1;92

20,m 2688 35,544 1491 1M2!l 2414 89.194 8a3S 0.120 2&;23 'M.T!
23.322 7S3 25;310 3828 14,818 3851 ~;.450 Jot88 0.086 3Ut 8124

23.144 141 12,202 10920 12.l181 3379 108,327 11458 l.t106 21:38 7e:84

Zl.850 3711 32,97'9 2783 12;8lM 1230 68;52~ 4799 0,070 33.0. .llU5
15,871 620 2fl;986 3223 lI.492 892 51,349 3401 0,01' 30.91 .;09
1$,231 1261 ~737 20$3 7,$67 &11 80.535 2621 1):042 31.77 08.23

17,1$4 944 23,687 3483 6;622 45$ 48;2113 3841 0;1116 3'7.12 (l2;tla
16,635 818 19.204 2832 t,228 638 45;015 3033 \),QG7 36.91 83.1)9

21.0$8 63!l 29,06t 4238 11.941 1644 62,1J68 4588 0;074 33.93 Ml..Q7

20;$38 1620 16,145 3152 13.901 1309 SO,682 4291 \),085 40;72 59.28

12.280 962 7,615 1783 9.690 1112 29.625 2222 0,075 41;38 58.62

6,3!ijl 470 5,Q76 732 3.S07 490 14,981 99s 1>.067 42171 51.29

8,4~5 126Q 6,404 1351 3.969 681 16.8M 2036 0.108 44,94 55.08

19,m 1568 14.JQ{i 2205 ~.t!ijl 1228 42;111$ 2&72 1);(l6e 46,41 U,U
10.682 1250 14,508 3017 8;755 9S9 33,945 3460 0.102 31,47 68.63

8,045 525 9,202 116$ 6.~ 950 23.550 1595 0.1J68 34.111 8U4

4.943 742 6,238 400. 2,$84 342 14.185 910 0,084 34.90 85.UI

4,049 391 9,442 614 4.709 2!l8 18,200 175 0.043. Zl..26 77.15

4,080 593 7,743 722 3;,:lO 193 14.943 964 27,30 72\70

3,707 281 5,4()8 16 3,583 392 12,698 517 Z1J.19 70.81

2,94& 116 8.490 455 3.275 103 12,713 499 (tOS9 23.1. 76,81

2.485 148 4,862 327 2,ZIJ3 72 9;440 386 0,039 26,32 73"16

2.750 129 5,819 882 3,974 245 12.543 924 0,074. 21.92 7$.Q8

380.308 8,047 582,731 19,823 284.862 9.744 1,207.901 23.341

Table 4.

Report
Period

1

1

1

2

2
2

3

3

4

5
6

7

!l

9

9

10

10

11

12

13

14

14

15

16

16

17

16

19

20

21

22

23
24

2S

26

26

27

"left Bank ·NelIl'Q!lfe

!>tell Bank

lllft Bank
Ne8rSllOre*

SE

lllft Bank
Orrshonl·

lllftBank
Ol'fshor'e"

SE

Total TOlal
Passage Passage

SE cv

Percent
Right

Bank

Percent
left

.Bank
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64.5

83.12
79.68

79.37

85.22
84.59

64.21

78.1:13

75.84
84.89

83.2

81.8

83

88.26

99.15

BS:4'

Il5.29
68,93

83.8
14.77

74.19

81.22
79.95

76.59

69.05
78

83.59
84.06
81.98
80.94

15.68.

82.66

79.81

76.15

84.97

64.43

80.29
71.25
65.14

69.58

64.62

61.25

8'7.66

63.64

Percent
Left

Bank

16.
15.
18.

19.

24.
17.

20.
23.

15.

15.

19.
28.
34.

30.

35.

32.1

32.

36.1

0.035

0.032

0.09

0.043
0.067

0.033

0.061

0.072

0.031

0.03

0.079

0.056

0.059

0.094
0.039
0.08

0.076

0.051

0.055
0.061

0.061

0.062

0.054

0.051

0.047

0.069

0.097
0.018

0.069

0.065
0.04

0-031

0.033
1.l.075

0.071

0.043

0.1163
0.073

0.045

0.03

0.025

0.078

0.054

0.052

565

808
1860

643

2112

1264

1958
1194

371
366

1075

714

604

2377,.
24$5

1764

911
715

634
661

772

522

393

351

367

1778
466

1176

935

S32
339

430

1124

280S
1645

1933
1515
630

370
304

949

697

643

Total Tola!
Passage Passage

Sf CV

15,950

25,379

20.895

14,923

31,536
39.138

32,366

16.523

12,042
12,120

13.687

12,856

10,213
25,283

47,331

30.477

23.345
11,839

13.073

10,383

10,624

12.406

9,595

7.741$
7.512

5,351

18,326

25,085
17,033

14,422

13.213

10,901

12,925

15.021

39.428

43,400

30,836

20.885
14.049

12,523

12.260
12,420

12.889

12,276

Total

144

570
1110

452

1265
m

1301

1021

275

249

839

545
486

884
1522

298

248

625

475

604

367

465
168

147

135

258
940

253

410

95

281

80

197

212

676

492

1348

1154
323

197

103
823

351

342

Left8ank
OIflIhoIeb

SE

5,182

5,954

7.940

4,926

10,468

16,691

13,527

8,065

3,390

3,069

4,600

3.540
3,161

6,091

12,429

10.869

8,879
5,599

3,558

2,697

3,018

3,826

2,401

2.101

1.933

1,527

5,101

7,647

5,431

4,407

4,062

3.152

3,194

4,108

9.815

11.948

9,440

6.912

3.612

3.489

3.402

3.644

4,161

3,498

leftS.1lk
OflShoreb

474

317

1513

445

1611
1231

1461

549
201

252

.649

423

330

2122

936

2311

1680

647

435
165

443
553

483

352
299
257

1486
366

1093

878

264
184

360
1078

2705

1510
1323
662

435

238

69

446

430

488

Lelt8ank
NelIrshcIIe'

Sf

8,296

15,141

8.710

6.919

16.417

18.410

13,726

6,498

5,743

7,220
6:788

6.612

5.316

16,206

29,785

15.361

11.031

10,266

7.399

5.066

5.012

6.250

5.270

3.832
3,254

2,647

1Q,218

13.439
8,530

7,.

