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ABS'l'RJ\CT 

Er1umeration ot aault salmon escapement in the main channe.l.s or i;:Ile Kusi<OK\vi.r.I 

ana Yukon rivers nas oeen complicated by silty water that precluaes visual 

counting. Sonar feasibility studies were conductea in tne lower reacnes ot 

these river systems. A single-hit unit, wnicn proviaea numerical counts on a 

paper tape, was usea in tne Kuskokwirn River in 1980 ano 1981; results or c.nis 

pnase ot tne study were inconclusive. Tne single-nit unit was usea in 

conjunc..tion with a rrultiple nit unit on the south bank or the Yui<on river r.ear 

Pilot Station in 1982. 'D:1e multiple-hit unit provicea airectional orier1i:..::.tion 

oi targets on an ecnogram. In this phase ot ti1e stuay, the sinsle-hi t s1.-ster.1 

was roW1a to generate counts fro1n moc.or boats, rain, waves, c.rl1Dient. river 

noise ana aeoris wnen aeployed in an area, shown by ecr1ograrns or tne 

nultiple-hit system to contain few iis.n targets. Only t:he multiple-nit un1r: 

was used in 1983; it was useo again in tne Yukon River, near Pilot Scation, on 

the norti1 oank. 

Altnougn the channel wiatn of tne Yukon river in the stuo:i area i.-1as 670 

meters, tne majority of salmon swam within 100 meters from eitner snore. 

Salmon were distributed throughout tne i.-1ater column. Diel aistriout:ion oi 

hourly counts illustratea no aefinite patt:ern. Coeriicient ot variation 

analysis indicu.tea that sampling periOds snoulei oe approxiniateiy 20 r;tinutes 

per region near-SJ.1ore and 0II-st1ore; near-sur!ace ana near-bottom. Arrival 

time analysis inrucated tnat the spatial cistribution or aault sa1ff.or1 y:u.s oi a 

contagious type. 'l'arget strengths were aeterminea by an inairect rnect1ou 

(Ehrenoerg et al. 1981) using 2"', 6"', ana 10"' transuucers; tr1ey \~'ere, 
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respectively -28.2, -22.1 and -18.4 decibels (dB). Swimming speeds ot aault 

salrrton were deterrninea oy change-in-range targets according to their oft'-axis 

orientation relative to transdUcer aiming angles. Swim speeas rungec rrom 

0.036 to 2.204 m/s, witn a grana mean ot' 0.601 m/s. 'l.'t1e e.sL:iniatec.i aol.i.lc. 

sal.raon iassage along the north bank for 22 days, betr,oteen 21 June anc 15 July, 

was 184,000 t'ish. 
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I!<ciROWCTION 

Salmon !isheries rranagernent in t11e two largest i·1esi:.ern AlasKa rivers, r.ne 

Yukon ano Kuskokwim (Figure 1) has oeen cornplicatec..i oy ractors c..;:1.:;.t prevent:. 

accurate determination ot stock strength and migrac.ory timing. Preaorr.inani:. 

among i:.nese r·actors incluoe tr1e extensive river rc1oum aelt.as witr1 rm.l.ltiple 

river channels, anri silty water ttiat precludes visual enurnerai:.ion o:r rrigratir1g 

salrr,on. The most intensive corrrnercial salmon harvest occut:"s in tne lci·1er J.00 

miies ot the main cnannels ot these rivers. Escaperr~~t in!onnation cannoc oc 

obi:.ainea until some stocks reacn relatively clear water spawning tributaries, 

otten hundreds ot miles upstream fran harvest locations in the lower reac11es 

ot the main river. In-season abundance assessment presently relies upon 

comparative cor.mercial r:isnery statistics and gill 11et rest r:isni11g conauc~eu 

by Alaska Department of Fish and Game (ADF&G) personnel. 'rne:se inc.irect 

assessnent.s are aitiicult to interpret, tr1us :rorcing management or tnese 

stocKs to oe on the conservative sicie; but even present menager.ient strategies 

may oe t.oo libet:"al. The need to·r accurate and timely oat.a for sa11non 

management resulted in a search tor reliable and airect aouncance incicacors. 

E'.scapernent estimat.es for a number oI Alaska rivers nave oeen aerivec: iron1 tne 

quant.itative use of riverine Sonar (l·lenin anu Paulus, 1~75) • .sonar wa.;., 

therefore, identiiieo as a possible methoc:. for saln1on enumeration in t.i1e 

Kuskokwirn ana Yukon rivers. In 1978 ana 1979, respectively, t.wo sonar systems 

\t1ere c.ievelopea that wet:"e sunsec~uent.ly tescea auring tnis teasibility stuay. 
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-1/ 
'fhe Bendix Corporation unaer contract to tt1e Alaska Departrnent at Fisn and. 

Game, developed a sonar unit in 1979 specifically designe~ to count aouit 

oalmon. The unit was termed "Acoustic Fan Scar1 Salrr.on Count:er ". Ii:.s 

operating characteristics are detaileG in Appenoix A. 

A general purpose sonar system was aeveloped oy BioSonics, 
2./

I11c:­ in 1978. 

'Jhe operating cl:aaracteristics at this system are detailed in Appenaix a. 

'J.'ne general p.irfOSe sys"Cern difters trcm the fan scan unit in "Cnat transuucers 

can .be _aii1ied at oblicJue angles to the river flow, proviaing cha11ge-in-rc;.nge 

information on targets. A second aifference is triat processea signals o.r tr1c 

change-in-range system can be recoroea on a cnart recoraer wnereas tne s11ore 

oased counter at the tan scan unit prints numerical couni:.s. One at c.i-:;,e major 

aavant.ages oi t.ne cnange-in-range technique is that while eriur.ierating ris11, 

the system displays upstream swimming fish, boat noise, river noise and 

do.>nstream moving targets as individually unique trace-types on echograms. 

This report summarizes the evaluation of the fan scan unit within the 

introductory section. 'Ihe major purpose of the report is to present results 

JI 
'Ihe Bendix Corp:>ration 

Bendix Ocea.nics Division 

15825 Roxford Street 

Syllllar, california 91342 

_2/ Biosonics·, Inc. 

4520 Union Bay Place NE 

seattle, washin91'0n 98105 
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of hydraacoustic research in the YUkon River in 1983 with the change-in-range 

sonar technique. • 

STUDY SITES AID FISHERY DE'SCRIPTION 

&JskoJswim RiVet,: 

The study site on the Kuskokwim River was 134 km (83 mi) upstream fran the 

nouth, or 8 km (5 mi) upstream from Bethel (Figure 2) • The overall wetted 

width (during high tide) of the river channel at this location was 675 m 

(2,215 ft.). A large sand bar interrupted this distance and extended nearly to 

the CJR?OSite shore. '!he resultant navigable width of the "U" - shaped channel 

was 230 m (755 ft.); maximum depth was 17 m (56 ft.). This site was used in 

1980 and 1981 

Fish Resourcea: 

All five species of Pacific salmon are indigenous to the Kuskokwim River 

drainage: chinook (Oncorh¥nchua. tshawV'tscha); sockeye (Q. ll!W<a.), coho (O~ 

i\liiit.ch), pink (Q.. gorbuscha) and chum salmon (Q.. l!.lttil.) • These are the 

species of primary commercial significance. Principal large non-salmon 

species found in the lower reaches of the main cha.Mel include several species 

of whitefish and cisco (Coregonus sp.), and occasional sheefish (Stenod.Js 

leucidtthys. 

CODmercial Fishery: 

The greatest amount of fishing effort and the largest commercial salmon 

catches occur fran the mouth of the Kuskokwim River to 108" km) 174 miles 

upstream- which defines the boundaries of the District 1 fishery. Set and 
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Figure 2. Location of the main river sonar site near Bethel, lower Kuskokwim River, 1980 and 1981. 



drift gill nets are the legal types of commercial gear operated in the 

Kuskokwim River-. Gill nets cannot exceed 50 fathoms in length. Nets are 

fished fran open skiffs averaging 7 m (23 ft) in length. 

Yukon Riw.t.: 

'lhe study site on the YUkon River was 198 km (123 mi) upstream fran the llKlUth, 

near Pilot Station (Figure 3). It is the narrowest reach of the main channel 

of the Lower Ytlkon River with stable banks. The profile of the channel is •/" 

- shaped and is not interrupted by islands. '.!be site is within the zone of 

major carmercial fisheries. 