5,938

5,848

7.096

7.331

23,688

24.69ll

15.318

7,969
5,540

5,225
4,520

4,708

4.550

4.339

Left Bank
NelIrshcIIe'

272

477

112

102
265
235

87

286

148

93

162

186

140

604

533
705

54S
143
311

95

326

272

104

98

126

47

2S2
99

143

309

367

274
34

237

309

833
410
725

320

204
277

154
422

279

2.472
4.284

4,245

3.078

4.861

6.031

5.111

3.960
2.909

1.831

2.299
2,304

1.736

2.986

5,137

4,447

3;435

1;974

2.118

2.620
2,194

2,330

1.924

1,813

2.325

1,177

3.007
3.999
3,072

2,749

3.213

1,901

2,835

3.562

5.927

6,756

6,078

&.004

4.897

3,809

4,338

4.068

4,178

4,439

Right
Bank

7/19199

7!20199

7/21199

7122199
71Z3J99
7124199

7125J99

7126199
7127199

7121W9

7129199
7130199
7131/99

611199

6!2J99
6!3J99
8JAJ99
6!5199

8t6J99
617/99

6!llI99
8l9J99

8110199

6111199
6!12f99

8113/99

6!14J99
8115199

811et99

11I17199
6!1ll199

8119/99

8I2Ol99
8121$)

8122199

8123!99
8124199
8125!99

8!26199

8127199
8128199

!ll29199
8130199
!ll31!99

Dale

28

29
30

31

32
33

34

35

36

36

37

36

36

39

40

41

41

42

43
44

45

45

46

46

46

47

48

49

50

51

52

53

54

55

56
57

58

59

eo
61

62

63

64

65

Report

PeriOd

Table 5. Daily estimates offish passage by zone from 19 July to 31 August for the Yukon River sonar pro ct,1999.

FAll TOTALS

SEASON TOTALS

154,633

534.941

2,209
8,345

411,574

974,305

6,659

20,122
250.258
515,120

4,. 816,465

10.637 2.024,366

8.211

24,744

'left Bank NearsI'Iol'e Range: 0 • 50 m
'1ft Bank Offshore Range: 50 - 350 rn

27



Table 6. umulative passage estimates by species for the Yukon River sonar project, 1999.

183,104 10,933
28,040 2,483

945,881 21,893
510,891 11,886

Cumulative
Estimated Standard
P e Error

201,089
32,125

981,895
530,443

102;448
3,681

280.654

86,616
649

238,852

909,867
491,339

165,119
23,955

Lower 90% Upper 90%
Confidence Confidence

Interval Interval

0.023
0.023

0.060
0.089

0.051
0.426
0.049

Coefficient
of

Variation

4,812
922

12,705

94,532
2,165

259,753

211,144

1,456.772

===========

==========

iss

$pac".
Coho Sal n
Pink Salm n
Non-salmo

Total Chu

Summer
FaltChum

Total Chi

=====---===::::
Total 2,024,366

*Estimates sed in the process of apportioning target species, not for estimating passage rates
of non-ta t species.
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Table 7. Daily estimates of fish passage by species from 12 June to 18 July for the Yukon Riv r
sonar project, 1999.

Report

Period

1

1

1

2
2

2.

3
3
4

5
6
7

a
9

9

10

10

11

12

13

14

14

15

16

16

17

18

19

20

21

22
23

24

25

26

26

27

Summer Totals

Date

6112199
6/13199
6114199

6/15199

6116199

6117199

6118199

6119199

6120199
6121/99

6122199
6123199
6124199
6125J99
6J26I99
6127199
6128199
6129199
6130199

711199
7/2199
7131fJ9
7/4199

715199
716199

717/99
718199
719199

7/10199
7/11/99

7112199
7113199
7114/99

7115199
7116/99

7/17199
7/18199

Chinook
> 655 mm

39

55

48
928

1.176

968

1.257

2.252

3.464

5.571

5.960
13,596

5.759
11,740

8,135

9,809

17,848

8.983

6.553

10,223

7,203

7.500
5,965

13,422

8,090

3,894

3,012

1,085
2,002
2,675

2,331

233

1,256

297

469
357

o

174.153

Chinook

<655mm

o
o
o

161

176

157

sa
175

570

120
667

852

703
3.043

1.988

1,873

4.014

1,040

1,124

1,648

2,355
2.075

o
713

393

1.903

332

o
83

837

677
o

42

o
o
o

231

28.040

Summer
Chum

o
o
o

946
1,298

1.032

2.834

5,010
11,344

27.913

19.811

19.546

60.876

91,612

59.071

50.846
85,287

54,755

42,873

47.883

38,434

35,319

54,552

35,559

20,$55

8,127

14,767

39,799

31,434

19,251

10,298

15.868

10.264
9.508

5.443

4,123

9,643

945,881

29

Non-Salmon
Species

3.230

3,132

2.671

1,007

1.277

1,089
772

1,303

1.830

1,237

302

201

2.279

o
o

922

1,178

3.745

799

781

211

171

1,$51

988
587

1,057
727

1,905

426

787

859
2,099

3,381

2,893

6,801

4,960

2,669

59,827

Total aU
Spedes.

3,269

3,187

2,717

3.042

3,927

3,246
4,951

8,740

17,208

34,641

26,740

34,195

69,617

106,395

69.194

63,450

108,327

68,523

51,349

60,535

48,203

45,065

62,068

50.682

29,625

14,981

18,838

42,789

33,945

23,550

14,165

18,200

14,943

12,698

12.713
9,440

12.543

1.207,901



Table 8. aily estimates of fish passage by species from 19 July to 31 August for the Yukon River
nar project, 1999.

Report
Period Date

Chinoolt
> 655mm

Chinoo\(

<655mm
Fall

Chum

28
29

30
31

32

33

34

35

36

36

37

36

38

39
40

41

41
42

43

44
45
45

46

46

46
47
48

49
50

51

52
53
54

55
56
57

58

59

60
61

62
63

64

65

7119199
7120f99
7121199
7122f99
7123199
7/24f99

7/25f99

7/26l99

7127199

1J28199
7129199
7/30f99
7/31/99

8/1/99
8f2f99

8/3199
8/4199
8/5199

8J6I99
817199

8/8199
8I9f99

8/10199

8111/99
8112199
8/13/99
8114199
8/15199
8116199
8111199

8/18199
8119199
8/20f99
8/21/99

8/22f99
8123/99
8124199

8/25/99
8/28199
8127199
8128/99
8/29199
8I3OJ99
8/31199

o
873

276
o
o

216

o
4,865

114
72

1,012

o
o
o

1,315

o
o
o
o
o
o
{)

o
o
o
o
o
o
o
{)

o
o
o
o
o
o

208
o
o
o
o
{)

o
{)

o
o
{)

{)

o
o
o
o
o
{)

o
o
o
o
o
o
o
{)

o
{)

o
o
o
o
o
o
o
o
{)

o
{)

o
o
{)

o
o
o
{)

o
{)

o
o
o
{)

o
o
o

677

o
o
{)

285
205
129

o
289

226
o
o
o
o
o
o
o
o
o

112

106
136

o
o
o
o
o
o
o
o
o
o
o
o
o
{)

o
o
o
o
o

11.791
24,214

17.633

7.708

31.144
37.002
28.843

6.803

4,946

4.753

8.165
7,749
6,413

22.116

42,737

21,042
16,458

15.203

7,091
7,596

7,388
8.480

2.192
1,857
1,775

477

13.904
13,647

7.915

7.951

4.651

1.834

1,694

6.269
31.700

31.224

12.968
7,474

2,291
4,491
1,976
2.395

4,366

2.385

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

66
43
o

1,316

223

695
1,050

1.259
1.031

1.112

2.188

808

1.497
4.774

4,631

3,534
2.136

2.274
2.380
2,711

6.544-
11,618

6,370

4.685
6.364
6,240

7,025

4,806

4.696

4,159

292
2,786
6,538

392

1.920

3.523

4,570

6.777

7.166
4,510

4,618

3.574
3,141

3,279

9,319

6.844

2,636

4.606
2,564
2,541

2.896
6.032

4,746

4,489
2,686

3.614
9.941
4,344
1,640

5,028

6,931
8,957

6,372

5.017

5.632
6,042

5,041
1,073

1,668

4.044
3,000

3.711
5,195

15.950
25,319

~,f96

14,923

3U36
39.138

12,042

1f·120
13,687

1UM
10,213

1 ,

13.013

10,363

10,824
12.406

9.595

1,746

1.512
5,361

1B~326

2M85
17,033
14,422
13:,213
10~to1

12,925
15:021
39,428

4MOO
30;836

20.885
14,049
12,523
12,260

12,420
12,889
12,276

Fall Totals

Season Tetals

8,951

183,104

o

28.040

2.165

2,165

51M91

510,891

30

94.532

94.532

199.926 816,465

259,753 2,024.366



fable 9. Comparison of24-hour sampling estimates with daily nine-hour sampling
estimates for the Yukon River SQnar project, 1999.

10,697 -1.17%
10,824

23.937 1.64%
23,550

72,108 4.21%
69,194

-0.13%

37,946 ..;3 ..05%
39,.138 I

12,840 -14.52%
15,021

157,528
157,727

----_._------_._--

Total Total %
Passa e Differences

3,216
3,018

6,365
6,303

3,820
4,108

16,272
13,428

15,049
16,697

44,722
43,554

Left Bank
Offshore
Passa e

4,606
5,012

9,243
9,202

5,640
7,331

31,496
35,544

16,018
16,410

67,003
73,499

_._--_._-­--------

Left Bank
Nearshore
Passa e

8,329
8,045

3.380
3,582

2,875
2,794

6,879
6,031

24,340
20,222

45,803
40,674

----------_._---.-

Right Bank
Passa.e

Date Sampling
Method

6/26/99 24-hr
9..hr

7/11/99 24-hr
9..hr

7/24/99 24-hr
9-hr

8/8/99 24-hr
9-hr

8/21/99 24-hr
g-hr

roTAL 24-hr
9-hr

0/0 Differences by zone: 12.61% -8.84% 2.68% -0.13%

31



Table 10. Standard target data coUt;cted 13 July 1999 at the Yukon River sonar project.

File Name
194f1RD2.xls
19412RD2.xts
19413RD2.xls
19414RD2.xls

N
2686
2145
2566
938

Note: All target work done using a 3" stainless steel sphere located in roughly the same position in relation to the river bottom.



Table 11. Yukon River chinook salmon mean length by year and the approximate length
that separates the age groups, 1993-1998.

Year

1993
1994
1995
1996
1997
1998

Average

1.2

513
577
569
553
580
551
568

Mean LenfJth

138
749
764
744
739
154
148
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\
Figtre 1. Topographical map of the Yukon River in the vicinity ofthe sonar site.
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90 ----
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..... 150m

Figure 2. Yukon River right-bank profile recorded on 10 August 1999. The flat slope
beginning at about 150 m is the thalweg beyond the project's ensonified
range.
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Figure 3. Yukon River left-bank profile recorded 01r 10 August 1999.
mid-river s~uldbar beyond the project's ellsonified range.

The unward slone nast the 350m point marks the edge of the



Atchuelinguk Sandbar
(above water's surface)

T
MagN

Yukon River 1999

Grid: 150m x 1SO m
(492ft x 492. tt)

Contours in 5 ft
intervals
Note: Beam locations
and angles are
approximated

Figure 4. Bathymetric map of the Yukon River sonar sampling area, 1999.
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Figure 7. ~stimated daily passa.ge by species for summer (top) and fall (bottom)seasons,
~ukon River sonar, 1999.
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Figure 11 Cumulative percent of total passage by day for chinook salmon~ Yukon River
sonar, 1999.
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Figure 12. Mean CPUE versus cWly sonarpass.~estimatesbyzone from 12 June to
]8 July for the Yukon River sonar pt<>ject, 1999.
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48



8r-"""~-"'--"'---'-' -"~"'-"-'--""~"'--~"-"' ,-_. I

-....1995
__._1996

- ...·1997
-,Y":, ," 1998
___ 1999

"'~"""~
",'f.J,,'(It,~......,~....""

5

7

ri'~~i7-i~~

- ,
~ \
~ 6 :« ~I '

Figure 16. Yukon RiYer.daily waterJevel~19.95through1999.

---,._"._"'._-.:::.._----------~----------------~--"-----------------

49



100

200

'il'
~

UVJ1·
f 100

0

I
~,

5

-+-RIght Bank COMUctivllY
.....-left Bank Conductivity
··~~Water Level

50 ! '" , '4

/ f(}' ~.tf / '\~~ ,\,Jf' ,\(I,~ ,,<I / ~....,.;~ ~., /

Figure 17. Daily Yukon.River conducuvityctnd waterlevel recorded atthe sonar proje<:tsite1 1999.

s'



60 I'm ·.m.···.·· ... .•••••.m ...••._ ••.•~• . ""' • ••••~m~._.~~.__......... .• " •.~ _.~• • ··m.••• ~ ••m ••m «.m _~_ •• , __..« - •• 7

-+- RB Secchi
.....-LB Secchi
.-fx-- Water Level

50 6.5

f.>OJ
<6-rt'

~~<>.>
~

~"...:f:>OJfJOJ
co~

f.>OJ
;".,<fJ'

~~
;".,<l-

~fJ<>'>
;""\

;".,~$J#~
~

'fJOJ
~~

"f()~OJ
<So

10

#!_--=~-~~--;:-~~ __--:/~-:- -r_-__--,---__-=---:~~:J! 4

rJ

40Jt, I . }{ , T ,jh. ~ j 6

E I(,)-.c 'ii....
t 30 5.5 >
Q ~
:E ...