Most of the hydroacoustic interrogations done in 1982 were frcm the south 

bank, where the channel width was 580 m (1903 ft). 'lhe major ~sis during 

the 1983 season was conducted slightly upstream fran the 1982 site, at the 

north bank. 'lhe channel width at this location was 670 meters (2198 ft). 

bsb Resourqo.11: 

All five species of Paci.fie 5alnal are indigenous to the Yllkon River drainage 

with chum salmon being the most abundant. It is estimated that chinook, coho, 

pink, and sockeye salmon follow in order of abundance. Principal large 

non-salmon S}?ecies found in the lower reaches of the main channel include 

sheefish and whitefish. 

rpntnerci,al Fisher¥,: 

Over 1931 km (1200 mi) of the Yukon River is open to commercial salmon 

fishing. Set and drift gill nets are legal types of gear in the lower river 

(from the mouth to 492 km (306 mi upstream); fishwheels are legal gear in the 
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Figure 3. Location of the main river sonar camps and study sites near Pilot Station, lower Yukon 
River, June and July, 1982 and 1983. 



uwer river. Most fishei:men operate sna.J.l outboard po.rered skiffs, 5 to 6 m 

(16-20 ft) in length. Awroximately 75 percent of the salmon are caught from 

the mouth of the Yukon River to 262 km (163 mi) upstream. 

Fan Scan Unit: 


Transducers of the Fan Scan system were designed to operate on the river 


bottcm and at a depth of at least 8 m. F.acb of the two transducers, spaced 15 

m apart, scanned llP'ards in a fan-shaped pattern by sequentially transmitting 

100 microsecond bursts of 300 KHz ultrasound from 32 individual ceramic 

elements for each of the 64 acoustic signals. 'lh.e criterioo to count as a 

fish was soley to exceed a predetermined voltage threshold. Numerical counts 

were printed out on a thermal paper tape from the shore-based echo processor­

Cllanile=rn-Rar1£e umt: 

The hydroa.coustic data aoquisitioo system consisted of a 420 KHz transceiver, 

a voltage thresholder, a chart recorder, one each 2°, 6°, and 10° transducer, 

a dual-axis rotator for transducer aiming and an oscilloscope for monitoring 

the system. The transceiver was a BioSonics model 101. It was selected 

because of its flexibility and long range capability- The high frequency (420 

kHz) was chosen in order to keep the cost and size of transducers at a minimum 

(for a given transducer size, cost and size decrease with an increase in 

frequency) - '!he high frequency also increases the target strength and allows 

the use of short pulse durations. Both of these features are desirable in 

riverine enumeration. 
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'lhe cha.rt recorder was the data collector. This was appropriate since fish 

were distributed such that they could be individually resolved. '.!he chart 
_j/ 

recorder used was an EPC model 3200S- It was chosen because of its 

flexibility, and large paper size (19.2 inches (48.8 cm) wide) .relative to 

other chart recorders. A threshold was placed before the chart recorder to 

allow only fish with a certain target strength to be displayed. This helped 

to achieve maximlln clarity of the display. 

calibration data is presented in Appendix c. Table C-1 and figures C-1 and 


C-2 - A wiring diagram is shown in Al;p?ndix Figure C-3. A sdlenatic of the 


change-in-range unit is sha.rm in Figure 4. 


BackgrQlllld Of Fan Scan Stiidi ea: 


Hydroacoustic assessment of adult salmon runs in the main channel of the 


Kuskokwim River was conducted with the Fan Scan unit in 1980 and 1981. Major 

problems encountered with the Fan Scan System in the Kuskokwim River are 

listed below. 

1- Transducer cables were frequently caught on bottan debris. Stresses 

used to free the cables resUlted in breakage or internal danage 

2. The heavy silt load of the river ma.de it necessary to retrieve and 

redeploy the transducer p:>ds every 3 or 4 days to prevent burial of the 

]/EEC Labs, Inc. 

5 Electronics Avenue 

Danvers, Massachusetts 01923 
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Figure 4. Multiple-hit sonar system block diagram showing the interrelationship of components 
and power supplies. 



pods. When a pod did becane buried, it was a very labor-intensive and 

time-consuming chore to free it" 

J. 	 A 1-2 m range in tidal fluctuation seemed to have had an adverse effect 

on the counting system. 'Ihe question of whether higher COWlts observed 

during the 1'1# and 1'1#& high tide hours were due to actual increases in 

the numbers of salmon sw:imning upstream, or to increased drift carried 

by swifter currents was not fully answered dlring the initial two years 

of field study. 

4. 	 Malfunctions occurred when air bubbles became entrapped in the 

transducers and when there were breaks in the electrical cables. 

S. 	 The unit accumulated many counts as a result of boat engine noise, 

debris in the water column, wave action and rain. There was no way, 

after the fact, to determine which were caused by fish versus other 

factors. 

6- Censoring the print-out counts (i e. subtracting suspect counts 

resulting fran debris, engine noise, etc.) was a subjective procedure 

largely based on the intuitive judgement of the c:bserver. Different 

observers censoring the sane sets of data may or may not have used the 

same set of value judgements to accept or reject questionable counts. 

COl!@rison Of Fan scan And Qiange-In-Range Unit.a.: 

Bydroacoustic feasibility studies were condlcted in the lcwer Yukon River near 

Pilot 	Station (Figure 3) in 1982. A change-in-range (general purpose) system 
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and the Fan Scan were used. 'Ihe general purpose system consisted of an echo 

sounder-receiver; transdlcers, a dual axis rotator, and a Ross chart recorder. 

'Ihe river was approximately 580 m wide at the counting location. 'Ihere was no 

tidal effect, but there was a very strong eddy caused by high discharge. '!he 

intensity of the eddying currents varied considerably within any hour. 

Only one transducer of the Fan Scan System was deployed because of concern 

that a near-shore unit would interfere with commercial drift nets. The 

transducer was deployed in 9 m of water, 126 m fran shore. MaXimum intensity 

of the eddy was in this zone. 

The general purpose transducer was secured to the rotator. Transdlcer an:l 

rotator assembly were mounted on a tri-leq base and deployed in 2 m of water, 

23 m from shore. It scanned sideways through the water colll1111'l and was angled 

approximately 45 degrees downstream to detect directional movement (i.e. 

change-in-range) fran target traces on the edlogram 

COwtts displayed by the Fan scan were associated with the intensity of the 

eddying currents; the greater the 'intensity the higher the counts and vice 

versa. 

Echograms of the other system displayed the riyer noise and directional 

targets as uniquely different canpo11ents of the processed signals. Echograms 

also showed that very few fish traces (upstream oriented) were in sampled 

sectors Of the water colurrn beycnd BO meters from shore. Therefore, it was 

coocluded that most of the Fan scan counts were a result of river noise. 
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Bac1ssrOW1d Of 1982-1983 CianQe-In-RanQe Studie.11: 


Most of the data collected in 1982 was fran the south ba.nk of the Yukon River. 


Information ccncerning the horizontal and diel distribution of adult salmon 

was obtained. The majority of counts were within 95 meters from shore. 

llydroacoustic scanning of the water column fran mid-charmel revealed few fish 

targets, (i.e. one fish per four hours). No consistent trend in diel 

distribution was c:bserved. 

The general purpose sonar system was tested again in 1983 fran the north ba.nk 

of the Yukon River (Figure 3). A total of 33 days was spent in operation at 

this site (13 June to 15 July). 

C*>jectiyes Of 'll!e 1983 Study_: 

The objectives were to determine the spatial and terrp:1ral distcib.Jtioo of 

adult salmon as well as the follcwing key catp>nents: target strengths; swim 

speeds; arriva.1 time (time between successive arrivals of fish entering the 

acoustic beam); and coefficients of variation of counts through time. All of 

these factors were needed to establish an enumeratioo program for the Yukon 

River. 

River Profile: 


Prior to the deployment of transducers into the water in 1982 and 1983. 


transects were run to determine the bottan profile at the site. A high degree 

of accuracy was needed, thus a method using a sextant and fathaneter was 
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devised (after Leveen 1979) to obtain the offshore distance for each depth 

reading. The method is detailed in Appendix D. Surface water current 

velocities were taken along the transects with a digital flow meter. 

Near-bottom river current velocities were estimated fran a vertical-velocity 

curve (U.S.G.S. 1982). The 95% depth (distance below water surface in 

percentage of total depth) was chosen, because it left a lower velocity 

stratum of water beneath it that allowed for fish passage. 