A
CD

(,) I~
20

Figure 18. Comparison ofdaily right and left bank secchi mea~urementsandwater level at the Yukon 1999.

51



e
;

}

24

22

20

18

16

12

• RBTem
........- LB Temperature

~Water Level
6.5

6

e.......
a;
>

5.5 .3

I
5

····4.5

10·1 I ' i "' 14

~" .,,)o.~cP," ~' ~~cP *-'~ '5..of..' .. ,,\,,' ':1. ' x.·.# _."~~ ..A#A::-''''J' ••. "v ...f!S -# .~ ..~ .. ~V'. ~ •,,~ . •.:.,oa- .rv~'<Y- ~ C;S ~ ~ <9-' ~ . ~ ~C&¥ c§t ~. <§l-

Figure 19. Comparison ofdaily right and left bank water temperatures and water level at the Yukon River sonar project, 1999.

r



Left BankES#1D2-8N19

o ·..................•..................•.................••
.. . . . . . . . . .. . . .... . . .. . .... .. . ...... . . . . .. .... . . ..... . . ..

·5 ................. - ..

·10 •
.. .. .. .. .. .. .. ..- -.. _ -.. - - - .;.- .. -.- - -.. - - - - .- - - : , --•

·15

'--"'--'·"--'1
I • Inseason Values

l:,::_:.:...:.~.~~~ j
·20

714 7f9 7/14 7119 7/24 818 8113 8118

o •••• _ .
•
..........................................•.............•

-5
· .........................................•.............•

·10 •••••••••••••••• ' ••••••••••••., ..

· ...........................................•...' ...' .. '.....•
·15

• InseasonV

81238118811381871297/247/197/147/9

·20 4-~~~--__........- __- ............,..........----r-----_.......,....-,.....,.---..,...,---{
7/4

. igure 20. Transmitter output testSJOf Yukon River sonar project echosounders, 1999.

53



Left Bank IU 102-89-019

·1

-+-250m
__100m

--dr-50m
·*",25m

IIsa

Changed TVG $tart range from
2.5 to 5.0 mon EiJ3OI99

,
!

0.1 .r-----,..,..,......,..,..,......-----.........-------"'-----"'------"'--------,
o.o~

°1
I.' oo,oj
e .OE\

;~
o,o~

f
0.021

O.01[

I
1'+-19----......,..------=-------7''"'''19..,.".",------712'''''.. 9--·---........---Stt.,...•• s--.-----~8128

I,

818 81187/297/19719

j

0\ r-------Right-..._..._•. _Ban_._k_.•• _Eu_·_··<i
W
_·.·.•·•._

1
-8_•••···.·_' >_···.•'·_:........._-.................................250.....-m

4

• .........,

o.~. __100m

J ~~
0.., -~-25m

O.O~
~ !
I o.~

iii o.o~

i o,J
~ i

(l,031

0.02!
0,01 1

O~19,

Figure 2LTime-varied gain perfurntIInce of1ho Yukon River _projO!:!'~ ecbQlillU!lders,
1999.
i
!
!

54



------------r' -40

_Adjusted Conductivity

~S5 Threhold

290

270

250

en
..2!
b 230
'>
1:;
:::l 210"c0
(.)

190

170

150 ·70

~,,'V rd-~ ~ '\~ ,\\,,'<::1 '\\~ ~ " ,;- ~~ ~' ~~~~ ,\fJ '\~

~ =0.6076 1•••
-40

-45

-6sl

.7oL,.....-,-............--.,..---........,-----,-----,-......--_---.....-.4
150 170 190 210 230 250

Temperature Adjust!Jd Conductivity {J,IS)

270 290

-:gure 22 Temperature adjusted left bank conductivity versus stratum 5 threshold level for the
Yukon River sonar project, 1999.

55



15

30

-+-S5 Th.-shold
___Secchi DeptIl

~....~ b'(l> ....f.l 1\~ I\.\~ .. .... rS- ~~. ~... ~tI\.{'; "f:i

t
1+I !
~~ ..

+4s
ri

l+--~ ...............------~~..,..........--~.............-.o
.,4()h----------------------------'.........----'........__..=_ __..--_--.

45

•

·70 1----_--....,......-----_-----'_----'---_..-----------'- --1
45403S20 25

Secchi.Depth (em)

15105

I
Figure 23. ~,·.OCmparispnOf daily l~tt .~ .. S.~tU readings andthestJ:'~·$~ldsusedat

te Yukon River sonar project, 1999.

I

56



-30 1200

-+-- S5 Threshold

-35 ..........Turbidity

<:l '\\~ '\~ " ~ ~~ ~'\>" ~tf>'\\" '\~

800
E
Q,
g

600 f
~
~

400

-35 ,~~--.......,..........-~ ---_.---------..............------........

-80

-85

Linear Model
y=-40.97.Q.0257x

/ R2",O.8484

•••

Autoregre~$iveModel
Yn=-43.646-0.020308Xr,+0.512"n.l
~=0.8171

•
•

•

• Observed

A Forecasted

-Unear (O\)served)

1000800400 600

Turbidity (ppm)

200

-70 It-- ......... ...........----___..,-----....,_-----.........- .........

a

r'igure 24. Comparison ofdaily average turbidity readings and stratum 5 thresholds used at
the Yukon River sonar project, 1999.

57



l
I :
I::r:

25. Cross talk observed at the Yukon River sonar project on 19 June 1999.
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Append* A. Yukon River sonar threshold levels and parameters for the left bank, 1999.