J;leplqwent Pi:ocedlre1;.: 

After the bottan profile was made, a site was selected at which to deploy the 

transducer pod. A wooden frame (Figure 5) was built for deployment and 

retrieval of the pod (Figure 6). The frame was secured within a 6.4 m(21 ft) 

skiff. A tag-line attached to the transducer pod was used to raise and lower 

it by passing the line through two snatch blocks. Power was suwlied by a 

hydraulic gurdy mounted near the bow of the skiff. 

The two rear legs of the transducer pod were hinged and had spring-loaded 

self-locking mechanisns. Depending upon which side of the skiff deployment 

was made, the inboard rear leg was folded up to avoid contact with the skiff 

and minimize the distance that the :pod was slung from the skiff. 

An underwater release hook was used to lower the pod to the bottom and release 

it. The tagline was buoyed to prevent entanglement with the transducer and 

rotator. A heavy nylon line was tied to the upstream oriented leg of the pod 

and ran to shore where it was secured to a tree. 

The three legs of the pod rested on the bottan- Transducers were mounted on 
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Counterweight 

Figure 5. Illustration of the boat crane used to deploy ana retrieve 
the transducer pod assembly. 



OVERHEAD VI Ell 

SIOE VIEW 

.., Attitude package 

Figure 6. l1Tustrat1on of the sonar pod. The three legs Tay f1at 
upon the bottom. 



the rotator so that they were scanning sideways. 'llle transducers were rotated 


on the horizaital axis to face about 45° downstream. 'this was oone to achieve 


the change-in-range effect. 


Change-In-Range: 


Sonar beams were -fitted into the vertical dinension of the water column and 


objects surpassing a threshold voltage were recorded as traces on the chart 


recorder echogram. These acoustic:: signals scanned the near shore and off 


shore regions. 'llle signals differed in (area coverage) size according to the 


beam width of the transducer used. Profiles of the river made previous to 


transducer deployment allowed careful positioning of the acoustic beams. 


conceptual diagrams of beam fitting are presented in figures 7 and B. 


By aiming the main axis of the transdlcer da.mriver, fish moving upstream were 


displayed as long to short traces on the echogram (Figure 9) • '!bat is to say, 


they entered the sonar beam at a certain distance from the transducer and 


exited the beam at a distance that was closer to the transducer. Conversely, 


objects moving downstream through the acoustic screen were displayed as short 


to long traces (Figure 10). 


Enyiraunental Cl:>servationa: 


Daily enviroomental observatioos were recorded. 'lllese included air and water 


tenperature, wind direction and velocity, wave height, total observed sky 


cover, precipitation, surface water velocity, as well as water level data. 


'.!he format is shown in Appendix E. 


River Height: 
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Figure 7. Rotation of the 2° transducer for detennlnlng the vertical distribution of salmon. 
North bank, lower Yukon River, near Pllot Station, 1983. 
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Figure 8. Rotation of the 6" transducer for determining the vertical distribution of salmon. 
North bank, lower Yukon River, near Pilot Station, 1983. 



RIVER BANK 


path of llsh ewlmmlng upslream 

lhrough Iha aoouallo beam 

Figure 9. Illustration of a fish swi.,.ing upstream through the acoustic beam. It is being hit a 
multiple of times by the acoustic signal. The fish enters the long axis of the beam and exits through 
the short axis, leaving a "long-to-short" directional trace on the echogram. (After Acker and 
Hendershot, 1979). 
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Figure 10. Echogram showing upstream (long-to-short) and downstream 
(short-to-long) moving targets. 



A daily record ...s kept Of the water level Of the river. A stake was set at 

the shoreline a1 the first day at the canpsite. Nylon twine was tied tightly 

around the stake. Distance fran the twine marker to the water level served as 

the zero or starting level. successive measurements were added to or 

subtracted fran this distance. A hand level was used to determine changes in 

water level over horizoo.tal distances fran the original stake and marker ­

i».ta l\o;Dlisition: 

Data collection began on 21 J<me and continued through 15 July. except for 3 

days due to equipnent failures. 'Ihe sampling interval was one hour 1 that is, 

the tiJJle duration fran the start Of one set Of sanpling periods to the start 

Of another set. Fach sampling period was 15 minutes long and was unique in 

the region that was insonified and/or the transdlcer used. As many as three 

periods per hour (sampling interval) were sampled. 

System status information that was recorded on the chart paper at the 

beginning of each sampling period is presented below. 

Date 

Locatim 

Operator 

Time Of day: fran to 

Oiart recorder channel 

Oiart recorder paper speed 

Transducer 

Rotator aiJJling angle: X = Y = 

sounder: Transmit p<Mer (dB) 


Receiver gain (dB) 

Pulse width (ns) 

Band width (kH3 

Blanking distance (m) 

Range setting (m) 

separation (m) 


Threshold: (Volts) 

The remaining time after sampling was used to log data and perform 
' .

r'fl,Cl ('\--~ ('"'._""\,.': c ,:z, ~ 
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Sampling periods (15minute blocks of time) were selected throughout the study 

for detailed analysis of horizontal, vertical, and hourly distribution, time 

between successive arrivals, the optimum dlration of the saiq;ile pericxi, anci 

fish swinuning speed. Data collected from echograms for these periods 

included the following: 

1. 	 Distance offshore at which the fish entered the beam. 

2. 	 Distance offshore at which the fish exited the beam. 

3. 	 Angle of the trace that the fish left an c.he paper relative to the zero 

line. 

When the above-listed information was matched with chart size, chart speed, 

and range displayed, the total time that the fish was in the beam was also 

calailated. With this information, the time between the entrance oi each fish 

into the beam was calculated. 

All reported distances offshore were perpendicular to the shoreline. 'lhey 

were corrected fr an slant range by the forrrula: 

\' (1-·d ji 	 \ 
D ji = (- 487 .S . ) ( Ti ) ~so)\=(~+ (o.sJ 

where corrected: Dij = Offshore distance (in meters} for the j th fish in the 
ith period. 

dij = 	The distance in mm from the zero line on the chart 
recorder to the first mark left by the fish. 

Ti = 	Olart recorder time base in seconds Wring period i. 
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4 = The angle {degrees) at which the transdlcer was aimed 
upstream or downstream relative to a line drawn 
perpendirular to the shoreline. 

,,.( = Beanwidth used (degrees) 

487 .5 = Chart recorder paper width (Illil). 

750 = round trip velocity of sound in m/sec. 

Horizcntal Distribution: 

Corrected offshore distances (Dij) were grouped into 5 IN;!ter strata. 'Ihe 

number of detections were normaJ.ized to compensate for the eifect of beam 

spreading; tnat is, the area of the acoustic beam increases with distance. 

Areas included in each 5 m interval were calculated by the formula: 

Ari = Area (m2 ) within sector n. 

rn = Distance in meters fran the transducer to tne outer eoge of 
sector n. 

cf...= beam width in degrees. 

Normalizing constants for each sector were then found by: 

AJ 

where: 
Cn = Noanalizing constant for sector n. 

Ai = Area in m2 for sector 1 



Jl.,i = Area in m2 	 for sector n 

Norma~i.zing constants are presented in Appendix F, tables F-1 ane1 F-2. 

Vertical Distribution: 

Vertical distribution of upstream migrants was examined. Data were collectea 
during sanrpling periods when bottom, middle, and surface regions (strata) were 
interrogated consecutively over a series of sanpling intervals. 'Ihe number of 
upstream migrants in each statum was averaged over the nwnber of periods 
sanpled. 

'lhat is: C; j 
Nij = Pij 

where: Nij = 	 Ave~ag~ number 9f upstream migrants oetected in stratum i 
during interval J• 

Cij = Nl.Jnd:Jer of upstream migrants in stratum i Wring interval j. 

Pij = Nl.lnDer of periOdS sanpled in stratum i during interval j. 

Diel Qistribution: 

The time of day of upstream fish movement was examined to deterrr.ine whether 
there was a consistent daily pattern of fish migratory behavior. Hourly 
counts were normalized by IMking: the highest hourly count of each day equal to 
1.0 and 	then calculating normalized counts as: 

C; j 

= Hj 


where: 	 Nij = Normalized count of upstream migrants in period i an day j. 
Cij = Count of upstream migrants in period i on day j. 
Hj = Highest count on day j. 

'lhe normalized data were then plotted by hour of day as a scattergram. 

Saupling Time Analysis: 

The objective was to determine the rninimJm length of time in minutes of the 

basic sampling unit. '!his unit is the amount of time spent using a single 

transdlcer to cover a single specific stratum. 

Echogram data were analyzed by using the coefficient of variation (C.V.). 



'Ibis statistic is used to express the standard deviation as fraction of the 

mean, measuring. relative as opposed to absolute variability. It is defined 

c.v. = 100 s/x, where: 

• 




s = the standard deviation 

X = the mean. 

'!he standard error of the coefficient is defined as: 

s.E.c,v.=~-(1+2 (~~~- 2
) 

Sampled time blocks on echograms were divided into 3-minute periods for 

interrogations conducted with the 2u and the 6u transducers. The 2u 

transducer interrogated three strata of the water colwnn: near-surface, 

mid-water, and near-bottan, while the 6Q transdlcer scaMeci only the mici-water 

stratum. 

Upstream oriented targets were enL110erated for each 3 minute period. Eighty 

3-minute periods were sanpled with the 2u transducer, covering 7 hours during 

2 and 3 July 1983. Seventy-nine 3 minute periods, were sanpled with the 6" 

transdlcer, for a total of 9 hours on 25 June and 10 hours during 2 and 3 

July. 

Coefficients of variation were determined for 3 to 30 minute time blocks in 3 

minute steps. That is, 3 minute periods were combined to form 6 minute 

periods, again to form 9 minute periods, etc. 

Arriyal Time Analysis: 

The objective was to classify the spacing of fish as random, regular, or 

contagious, by measuring the time between successive arrivals of upstream 

lq 
~ 



migrants fran echogram traces. 'lhe chart speed Of the recorder was known, so 

the distance between targets was converted to time in seconds. 

Arrival time density was classified as low, medium , and high. Each arrival 

time density distribution was compared with a Poisson distribution and 

subjected to a Oii-square goodness-of-fit test for agreement. 

The purpose of fitting a Poisson distribution to nunbers of rare events in 

nature is to test whether the events occur independently with respect to each 

other (Sokal and Rohlf 1969) • Agreement with a Poisson distribution is the 

accepted. test for randomness (Elliott 1971) • Although no tests can prove 

randanness, agreement with a Poisson distribution means that the hYfX>thesis of 

randanness is not disproved (Elliot op. cit.). 

How a population is dispersed spatially and temporally determines the 

relationships between the variance (02 ) and the arithmetric mean (u) as 

indicated below (Elliot op. cit) : 

(1) Randan distrtibution: variance is equal to the mean, 

(2) Regular distribution: variance is less tna.n the mean, 

(3) contagious distribution: variance is greater than the me.an. 

Transducer Aimina; 

Target strength and swim speed analysis were dependent upon the 

downstream angle of the acoustic axis of the sonar beam. Angular 

positioos were determined by placing the transducer pod an the beach and 

orienting it in the plarmed deployment attitude. The transducers were 

aimed straight across the river {perpendicular to the shoreline) and 



angular coordinates were read fran the dual-axis rotator control box, 

which provided a reference for all other aiming p:>sitions. 

Target Strength: 

Target strength is a measure of the amount of energy reflected relative 

to the arrount of energy incident on the target. Formal definition is 

covered in Burczynski (1979). '.!he target strength of an individual fish 

at a given frequency is a fl.Ulction of the fish's position in the beam 

and the angle at which the fish presents itself referenced to the 

acoustic axis (center of the beam) • Target strength is an important 

parameter for consideration during any hydroacoustic study since the 

mean target strength will aid in the selection of an efficient thresnold 

'to allOW' the clearest chart presentation and e·stimatian of the effective 

transducer beam angle. 

'llle procedure used was the indirect technique tor estimation or the mean 

acoustic back scattering cross section (Ehrenberg, et al. 1981). The 

procedure needs only to have peak echo voltages fran each fish Wring 

the sampling period, and system calibration information. Peak ecno 

voltages were read off of an oscilloscope screen by technicians at 

various periods throughout the season and tabulated into distributions 

(Appendix Tables G-1 to G-4). The peak of the distribution is then 

chosen as a minimwn acceptable voltage <Emin) and all subsequent 

voltages (Ej) are divided by this (Ej/Emin 1). The peak of the 

distributiai is chosen as Emin so as to eliminate bias by recording only 

those signals greater than the backgrol.Uld noise (Wiemer and Ehrenberg, 

1975). 'llle statistic E2 is then calculated as tollows: 

-y 
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N 
=:::: (Ej/E minl 2, where Ej/E min 2 1 
j=l 

Using curves provided in Ehrenoerg, et al., the corresponding value of A is 
foW'ld, where A is the amplitude of the scattering cross-section. Finally, the 
mean target strength is foW'ld by: 

TS~ 10 	log 

Where C is a constant determined during system calibration. 'lbat is, 
C = SL + G x + P + G - 40 log R 

where: 	 SL = Source Level 

Gx = 'lhrough system gain 

P = Transmit power setting 

G = Receiver gain setting 

R = Range (m) setting dlring calibration 


Target strengths were calculated for four different periods Appendix H. 

Maximum target strength occurs when the side aspect of the fish is 

perpendicular to the acoustic axis; this is the normal reference point. 

'Iberefore, the initial target strength estimates had to be corrected ior 

the mean fish approach angle to the acoustic axis during sampling 

periods in order to estimate fish swimming speed. 'Ibe mean off-axis 

angle, for each period, is listed in At;pendix Table H-1. 

Dahl (1982) measured and plotted smoothed mean target strength as a 

fW'lCtion of oft-axis angle for a number of insonifications of one each 

40 cm, 52 cm, and 61 cm salmonids. We used one of these plots in which 

the drop in dB fran the rraximum fish target strength was displayed at 10 

degree intervals. The data, derived from Dahl, are presented in 

At;pendix Figure H-1. A linear regression of these data, in the form: 



Y=aibX 

where: Y = drop in dB fran maximum target strength 
a = intercept 
b = slope 
X = angle (degrees) from perpendicular to side aspect provided a 

correction factor for the approach angle. 

'lbe regression equaticn is: 
y = -0 .10788 - 0 .24034X 

R2 = 'JI D.944 

This equaticn serves as a means of estimating the corrected off-axis angle of 

fish swinming upstream through the acoustic screen. 

SWirmling Speeds: 

Fish swimming speed was used to evaluate the size of the beam, the p.ilse 

repetition rate and cnart speed needed to best identify fish. swim speea can 

also be used to estimate residence time for total abundance estirnaticn (Clark 

and Clark 1983). 

For example, if .the average swim speeds for chinook and churn salmon, 

respectively, are known for the lower reaches of the Yukon River (i.e. in 

ccmnercial fisheries management districts Y-1, Y-2, and Y-3), then the elapsed 

time that a pulse of one, the other or both species will remain in the 

respective districts can be estimated. This information, coupled with 

abundance estimates expanded through time, and estimates of commercial and 

suosistence harvest, may provide instantaneous rates of fishing mortality ana 

escapements partitioned by fishing district. 

Representative periods were selected over a numl:er of days. Fish speeas were 

calculated for 21, 23, 25, 27 June and 2 and 3 July 1983. The proceoure tor 



determining swim speed is presented in Appendix I. A computer program, 

written in BASIC, for calculating fish swirmning speeds is presented in 

AH;Jendix J. This program uses the methods and procedures outlined in Afpendix 

I. 

eQundance 	Estimates: 

A 15 minute period each hour (occasionally one pericx1 every other nour) was 

used to estimate rate of fish passage. counts were expanded to give a mean 

count per hour, and these in turn were expanded to give 24 hour counts. 

A power curve of the form Y=axb was fitted to horizontal distrioution data 

fran 22 June and 2 July for strata 2 to 6 (i.e. 5 to 29.9 m). Curve values 

were converted to annulative proportion by 5 meter intervals as measured from 

the transducer (Table 1). This provided an empirical model for use in 

expanding counts. 

Areas of acoustic teams were determined within sanpled zones by the formula: 

<621. 
A = c.sr2) 180 

where: r 	= Distance in meters fran the transducer. 
= Beam width in degrees. 

Areas of the sarrpled zones were determined fran river profile data, which were 

reducea to standard geanetric canponents. Areas of the canponents were surnned 

tor sanpled zones. 



l T.:!lble 1. P[Clp>[tion of t.a[gets counted~ [an;ie in 5 llE!te[ inte[vals f[an the t[ansdJce[ to 59.9 mete[S St[aight-[&l'qe distance tCloN!rd mid-channel. 