Date atum

o -HI 0.39 0 222.81 ..167.50 -45.49
o -18 0.39 0 222.81 -167..94 -45.05
-3 -12 0.39 a 219.80 -167.94 -48.04
-3 -18 0.39 a 219;80 -161,50 -42,48
o -18 0.39 0 222.81 -167.94 -45.05
o -12 0.39 0 222.81 ~167.94 -51.05

o -18 0.39 0 222.81 -161.50 -45.49
o -18 0.39 0 222.81 -167.94 -45.05
o -18 0.39 0 222.81 -167.94 -45,05

0: -18 0.39 a 222.81 -167.50 -45.49
o ·18 0.39 0 222.81 .167:94 -45.05
o -12 0.39 0 222.81 -167.94 ..51.05

-3 -18 0.39 0 219180 ..161.50 -42.48
-3 -18 0.39 0 219.80 -167;94 -42;04
-3 -18 0.39 0 219.80 -167;94 -42.04

-10 ·12 0;35 0 213.94 -167.50 43.56
·10 -12 0.35 a 213.94 -167.94 43.12
-10 -12 0.35 0 213.94 -161.94 43,12

-10 -12 0.35 a 213.94 -167.50 43.56
-10 -12 0.35 0 213.94 -167;94 -43.12
-10 -12 0.35 0 213.94 -167.94 43.12

Transmit Receiver Threshold Source System Threshold
(dB) Gain «(fB (YQI~ Attefllolatlon LevEll. ClB) GaIn {dB (d$)

13
'4

\5

1
3

1 4
15

6128199
6128/99
6128199

6127/99
6127/99
61271fJ9

6129199
61291fJ9
6129199

6123/99
6123/99
6123199

6115199 I 4
6115/99
6116199
6116199
6116199

6112199 I. 3
6112/99 I 4
6112/99 I 5
6115/99 I 3

1I11fJ9
7/11fJ9
7/1/99

o ~ 0.39 0 222.81 -179;50 -45.49
o ~ 0.39 0 222.81 -179.94 -45.05
o 0 0.39 0 222.81 -179.94 -51.05

7/10199
7/101fJ9
7/101fJ9

o ~ 0.39 0 222,81 -179,50 -45.49
-3 0 0.39 0 219.80 -179.94 -48.04
o 0 Me 0 222.81 ·179,94 -51.05

7/131fJ9
7/13/99
7/13199

-3 ~ 0.39 0 219.80 .179.50 42.48
-3 ~ 0.39 0 219.80 -179.94 -42.04
o (I 0.39 0 222.81 -179.94 -5.1.05

7/14/99

7/141fJ9
7/14199

-3 ~ 0.39 0 219.80 -179.50 -42.48
-3 -6 0.39 0 219.80 -179,94 -42.04
-3 0 0.:$9 0 219;80 -179,94 -48.04

o -6 0.31 0 222.81 -179.50 -47,48
o -6 0.31 sw' 222.81 -179.94 -47.04

o -6 0.31 0 222,81 -179.50 47.48
o ~ 0.31 0 222.81 -179.94 -47.04
o 0 0.31 0 222.81 ·179.94 -53.04

-3 -6 0.39 0 219.80 -179.50 -42;48
o ~ 0.39 0 222.81 -179.94 -45.05
-3 0 G.39 0 219.80 -179;94 -48.04
o ~ 0.31 (} 222.81 -179.50 47.48
o -6 G.31 0 222.81 -179.94 -47.04
o 0 0.31 0 222.81 -179.94 -53.04

-179,50 -53,48
-179.94 -53.04

·179.50 -44.47
-179.94 -53.04
-179.94 -59.04

219.80
222.81
222.81
222.81
222.81

o
o
o
o
o

0.31
0.31
0.31
0.31
0.31

o
o

~

o
6

(}

o

-3
o
o

31
41

!

3l
41
51

7/22/99
7/22199

7/19199
7/19/99
7/19199

71211fJ9
7121/99
7/21/99

7/15199
7/15199
7/15199

712(Jf99
7/20/99
7/20/99

7/171fJ9
7117199
7/17199

-Continued-
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Appendix A. Page 2 ofJ.

Date Stratum ·.Gte 1

71'lU99 5 0.31
7125199 :; 0 -6 0.31 0
7/25199 4 0 0 0.31 0
7125199 5 -3 6 0.31 0
7126199 3 0 -6 0.39 0
7/2f)/99 4 0 0 0.39 0
7/26199 5 0 6 0..39 0
712.6199 3 -3 0 0.39 0
712.6199 4 -3 6 0.39 0
7126199 5 0 6 0.39 0
713fJJ99 3 -3 0 0.39 0
7130199 4 -3 6 0.39 0
7/30199 5 0 12 0.39 0
7/31199 3 -3 0 0.39 0
7/31/99 4 -3 0 0.39 0
7131199 5 0 12 0.39 0

811199 3 ·3 0 0.39 0
811199 4 0 6 0.39 0
811/99 5 0 12 0.39 0
814/99 3 0 -6 0.31 0
814199 4 0 6 0.31 0
814199 5 0 12 0.31 0
815199 3 0 -6 0.31 0
815/99 4 0 0 0.31 0
815199 5 -3 12 0.31 0
819199 3 0 -6 0,49 0
8/9199 4 0 0 0.49 0
819199 5 -3 12 0.49 0

8111199 :; 0 -6 0.49 0
8/11/99 4 0 0 0.49 0
8111199 5 0 6 0.49 0
8/13199 3 0 -6 0.49 0
8113199 4 -3 0 0,49 0
8113199 5 -3 6 0.49 0
8115199 3 0 -6 0.49 0
8/15199 4 -3 0 0:49 a
8115199 5 0 0 0.49 0
8117199 3 0 -6 0.49 0
8/17199 4 -3 0 0.49 0
8117/99 5 0 6 0.49 0
8116199 3 0 -6 0.39 0
8118199 4 a 0 0.39 0
8118199 5 0 6 0.39 0
8119199 3 0 -6 0.39 0
8119199 4 0 a 0.39 0
8119199 5 -3 12 0.39 0
8121199 3 () -6 0.35 a
8/21(99 4 0 0 0.35 0
8/21199 5 0 6 0.35 0
8122199 3 -3 -6 0.28 0

222.81
222.81
219.80
222.81
222.81
222.81
219.80
219.80
222.81
219.80
219.80
222.81
219.80
219.80
222.81
219;80
222.81
222.81
222.81
222.81
222.81
222.81
222.81
219.80
222.81
222.81
219.80
222.81
222.81
222.81
222.81
219.80
219.80
222.81
219.80
222.81
222.81
219.80
222.81
222.81
222.81
222.81
222.81

222.81
219.80
222.81
222,81
222.81
219.80

-Continued-
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-179.50 -47.48
-179.94 -53.04
-179.94 -56.03
-179.50 -45.49
-179.94 -51.05
-179.94 -57.05 IQst s5 Ck.le to waves
-179.50 -48.48
-179.94 -54.04
-179.94 -57.05
-179.50 -48.48
-179.94 -54.04
-179.94 -63.05
-179.50 -48.48
-179.94 -48.04
-179.94 -63.05
-179.50 -48.48
-119.94 -57.05
-179.94 -63.05
-179.50 -47.48
-179.94 -59.04
-179.94 -65.04
-179.50 -47.48
-179.94 -53.04
-179.94 -62.03
-179.50 -43.51
-179.94 -49.07
-179.94 -58.06
-179.50 -43.51
-179.94 -49.07
-179.94 -55.07
-179.50 -43.51
-179.94 -46.06
-179.94 -52.06
-179.50 -43.51
-179.94 -46.06
-179.94 -49.07
-179.50 -43.51
-179.94 -46.06
-179.94 -55.07
-179.50 -45049
-179.94 -51.05
-179.94 -57.05
-179.50 -45.49
-179,94 -51.05
-179;94 -80.04
-179.50 -46.43
-179.94 -51.99
-179.94 -57.99
-179.50 -45.36



Appendi* A. Page 3 of3.