Rarqe f[an 'lansdJce[ towa[d Hid-<llannel 

0-4.99 5-9,99 15.19,99 20-24.99 25-29.99 30-34.99 40-44.99 45-49.99 50-54.99 55,59.99 

P[opo[tian .85436 .08095 .01315 ,00767 .00499 .00349 .00196 ,00154 .00125 .00102 
-----------------------------------------------------------------------------------------------,--

Cwnulative ,85436 ,93531 .96237 .97552 .98319 ,98818 .99166 .99773 .99898 1.00000 

0 
1/ Oat.a sou[ce: 6 t[allSd.Jce[; ho[izcnt.al cti.st[ibution; 6/22/83 at cha.rt reco[de[ second/sweep= 1/41 and 7/2/frl at Cfla[t [eco[de[ second/sweep• 1/ 

b 
2/ E'Owe[ o.i:rve: 	 Y .. a x whe[e 

Y = estimated p[opo[tian ~ stratun 
a= 6380,99432, [eg[essicn coefficient 
x =stratlml mid-point 
b = 2.14502, [egreBSion coefficient 

2 

R = 0.975 


3/ TI:ancilcei: deployed 24 m f[an no[th bank sho[e at a depth of 2.5 m. 

http:ho[izcnt.al
http:55,59.99
http:50-54.99
http:45-49.99
http:40-44.99
http:30-34.99
http:25-29.99
http:20-24.99


Both upstream moving targets and downstream moving targets were detected 

within the insonified zone. Verification of dual directional movement of 

salmon was provided with a set gill net. 'lhe procedure that we followed was 

to subtract downstream moving targets f ran upstream moving targets ior each 

sampling period. 

Daily abundance estimates were deterrr.ined by the following formulas: 

I\ CS/BJ E 
T = :f'.p 

I\
where: 	 T = Estimated number of i:1sh per 24 hours. 

S = Total area sampled (m2) • 
B = Area of acoustic beam (m2). 

e:, 
E = 24 (Xk), the unweighted count expanded for 24 hours. 

N 
:£._Xj 


j=l 


=----.,---(4) , the estimated mean number of cowits 

per 15 minutes expanded to 1 hour. 
~p = cumulative proportion weighting tactor obtained fran Table 1. 

RESULTS 	 AND DISCUSSION 

River Profile: 

Data from a 40° slant range transect (i.e. looking 4ou Cownstream irom 

perpendicular to the direction of river tlow) were used to determine areas of 

insonifiea zones. Slant range distances along this transect were converted to 

straignt off-shore distances. The resultant profile of this tran·sect is 

depictea in Figure 11. 
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Figure 11. Straight range profile of the Yukon River, near Pilot Station, converted fro• 
a 40" slant range transect based frOll the north bank sonar site. July 1!183. 



The maximum dist:_a,nce fran the transducer that was sarrpled was 250 meters (820 

feet) slant range or 150 m (492 ft) straight range distance. 'llle transducers 

were deployed 24 m from shore, so the maximum straight-ottshore distance 

sanpled was 174 m (571 it). 

River Height and Surface Velocities: 

The water level of the Yukon River fluctuated to a large extent fran lac.e l·.iay 

to mid-July 1983. The record of water levels is presented in Figure 12. 

Surface velocities are listed in Table 2. 

'!he "ater level drowe<] 46 cm (18 in) from 30 11ay to 6 June, then it rose 119 

cm {47 in), reaching a I;Eak on 17 June. ~'later levels declined thereafter by 

163 en (64 in), reaching a low on 2 July. 'l'he water level rose and tell 

within a 9 en (3.5 in) range from 2 to 15 July. The sonar pod was not 

deplC1jed from the south bank in 1983, because of a building sand bar and 

fluctuating water level. 

Surface water velocity apparently affected the frequency of occurrence of 

salmon counts in near-shore versus off-shore zones. This subject will be 

disOJsseci further in the follON'ing section. 

HorizC¥J,tal Distribution: 

The maximum straight offshore distance that an upstream moving target was 

aetected, was 84 m (or 60 m fran the transducer, which was located 24 m from 
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Figure 12. Measured fluctuation o! the water 
level; lower Yukon River, near Pilot Station 
!rom 30 May to 16 July 1963. 
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insonified zones. Slant range distances along this transect were converted to 

straight off-shore distances. The resultant profile of this transect is 

depicted in Figure 11. 

The maximum distance fran the transducer that was sampled was 250 meters (820 

feet) slant range or 150 m (492 ft) straight range distance. 'lhe transducers 

were deployed 24 m from shore. so the maximum straight-offshore distance 

sampled was 174 m (571 ft). 

Riyer Heiaht and SUrfare Velocities: 

The water level of the Yukon River fluctuated to a large extent fran late May 

to mid-July 1983. The record of water levels is presented in Figure 12. 

Surface velocities are listed in Table 2. 

'lhe water level drowed 46 cm (18 in) fran 30 May to 6 June, then it rose 119 

cm (47 in), reaching a peak on 17 June. water levels declined thereafter by 

163 cm (64 in), reaching a low on 2 July. The water level rose and fell 

within a 9 cm (3-5 in) range from 2 to 15 July The sonar pod was not 

deployed from the south bank in 1983, because of a building sand bar and 

fluctuating water level. 

Surface water velocity apparently affected the frequency of occurrence of 

salmon cotmts in near-shore versus off-shore zones. This subject will be 

discussed further in the foll<><ing section. 

HQrizrota,l Distribution: 
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'Ihe ma.ximlm straight offshore distance that an upstream moving target was 

detected, was 84 m (or 60 m from the transducer. which was located 24 m fran 

shore)~ Results obtained in 1982 from the south bank of the river, where 

indicated that virtually all fish targets were detected within 93 m fran 

shore. 

The maximum straight-offshore distance that a non-directional target was 

detected in 1983 was 113 m. The maximum straight range distance from the 

transducer that was sanpled, was 150 m, given a 53° downstream aiming angle. 

'Ihis correspcnds to a slant range distance of 250 m (note that the maximum 

range of the Bic>'l<Xlics Model 101 transceiver was factory set at 250 m) • 

The distinction between "straight-offshore distance 11 and '"straight range 

distance fran the transducer" is a matter of how far the transducer is from 

shore. For example, a transducer is deployed 10 m offshore and aimed 30° 

damstream. A target is seen at Som along this aiming angle; this is the 

slant range distance. The cosine of aiming angle Imll.tiplied by 50 m equals 

the straight range distance, 43 m, fran the transducer. 'Ihe transducer is 10 

m fran shore. so the target's straight offshore distance is 53 m­

'Ihe frequency of fish occurrence was higher near the transducer {near shore) 

and decreased with distance offshore. Surface current water velocity 

increased with distance fran shore. Horizontal distribution data collected 

with the 2 degree and the 6 degree transducers at various ranges through time 

are presented in Figures 13 to 18. 
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Figure 13. Horizontal distribution of adult salmon 
observed from the north bank sonar site. Nonnalized 
mean values of the frequency of occurrence by stratum. 
Sample size • five 15-minute periods from 0600 to 
1030, ZZ June 1983. Collected with a 6 degree 
transducer at 1/4 second/sweep of the EPC chart 
recorder (pulse repetition rate • 4); sampled
range • 138 m. Mid-water scan. Lower Yukon 
River, near Pilot Station. 
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Figure 14. Horizontal distribution of adult salmon 
observed from the north bank sonar site. Normalized 
mean values of the frequency of occurrence by stratum. 
Sample size • nineteen 15-mlnute periods from 0015 
to 2230, 26 June 1983. Collected with a 6 degree 
transducer at 1/16 second/sweep of the EPC chart 
recorder (pulse repetition rate• 8/second); sampled
range • 35 m. Mid-water scan. Lower Yukon 
River, near Pilot Station. 
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Figure 15. Horizontal distribution of adult salmon 
observed from the north bank sonar site. Normal fzed 
mean values of the frequency of occurrence by stratum. 
Sample size • two 15-minute periods from 1730 to 
1945, 2 July 1983. Collected with a 2 degree 
transducer at 1/16 second/sweep of the EPC chart 
recorder (pulse repetition rate • 8/second); sampled
range • 27 m. Near-bottom scan. Lower Yukon 
River, near Pilot Statton. 
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Figure 16. Horizontal distribution of adult 
salmon observed from the north bank sonar site. 
Normalized mean values of the frequency of occurrence 
by stratum. Sample size• four 15-minute periods from 
1415 to 2030, 2 July 1983. Collected with a 6 degree 
transducer at 1/16 second/sweep of the EPC chart 
recorder (pulse repetition rate• 8/second); sampled 
range • 27 m. Mid-water to near-bottom scan. 
Lower Yukon River, near Pilot Station. 
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Figure 17. Horizontal distribution of adult salmon 
observed from the north bank sonar site. Normalized 
mean values of the frequency of occurrence by ·stratum. 
Sample size • three 15-minute periods from 1645 
to 2100, 2 July 1983. Collected with a 2 degree 
transducer at 1 /2 second/sweep of the EPC chart 
recorder (pulse repetition rate• 2/second); sampled
range • 150 meters. Mid-water scan. Lower Yukon 
River, near Pilot Station. 



Figure 18. Horizontal distributfan of adult salmon 
observed from the north bank sonar site. Nannallzed 
mean values of the frequency of occurrence by stratum. 
Sample size •twelve 15-minute periods from 2200, 
11 July ta 2200, 13 July 1983. Collected with a 6 
d99ree transducer. Oscilloscope counts (upstream
moving targets only). Sampled range• 99 m. 
Trigger Interval from 0.1 ta 0.2 second. Mid-water 
scan. Lawer Yukon River, near Pilat Station. 



Lew fish target frequency in the 0-5 meter range depicted in Figures 13 and 17 
-

can be are attributed to the nondetection, because of the lower pulse 

repetition rate required to sample greater ranges. The ping rate for 

frequencies depicted in Figure 13 was 4 per second while that for Figure 17 

was 2 per secaid. Because the beam area is small near the transducer, fish 

targets have less time in the beam 

On the other hand, the low number of counts observed in the 0-5 meter range, 

depicted in Figure 14 (26 June 1983), appears to reflect the actual fish 

density near shore. '!his is considered a low density rate of fish passage. 

Data collected with a 2" and a 6° transducer through alternating time blocks 

on 2 July 1983. are presented in fiqures 15 and 16. respectively. Aiming 

angles and sampling ranges were the same for both sets of interrogation. 

Distributions illustrated are considered high density rates of fish i;:.essage. 

oscilloscope counts pres4=nted in Figure 18 were also considered a high density 

rate of fish passage. 

An interpretation of data presented in figures 14, 15, 16, and 18 is that 

during periods of low density fish passage, fish cluster less within the 

relatively narrow zone (20-25m) of low velocity current, than wring periods 

of medium and high density passage. '!be mean and standard deviation of 

surface current velocity over the transd.Jcer m 6/la,-'83 was 50-4 ± 12-1 cnv'sec 

(1.65 ± 0.40 fps). On the same date, current velocities ranged fran 135 

cm/sec (4-43 fps) to 180 cm/sec (5.91 fps) at 25 to SO meters toward 

mid~nnel, respeCt.ively, fran the transducer. 
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The data indicate that fish target density decreases and surface water 

velocity increases as a functioo. of distance fran nearshore to offshore. 'lhis 

relationship is shown in Figure 19. The critical surface water velocity, 

above which upstream moving targets were not observed, appears to be 

approximately 132 cnVs (4.33 fps). 

However, the respective 95% depth river current velocity, given this 

"critical" surface velocity (132 cnVs), is estimated at 69.5 cnVs (2.28 fps). 

The 95% depth velocity for the observed surface velocity Of 180 cm /s is 

estimated at 94. 7 cnVs (3.11 fps). 1hese estimated near-bottom velocities are 

well within tolerance limits of adult salmon (chinook, coho and sockeye) 

cruising speeds (Bell 1973). While Bell (op. cit.) does not include chum 

salJlltll in his figure Of relative swinming speeds, we have captured chlUllS along 

with chinook and/or coho in swift currents of the Lower Yukon River study 

area. 

"nle definition of •cruising speed,• provided by Bell (op. cit.) is "one that 

can be maintained for long periods of tine (hours),• i.e. migration. Other 

classifications of swimming speeds described by Bell (op. cit.) ace. 

•sustained sp:ea.,• which is •one that can be maintained for minutes,• i.e. 

passing through difficult areas; and "darting speed, 11 "a single effort, not 

sustainable,• i.e. sw~ng fcan cock to rock. 

Therefore, the inference is that salmon could be further offshore, close to 

the bottan and undetected. This is possible, because the transducers are 

mounted on a frame and scan sideways through the water column, from 

near-surface to near-bottom. 'lbe acoustic beam is conical, so when it is 
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aUned toward the bottan the widest part of the beam will hit the substrate 

first regardless of the range. 5cann.ing closely alaig a rocky bottan results 

in an ech.ogram covered with •noise" marks from the resultant multi-pathed 

echoes, which may, in fact, also include partially concealed fish traces. 

'lh.e acoustic beam cannot follow bottan contours, so fish that may be swimning 

between outcroi:pings at different ranges fran the transducer, may or may not 

be recorded on echograms depending upon size Of fish, body surface area of 

fish exposed to the acoustic beam, water depth, and size of the outcrawings. 

Results of this phase of, the study will help to determine optimal 

stratification of sampling effort. '!hey also indicate that new methodologies 

are needed to sample closely along river bottoms, where contours permit, to 

account for salmon in this difficult-to-sample-zone. 

Vertie.al DigtributiQll: 

Numerical dominance of fish between near-surface and near bottom strata was 

variable and switched back and forth through time. This variability is 

graphically illustrated in figures 20 - 22. No caisistent trend in vertical 

distributiai was demonstrated by the data. 

One surface and one bottom stratum were sampled each hour over a period of 

hours or days. Data from this sampling schedule, the first sample (e.g. 

near-surface) followed by the second (near-bottom) etc., were tested for 

autocorrelation. Scattergrams of •nearest neighbor" plots are presented in 

figures 23 and 24. Resulting low coefficients of correlation indicate that 
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Figure 20. Vertical. distribution of adult 
aal.mon obaerred during fourteen 15 minute 
periods from 2000, 26 June to 2400, 
27 June 198,. Collected with a 2 degree
transducer at 1/4 second/sweep. North 
bank site. Lower Yukon River, near 
Pilot Station. 
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Figure 21. V91'tic&l distribution o:r adu1t 
salmon obsel:'Ted during twenty 15 minute 
pel'ioda from 1700, 1 July to 1000, 3 July 198,. 
Collected with a 2 degree transducer at 1/16
second per sweep. !forth bank site. Lover 
Iull:on RiTer, near Pilot Station. 
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Figure 22. Vertical distribution of adult 
salmon observed during 96 15-mlnute periods 
from 0000, 14 July to 2400, 15 July 1983. 
Collected with a 6 degree transducer. Range 
was 55 meters. Oscilloscope scan. North 
bank site. Lower Yukon River, near Pilot Station. 
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Figure 23. Relationship between "nearest neighbor" 
counts of adult salmon In the lower Yukon River 
(I.e. the first 15 minute surface count followed by 
the first 15 minute bottom count, ate.). Collected 
with a 2 degree transducer. Range 27 meters (straight).
Oate: 2 and 3 July 1983, near Pfl ot Station; 
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Fl gure 24. Relationship between "nearest 
neighbor" counts of salmon in the lower· 
Yukon River (i.e. first 15 minute surface 
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bottom count, etc.). Collected with a 6 
degree transducer. Range 58 meters(straight). 
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one cannot predict abundimce distribution throughout the water column from 

sampling a single stratum. It is not known whether variability in numerical 

daninance is a randa!t behavioral component or is patterned by species and 

stock mixtures and/Or current velocity influences. 

Diel Distribution: 

Data collected over a 13 day period indicate no consistent trend in daily 

passage (Figure 25). '.Ill.is is consistent with results obtained at the south 

bank of the river in 1982 The lack of a diel pattern means that sampling 

effort must be spread uniformly through each 24 hour period. 

SMpling Time llnal,ysis: 

A total ·of 79. 3-minute echogram tillle blocks were examined from data collected 

with the 6° transducer. The region of interrogation was midwater to near 

bottom. A total of 1621 fish were detected during the sampling period. '.!he 

coefficient of variation (C.V.) decreases slowly over pooled time periods with 

a minor plateau at 15 minutes, but begins to rise again at 24 minutes. 'lhe 

plateau at 15 minutes may be an artifact of the 15 minute sampling periods 

that were used for data collectioo.. 'lhe standard errors of c.v. were large 

for all periods and had considerable overlap with each other (Figure 26, 

Appendix Table K-1). 

Analysis of data for the 2° beam represented interrogations of the 

near-surface, mi~ter, and near-bottom regions. A total of 30, 3-minute 

samples were examined for the near-surface region, in which 57 fish were 

-31­



1. 0 

0.9 
0.8 

"' ~ 0.7 
8 0 6 
~ . 
ao.s 
"' ~ o. Ll 

I 
A 

~:~ 
0.1 0 0 
0.0-+-.-..--r--,.-,,-,-.---r-..--.--.--.-..-.--.--.r-r-r-...-r-r--,--,-. 