8I22J99
8122199
8123199
8123.'99
8123199
8124199
8f24l99
8124199
8I2SI99
8125199
8125/9$
8I2Ml9
8126199
8126199
8130199
8130199
8130199

0.35
0.35
$.$
0.35
0,35
Q;$
Q,49

0.49
0.49 .

'IN#

I)

o
SW

o
I

1 In the case +t Nltwater attenuation~, the tfHBshold_ e:atculaCed at a range of 100m.
This settingt usedi~ 8l'Id'only'ltr snIla 4. .

I
i
t

i
f

\

\

\
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Appendix B. Yukon River sonar threshold levels and parameters for the right bank, 1999.

Date
611
6112.199

7113i99
7/13199
7/14199
7114199
7/16199
7116199
7126199
7126J99
1/27/99
7/27/99

815199
815199

6110199
8/10199

Stratum
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

-6
-6

-10
o
o

. 0

o
o
-3
-3
-3
o
o
-3
-3
o
o

Receiver
~n

-6
-6

-12
-12

-6
-6
-6
-6

.e 4
0.24
0.24
0.24
0.24
0.24.
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24

-39.99
-39.99
·~.05

-39.98
-39.98

-42.94
-42.94 ..
-3~t.

-39.98
. -42.94

-42.94
-45.98
-45.98
-42.94
-42.94
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Appendi¥ C. Yukon River sonar hourly passage rate by stratum, 1999.,

Report
Period Date Period

Right
Bank

Right
Bank

Left Left
Bank . ~k

..~

7.2
10.0
a.3
5.3

5.4
3.2
4.4
2.1

11.5
4.2
1.0

4.2
10.3

5.2
5.2
6.7

13.3
17.3
10.3
4.3

39.3
4.1

25.9
24.8
20.7
25.4
19.7
15.5
17.6
24.2
25.0
58.8
56.9
46.6
43.2
82.5

8.4
19.3
14.2
10.3
15.5
8.9
8.7

11.4
18.6
27.4
12.5
26.9
38.0
23.4
22.1
30.0
19.3
59.0
46.6
62.2
52.8

123.1
122.1
125.2
230.3
303.1
218.6
370.7
845.2
351.3
398.6
399.3
280.3
479.0
690.0
395.2
955.7
603.2
524.4
862.8

1555.5

38.9
37.9
40.7
64.1
eo.O ..
43.7
41.4
53.7 .
46.6
652

62.1
56.6
71.2
66.5
87.5
78.3

118.0
119.0
122.2
319.1
279.7
260.3
266.2
705.0
831.9
684.4
671.8
541.0
402.7
520.3
525.8
918.6

1227.4
1423.7
1421.7
1925.7
3117.9
475.8

7.1
17.9
23.0
11.2
8.3
8.3

10.1
5.5

11.5
6.6
8.3
5.3

12.0
2.1

13.0
4.9

19.1
15.9
20.9
10.3
12.3
64.3
80.5
35.5
62.0
53.5
36.8
48.3
55.9
37.9
64.2
65.6
83.7
90.0
80.9
98.7
62.3

261.2

52.5
83.9
54.5
44.1
62.1
40.9
42.8
352
42.2
24.9
27.5
39:3
37.7
40.9
40.2
40.9
30.4
38.9
35.2
36.8
37.9
45.7
52.5
51.8
51.2

153.2
271.0
105.0
169.5
219.1
124.1
101.2
145.9
124.1
191.9
318.2
717.3
825.8
736.9

1138.7
1131.7
1972.7

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

06112/99
06/12199
06112199
06/13199
06/13/99
08/13/99
08/14/99
08/14/99
06/14/99
06115199
06/15199
06/15/99
06/16/99
06/16/99
06/16/99
06117/99
06117/99
06117/99
06118199
06/18/99
06/18199
06119/99
06119/99
08/19/99
06120199
06120199
06120199
06/21/99
06121/99

1/99
122/99
/22199
22/99
/23/99

3199
3/99

/24/99
4199

124/99
125/99
125199

6125/99

1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
5
5
5
6
6
6
7
7
7
8
8
8
9
9
9

-Continued-
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t.\ppendix C. Page 2 of6

Report
Period Date

Right Right Left Left left
Bank Bank Bank Bank Bank

Period Nearshore Offshore Nearshore Mkl$hore Offshore

9
9
9

10
10
10
10
10
10
11
11
11
12
12
12
13
13
13
14
14
14
14
14
14
15
15
15
16
16
16
16
16
16
17
17
17
18
18
18
19
19

06/26/99
06126199
06126/99
06127199
06/27199
06/27/99
06128199
06128/99
06/28/99
06129/99
06129199
06129/99
06/30/99
06130199
06/30/99
07/01/99
07/01/99
07/01/99
07/02/99
07/02/99
07/02/99
07/03/99
07/03/99
07/03/99
07/04/99
07/04/99
07/04/99
07/05/99
07/05/99
07/05/99
07/06/99
07/06/99
07/06199
07/07/99
07/07/99
07/07/99
07/08/99
07/08/99
07/08/99
07/09199
07109/99

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2

1141.3
607.6
588.3
708.4
887.9
961.4
855.3
925.9
842.0

1261.4
757.5
484.2
629.7
623.2
476.6
639.5
768.4
645.5
696.7
574.6
782.9
553.0
651.4
668.3
755.7
773.8
830.5
874.8
599.3
725.5
579.3
488.3
261.8
250.6
201.1
242.7
245.5
255.0
456.6
626.7
833.6