I 

6 8 10 12 1Ll 16 18 20 22 21!0 2 
'?!ME Oi' DiY (HOURS) 
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aite. Lower Yukon River, near Pilot Station. 
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detected. 'Ihe c.v. reaches an initial leot point at 12 minutes and subsequent 
-


lower values at 21 and 27 minutes, respectively (Figure 27). 'Ihe standard 

errors of c.v. are uniformly small relative to the large range in values of 

the C.V. 's (Awelldix Table J-2) • 

A total of 25, 3-minute samples from the 2° scan of the midwater region 

include 78 fish detected. 'Ihe le.test point is located at 18 minutes (Figure 

28) • The standard errors of CV are of moderate size initially and becane 

progressively larger. 'Ihe range of the c.v.•s is smaller than that observed 

for the near-surface regiC11 (Appendix Table K-3). 

'Ihe 2° scan of the near bottan region was caripcised of 25, 3-minute samples in 

which 33 9 fish were detected. 'Ihe le.test point is at 24 minutes (Figure 29) • 

'Ihe c.V. • s for this region had the narrowest range of values in canparison to 

the midwater and near-surface regioo.s. However. the standard errors of c.v., 

though carparable to those of the near-surface in absolute terms, were very 

large in relative terms (Appendix Table K-4) , indicating ImJch overlap and 

littie distinction among pooled time-groups. 

All data for the 2° beam from near-surface, midwater. and near-bottom were 

pooled and a new set of c.V. 1 s was produced. 'Ihe values of these c. V. 1 s were 

high and had a narreot range. 'Ihe le.test point was at 21 minutes (Figure 30). 

'Ihe standard errors had a broad range and were high (J\Welldix Table K-5). 

These results imply that the optiffiWll sampling time is between 18 and 27 

minutes, with a mean and standard deviatioo. of 22 ± 3.5 minutes. 'lhe lowest 

point on the c.v. distributions indicates that if more time is spent in a 
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F1gure 27 Coefficients of variation by successive 
3-minute time blocks. Near-surface scan. Collected 
with a 2 degree transducer from 1500, 2 July to 0315, 
3 July 1983. Lower Yukon River, near Pilot Station. 
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Figure 28. Coefficients of variation by successive 
3-minute time blocks. Mid-water scan. Collected with 
a 2 degree transducer from 1515, 2 July to 0130, 3 July 
1983. Lower Yukon River, near Pilot Station. 
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Figure 29. Coefficients of variation for numbers 
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Near-bottom scan. Collected witll a Z degree
transducer from 1530 Z July to 0145 3 July 1983. 
Lower Yukon R1ver, near Pilot Station. 
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particular sampling region, additional infor:mation will not be gained and the 

variance will nat decrease. '.!he aRJropriate allocatia> of total time between 

sampling regions is not indicated in the analysis. 

Arciyal Time AnaJ,ysis: 

Results of the Chi-square distributioo. were significantly different fran the 

Poisson distribution ('!able 3). 'Ille following relationships were determined 

for the mean and variance of the classified density distributioos: 

1. 	 Low density - mean = 53 • 53 secaids 

variance = 5875.42 

2. 	 Medilllll density - mean = 20.35 secaids 

variance = 697 .44 

3. 	 High density -. mean = 7.68 secoods 

variance = 86.28 

In accordance with definitions given by Elliott (op. cit.), distributions of 

passing fish were considered a contagious type. 'lhe time between successive 

arrivals ranged fran O (sllmlltaneously) to 571 seconds. The mean number of 

seconds between successive arrivals for low, medium, and high density fish 

passage was 53.5, 20.4, and 7.7 seconds respectively (Figures 31 to 33). 

These densities reflect an index of fish passage rate per 15 minutes. 'lhe 

approximate rates are 17, 44, and 117 fish per 15 minutes, respectively. 
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Table 3. d1i-square goodness of fit test for arrival time 
distributions. -oat.a collected fran the north bank, low-er Yukon P.iver, 
near Pilot Station, June and July 1963. Time group refers to fish 
w.hose time intervals (in seconas) between suce.ssive arrivals at t:he 
acoustic beam correspond to the OOServed nunber Of fish per group. 
'll1e Poisson distribution correspondS to tne e>.i;;ectea freq:uencies. 

Low Densicy 

Tirne Group Observea Expecteo 
{secondS} (Poisson) 

0 - 20 60 3.99 
21 - 2S s 20.67 
26 - 30 9 42.83 
31 - 3S 2 39.13 
36 - 40 7 17.S7 
41 - S70 46 4.82 

2 
Chi-square= 1218.72 > X 99.S; S d.r. = 16.7S 

----·--------------------------------- ­
l·1eaium Der.si ty 

'l'ime Groups Observea Exr:iectea 
(secona.s) (Poisson) 

0 - 10 S6 10.44 
11 - lS 14 48.SO 
16 - 20 14 46.20 
21 - lbO 3S 13 .86 

2 
Chi-square = 278.13 > X 99.S; 3 a.r. = 12.84 

High Density 

Time GrOIJfl Observed Expectea 
(seconas) (Poisson) 

0 - s 61 57.47 
6 - 10 26 S2.27 

11 - SS 26 3.2S 

2 

Chi-square = 172.40 > X 99.S; 2 a.f. = 10.60 
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Target Strength: 

Target strength was calculated wring four different periods from 23 June to 

28 June 1983, using 3 different transducers (2°, 6° and 10°). A total of 956 

oscilloscope cbservatians of targets were made (Appendix Tables G l to G 4) • 

Fiest, the target strength was calculated using the technique outlined in 

Ehrenberg et al. {op. cit.) and then corrected using the off-axis formula 

obtained from Dahl (op. cit.) (Appendix Figure H 1). '!he corrected target 

strengths (Table 4) ranged from -15.7 dB (n= SB) while using a 10° transducer, 

to -23-6 dB (n=20B) while using a 2° transducer. The 6° transd.Icer (the 

transducer most canoonJ.y used) provided a target strength of -23 .o dB (n=4B5). 

This measured target strength. and the OYerall mean target strength of -21.94 

dB compare favorably with the -24 dB measured of Dahl (op. cit.) obtained 

during laboratory measurements of a 61 cm salmcn,i.d. '!he extremes at -15-7 dB 

and -23.6 dB are probably due to small sample sizes and, in the case of the 2° 

beam. technical difficulties in reading the peak echo voltage in such a short 

period of t:ime that it was displayed on the oscilloscope. 

SW!mning Speed: 

Estimated swimning speeds of sa1Jocn ranged fran 0-036 meter per second (0.118 

feet per second) to 2.204 nVs (7 .231 ft/s). swim speed estimates by sampling 

date are presented in Table 5. '!he grand mean and standard dev1atioo of all 

pooled samples are .601 ± 0.334 11\"s (l-972 ± 1.096 ft/s), respectively. '!his 

overall average translates to 2.2 km/hr (1.3 mi/h) or 51.9 km l day (32.3 

mi/day). 
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'l.'aule 4. calOJlateo aria corrected target strengt11 mea.surenlents ot salr110n collected during 
4 periods i11 the Lower Yukon River, 1983. 

Absolute corrected 
calculated Ai1ning Angular 'l'arget 
'l'arget Angle Oft-Axis Strengtti 

Date 'l'r a nsc.iuce r Strengtt1 (dB) (aegrees) Correctior1 (dB) aB N 

23 Jur1e 6 -34.1 45.7 11.09 -23.0 485 
(Ua.ytinie) 

23 June, 
2100 

to 10 -30.6 45.7 11.09 -19.5 205 
2!::i Jurie, 
1640 

24 June 10 -26.8 45.7 11.09 -15. 7 58 
(Daytin1e) 

28 June 2 -35.9 50,8 12.32 -23.6 208 
0130­
1530 



----------- ----------

f. 

Taole 5, llstilllateo swiJliming speeds ot saloon (Il\"s) in the ;t.ower Yukon 

River, near Pilot Station, 1983. 

~tacion: n = 	sample size, nurnber of upstream moving targets measured. 
f ran echex;Jrarns. 