95.7
41.4
53.6
74.1

130.5
153.1
110.0
75.3
84.5

179.3
97.5
51.2
62.1
79.3

113.2
103.3
139.5
107.6
64.0
43.8
74.7
75.3
67.1
64.2
53.3
85.1

133.8
17.9

104.0
198.0

55.3
103.4
44.1
33.8
25.1
46.2
26.5
23.1
51.4
38.0

109.7

1555.8
1634.4
1252.8

36.3
1983.1
1144.4
2467.1
3259.3
3298.8
1260.0
1592.1
1270.2
1236.0
875.0
12~.3

1158.2
1503.1
1555.9
1525.7
1195.2

240.0
452.5
727.2

1220.7
1721.7
1185.8
726.2
962.0

1010.5
45.8

331.0
349.7
278.6
288.4
225.0
121.0
111.9
324.2
364.3
555.3
785.1

520.4
654.7
398.3
155.2
317.9

1315.9
434.7
602.1
501.7
607.5
546.2
368.4
236.8
328.4
433.1
227.0
288.6
361.0
211.1
234.9
251.8
232.0
411.7
363.1
334.0
375.5
623.8
330.0
573.0
600.0
406.7
370.7
317.6
166,6
149.5
800
49.7

147.7
245.5
185.2
393.1

49.7
34.7
20.7

4.4
17.9
41.1
13.7
32.1
38.3
47.4
32.1
10.2
12.4
20.7
30.0

9.0
36.5
23.8
13.5
47.2
69.3
41.0
49.7
55.9
26.9
51.7
80.7
20.3

127.4
86.9
51.4
38.9
25.9
15.5
20.7

6.2
11.2
15.8
26.3
15.5
21.1

-Continued-
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Appendi~ C. Page 3 of6

Report
Period Date

Right Right Left Left Left
Bank Bank Bank Bank Bank

Period Ne~hore Offshore Nearshore Midshore Offshore

19
20
20
20
21
21
21
22
22
22
23
23
23
24
24
24
25
25
25
26
26
26
26
26
26
27
27
27
28
28
28
29
29
29
30
30
30
31
31
31
32
32

07109/99
07/10/99
07110/99
07/10/99
07/11/99
07/11/99
07/11/99
07/12/99
07/12/99
07/12/99
07/13199
07/13199
07113199
07/14199
07/14199
07/14/99
07/15/99
07/15/99
07115/99
07/16199
07/16/99
07116/99
07/17199
07/17/99
07/17/99
07/18/99
07118/99
07/18199
07/19/99
07/19/99
07/19/99
07120/99
07120/99
07/20/99
07121199
07/21/99
07121/99
07/22199
07/22199
07/22199
07123199
07/23/99

3
1
2
3
1
2
3
1
2.
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2

777.3
432.1
500.7
286.2
372.7
273.1
272.5
253.8
152.8
123.6
115.9
131.2
190.1
157.1
104.8
176.2
159.5
146.6
101.4
100.2
118.7
119.3
97.5

117.2
69.0
86.5

105.3
107.7

80.7
106.0

150.0
184.8
124.0
136.9
159.1
135.3
112.0

96.7
111.8
130.6
180.0

100.0
46.7
37.9
31.8
25.3
29.3
32.7
51.1
21.4
15.3
10.0
29.3
29.7
29.0
14.5
28.4
22.1
18.6
15.2
8.7

11.3
10.5

5.5
11.7

9.6
14.5
18.6
11.0
9.2

10.0

16.6
33.8
26,5
38.4
27.2
33.7
19.3
22.9
22.1
28.4
25.5

498.3
822.3
376.3
615.0
497.9
307.1
345.3
212.5
278.4
288.8
462.7
398.2
319.3
410.5
316.5
240.9
238.8
211.5
225.8
325.7
233.2
252.4
254.7
151.5
176.5
213.4
185.6
328.3
346.6
310.2
380.3
597.6
652.6
642.5
513.1
266.4
309.2
253.7
269.5
341.7
520.0
792.9

391.0
256.6
401.4
360.0
181.1
311.4
224.2

95.2
124.2
103.9
157.2
165.2
193.2
114.8
120.0
97.6
90.5

149.0
149.0
124.4
110.7
123.2
95.6
79.7
75.4

131.0
142.8
1n.9
186.1
212.1
190.2
131.3
184.3
320.0
402.3
207.9
224.5
141.7
186.2
211.0
288.0
482.1

18.9
12.4
29.5
34.6
27.4
26.4
15.5
10.2
27.9
11.5
11.4
29.0
12.6
23.4
22.5
11.6
9.3

17.0
33.1
20.8
21.1

9.3
7.1

14.5
14.4
14.0
12.4
18.6
26.8
15.5
17.1
36.2
36.2
36.2
52.6
41.1
64.1
15.3
48.6
12.9
23.6
40.3
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Report
Period Date

Right Right Left Left Left
Bank Bank Bank Bank Bank

Period Nearshore Offshore Nearshore Midshore Offshore

32
33
33
33
34
34
34
35
35
35
36
36
36
36
36
36
37
37
37
38
38
38
38
38
38
39
39
39
40
40
40
41
41
41
41
41
42
42
42
43
43
43

07/23/99
07/24199
07124/99
07/24/99
07125199
07/25/99
07/25199
07126/99
07126199
07/26199
07127199
07127/99
07/27/99
07/28/99
07128199
07/28/99
07/29/99
07129199
07/29/99
07/30/99
07/30/99
07/30/99
07/31/99
07/31/99
07/31/99
08/01/99
08/01/99
08/01/99
08/02199
08/02/99
08/02199
08/03/99
08/03/99
08/04/99
08/04/99
08/04/99
08/05/99
08/05/99
08/05/99
08/06199
08/06/99
08/06/99

3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
3
1
2
3
1
2
3
1
2
3

174.1
232.3
195.0
198.4
170.0
173.9
187.5
128.8
153.4
114.5
92.0

103.6
111.4
74.3
58.7
63.2
96.0
90.7
73.0
51.1
87.3

111.3
79.8
62.7
52.5
46.7
85.0

170.0
161.1
208.0
156.3
152.5
158.4
98.9

203.2
77.2
68.5

85,6
77.3

111.1
66.8

44.1 739.3
50.2 629.5
45.5 783.2
32.4 638.6
31.4 726.2
42.9 596.9
33.2 392.9
45.3 271.9
32.4 311.5
20.5 228.8
24.3 213.7
12.8 260.0
19.5 244.1
13.1 254.2
11.4 319.3
8.1 329.0
7.6 289.3

15.9 218.6
4.2 340.7
8.3 283.2

13.8 340.8
16.2 227.6
10.3 250.5
7.6 232.9
4.0 181.0
7.8 415.9

25.5 755.4
35.7 854.5
26.6 1270.0
52.0 1301.8
38.2 1148.9
33.0 916.4
26.7 363.8
17.2 446.3
24.5 415.9
8.3 516.6
6.9 507.3

419.0
3.5 356.9
5.3 341.7
3.4 327.0
0.7 256.0
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442.8
626.8
667.1
601.0
636.6
420.0
428.3
255.0
258.5
123.5
128.1
118.9
96.7
72.2

143.8
108.6
124.4
162.4
249.3
137.3
167.4
102.7
69.5

204.2
95.4

127.2
280.7
301.1
380.0
594,4
477.9
418.0
411.6
393.6
364.2
300.0
269.3
243.1
155.2
124.1
168.4
116.8

30.5
36.2
44.2

111.7
74.5
65.1
66,4
37.0
62.1
22.1
35.3
29,4
15.3
9.3

21.7
27.9
13.4
2.2

23.2
12.6
15.0
7.5
3.3

11.4
11.4
22.8
20.3
9.3

13.0
40.0
48,4
30.6
29.0
19.7
19.7
12.9
9.2

21.1
2.1
7.5

18.6
9.2
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Report
Period Date

44 08107/99
44 08107199
44 08107/99
45 08l08I99
45 08l08I99
45 08lO8I99
45 08109199
45 08109199
45 08109199
4608110199
46 08110199
46 08110199
46 08111199
46 08/11199
46 08/11/99
4608112199
46 08/12199
46 08112199
47 08/13/99
47 08113199
47 08113199
48 08/14199
48 08114199
48 08114199
49 08/15199
49 08/15199
49 08115199
50 08/16199
50 08/16199
50 08116/99
51 08117/99
51 !08/17/99
51 08117199
52 08118/99
52 08/18199
52 08/18199
53 08/19/99
53 08119199
53 08/19199
54 08120/99
54 08/20199
54 08120/99

1
.2
3
1
2
3
1
2
3
1
2
3
1
2
3

2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
.2
3

108.4
92.7

111.8
83.3

147.5
83.0
66.8
99.5
87.0

100.0
n.4
42.5
60.7
72.0
76.4
92.7

103.0
71.3
47.0
49.1
41.4
88.0

117.3
143.9
155.9
147.3
138A
106.3
107.0
124.0
142.9
98.9
73.8

167.0
95.3

101A
M.8
53.6
90.7
98.9
94.8

110.0

3.4
8.3
2.8
7.4

23.3

7.5
11.7
18.7
5.6

12.7
2.3
4.8

10.7
2.0
7.3
9;0
7,4
3.4
3.4
:2.8
3.4

12.0
11.3
24.0
tEto
16.2
13.6
12.4
21.6
13.1
11.6

3.4
152
21.3

1.3
8.5
4.7

15.3
7.0

14.5
4.4

230.5
203.4
199.3
253.2
126.1
247.1
278.6
276.8
225.8
256.3
189.2
213.3
197.3
72.2

209.5
151.5
160.0
95.2
78.5

117.9
134.5
243.0
445.4
588.8
514.6
570.5
594.8
489.2
342.9
234.3
•.6
245.2
214.6
213.8
230.5
238.0
266.4
239.0
225.5
322.4
314.2
250.4

76.7
160.0
86.9

·78.6
113.8
132.9
142.0
203.8
99.3

103.2
99.3
70.2
57.9
66.2
91.0
72.4
98.6
34.1
36.0
66.0
43.4
ag.5

218.9
~.9

.0

.0

.5
247.2

1.4

144.8
160.0
172.6
147.9
156.2
146.9
131.4
117.9
109.3
136.6
102.4
109.0

8.0
13.4
2.0
2.1

40.4
9.5

11.4
20.7

1.0
8.4
2.4

16.7
11.6
25.9
10;0
10.3
17.8
8.3
7.1

17.6
20.7

6.1
37.2
18.9
32.5
35.2
22.8
31.6

9.6
18.6
29.4
20.7
23.3
11,4
36.0
9.3

10.3
11.4
13.7
16.6
17.1
17.6
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Right Right Left Left Left
Report Bank Bank Bank Bank Bank
Period Date Period Nearshore Offshore Nearshore Midshore OffShore

55 08/21/99 1 154.8 13.1 209.4 141.7 16.8
55 08/21/99 2 120.7 9.1 269.1 184.0 4.3
55 08121/99 3 142.2 7.9 437.9 146.9 19.6
56 08/22/99 1 225.7 17.9 832.5 300.0 21.7
56 08/22/99 2 204.5 17.9 1196.9 360;0 62.0
56 08122/99 3 266.6 8.2 931.5 449.0 34.1
57 08123/99 1 252.4 15.2 1146.1 475.8 37.9
57 08123199 2 325.5 26.2 1098.9 481.0 50.7
57 08/23/99 3 216.3 8.9 842.1 400.3 47.8
58 08124/99 1 264.1 15.2 779.0 343.4 23.8
58 08/24199 2 256.4 21.1 661.0 479,0 23.2
58 08/24/99 3 192.1 10.7 474.7 306.3 4.3
59 08125199 1 310.2 12.7 379.0 295.9 13.7
59 08125/99 2 263.2 12.4 363.0 348.2 24.2
59 08/25/99 3 150.7 1.4 254.1 175.9 6.2
60 08/26/99 1 191.0 10.3 285.8 137.1 13.7
60 08/26/99 2 210.7 20.0 227.8 162.1 13.4
60 08126199 3 162.9 17.2 179.0 110.7 14.4
61 08127/99 1 147.7 12.1 244.1 160.3 10.3
61 08/27/99 2 163.1 12.0 204.4 130.5 11.4
61 08/27/99 3 138.4 2.7 204.6 112.1 11.4
62 08128199 1 201.1 17.3 196.8 138.9 6.3
62 08/28199 2 164.0 10.0 187.2 137.6 11.2
62 08128/99 3 140,4 9.3 181.0 130.2 1.0
63 08/29/99 1 173.0 10.9 168,6 113.8 9.0
63 08/29/99 2 150.7 6.8 2.30.5 194,5 24.6
63 08129/99 3 160.0 7.1 189.3 104.5 9.2
64 08130/99 1 166.7 11.6 180.0 137.6 6.2
64 08/30/99 2 179.3 28.2 223.0 170.5 21Hf
64 08/30/99 3 128.8 7.5 165.8 156.2 20.7
65 08/31/99 1 138.3 17.5 222.7 116.3 17.6
65 08/31/99 2 182.7 22.7 196.6 155.4 18.5
65 08/31/99 3 178.0 15.9 123.1 105.8 23.8
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