X = arithmetic 	mean swimming speed 

s = sta.nda.rd aeviation of the mean 

Date Tranducer used 	 Statistics 

606/21/83 	 n = 50 
x = 0.6750 
s = 0.3701 

6/23/83 10 ° n = 50 
x = 0.7690

XS = o.3251 

606/25/63 	 n = 51 
X=C.6317 
s = 0.3409 

0 0 
6/27/83 10 (n=7); 6 (n=43) n = 50 

x = 0.6220 
s = 0.3247 

6 0 7/2/83 	 n = 49 
x = 0.4743 
s = 0.2971 

6 0 7/3/84 	 n = 50 
x = 0.4294 
s = 0.3416 

http:sta.nda.rd


Because of the Y1'kon River's fluctuating water level (Figure 20), we wanted to 

know if there is a relationship between river height and swim speed (Figure 
'41 

34) , the inference being the higher the river stage;- the faster the current 

velocity. In the study section of the river described in this report, stage 

of current flow is direcUy related to current velocity (U.S.G.S. pers. COlllll· 

1984). 

Swim speed frequency distributions were testd for synmetry (Snedecor 1950); 

they were not normally distributed (Snedecor op. cit.). So river height and 

mean swim speed were ranked (Snedecor and Cochran 1980) as shown in Table 6, 

and a Speannan 1 s rank correlatiai. coefficient (Gibbons 1971) was computed. 

The test statistic, z = 1.98 was significant at the 5% level of probability, 

but not at the 1% level. 

The test results imply. even with this small sample, that salmon swimning 

speed may be directly related to river height and the resi;:ective river current 

velocities through which they are swinming. '!be actual sub-surface current 

velocities in the vertical water coJ.umn through which the sampled fish swam is 

not known. As mentiaied earlier. surface current velocity transects were run 

on 18 June and from 30 June to 1 July 1983. So any extrapolation of these 

data to sub---surface currents for dates listed in Table 2 would be tenuous. 

I&tily Estimates: 

River stage is the height of the water surface aoove or belCM an 

established datum plane~ (U.s.G.s. 1982). 
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The observed relationship between river stage and mean swinming speed 
of adult salmon (moving upstream) in the lower Yukon River, near Pilot Station. 
June 21 to July 3, 1983. 



Taole 6. 'lbe relationship between mean swilmlifl9' speeo oi 
_y aa1 ~ 

saJ.rnn and stage 11Yukon River, near Pilot Station, 1983; 

ano their relative ranks tor Spearman1 s rank correlation 

Date swim ;>peed Rank River Stage Rank 
(mete.2/sec) (iooters) 

6/21/83 0.6750 5 0.821l7 6 

6/23/83 0.7690 6 0.4858 5 

6/25/83 0.6317 4 0.1683 4 

6/27/83 0.6220 3 -0.1810 3 

7/2/83 0.4743 2 -0.4350 l 

7/3/fB 0.4294 l -0.4223 2 

r 
8 

= 0.886 

A test for the null hy-pothesis, s:.wim speeo ano river stage are 
inoe:pen:;;j;Ttt is made using: 

Z = rsl}n-1 

z = l.981 >o(.05 = 1.96 

1/ 	River: stage is the height of the water surface above or belCM an 
est:ablishea clatum plane. 



Est:imates of daily and cllllllll.ative fish passa9" are sham in Figure 35. Days 

for which no data were collected were left blank; no interpolation was done. 

'llle negative count observed on 1 July was the net value after subtracting 

downstream llllVing tar9E'ts fran upstream llllVing tar9E'ts. 

Daily est:imates of fish passage ran9E'd fran a net damstream mOW!l>!nt of minus 

1,869 to a high of 20.750. '!he total est:imate of passage along the north bank 

of the river from 21 June to 15 July was 184,000. 'lllere was no relationship 

between north bank daily sonar estimates and testnet catches at the mouth of 

the Yukon River by time lagged data, neither was there a relationship between 

sonar counts and. conunercial salmon catch in the same commercial fishing 

district on a daily basis. 

Possible reasons for no relatioo.ship between sonar counts and testnet catches 

at the muth, or cannercial catches in the same district are listed belc:w: 

1. '!he transducer pod was deployed approx:imately 23 m (75 ft) offshore 

and, because of the rocky bottan and swift currents, a lead could not be 

anchored from near the pod to shore. So fish swimming between the pod 

and shore were not enumerated. 

2- We know that fish were swimming between the shore and the pod, 

because of gillnet catches in that zone. Also, fish were enumerated for 

one day with a 2• transducer mounted on frame and placed about 6 m (20 

ft) fran shore, where the water depth was o.a m (2.5 ft). 
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3. The area in which the pod was deployed is an eddy. Fish were 

milling in-the eddy, so downstream swimming fish were subtracted from 

upstream swimming fish. More upstream than downstream moving fish may 

have been between the shore and the pod, than offshore of the pod. 

4. Commercial fishing effort is virtually concentrated on the south 

bank alcng this reach of the Yukon River. Downstream of Pilot Station, 

where the main channel forks at Hills Island (Figure 3), there is more 

fishing effort in the south fork than the north. Virtually all fishing 

effort in the north fork is along the oouth bank (i.e. Hills Island). 
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Figure 35. Sonar counts of salmon from the north bank of the 
lower Yukon River, near Pilot Station; 1983. 



Hydroacoustic feasibility studies were candlcted in the lower ~kokwim River 

near Bethel in 1980 and 1981. Similar studies were conducted in the lower 

Yukon River near Pilot Station in 1982 and 1983 Two sonar systems were used: 

a single-hit writ designed specifically to count salmon, and a multiple-hit 

unit that was designed for a wide variety of applicatims. 

The single-hit system was tested in the Kuskokwim River in 1980 and 1981- It 

was canpared with the nultiple-hit system on the Yukon River in 1982. Only 

the nultiple-hit system was used on the Yukon River in 1983. 

'Ihe single-hit Wlit printed COWl.ts on a pa.per tape. 'Ihe coWl.ts were supposed 

to be fish, but were found to be generated by ambient river noise, debris, 

rain, waves, and boat engines as well as fish. 'Ihere was no way to determine 

directional movement of targets from the single-hit system. and no way to 

separate fish COWl.tS fran non-fish counts. This system was inaccurate and 

unreliable as a tool for enumerating adult salmon in the field tests to which 

it was subjected. 

The multiple-hi~ system consisted of a general purpose transceiver. a 2Q, 6Q, 

and lOQ transducer, and a chart recorder that provided echograms showing 

directional IOOVernent of targets. River noise, debris, and boats were uniquely 

recorded and easily distingushed from upstream swimming fish. The 

multiple-hit sonar system is reccmnended for continued use in enumeratic:n of 

adult salmon in large silt-laden rivers. 
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Bottom profiles of the Yukon River were determined by fathaneter and sextant. 

The profiles provided us with a two-dimensional plot for determining 

transd.!cer deploynmt sites and a:iJiling angles. 

In this rearch of the Lower Yukon River, the river stage (height of the water 

surface above an established datum plane) is directly related to the current 

velocity. Salmon swimming speeds were compared with river height (i.e. 

current velocity) to determine if there was a relationship. 

Salmon swimming speeds were determined fran the lengths of target traces on 

echograms, the range of entry and exit points of fish traces from the zero 

line (transducer) of the echogram, and the angle transected by a fish as it 

i;:a.sses through the acoustic beam, which is pointed downstream at a certain 

angle. This is an oversimplification of the procedures, which appear in 

Apwendix 1. '.!he grand mean and standard deviation of all pooled swim speed 

samples is 0 601 ± 0-334 m/s (l-972 ± l-096 ft/s). '.Ihese data translate to 

51-9 km/day (32-3 mi/day). 

swim speed frequency distributioos were not normally distributed, so mean swim 

speed and river stage by day were ranked. Spearman's rank correlation 

coefficient was significant at the 5% level of probability. The result 

iJipl.ies that fish swim speed may be directly related to river height. surface 

current velocities were taken d.Jring the study; estimates of near bottan (95% 

of depth) velocities were estimated with a vertical-velocity curve. For 

example, a high surface current velocity was measured at 155 cm/sec (5 ft/s). 

'.!he respective near-bottom current velocity was estimated at 80.2 cm/sec (2.6 
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ft/s). We speculate that at higher current velocities, more energy is spent 

by fish to surpass the flow, which may result in caiparatively faster swim 

speeds (relative to ground speed) than at a lower river stage with its 

attendant !<Mer velocity currents. 

Borizcntal distributicn of salJocn was determined. The frequency of occurrence 

was higher near shore and decreased with distance offshore. The majority of 

counts was within 95m (312 ft.) from shore- Mid-channel interrogations 

revealed few fish targets (i.e. one fish per four hours). 

Vertical distribution of salmon shows no consistent trend through time. 

Scattergrams and resultant lCM coefficients of correlation indicate that one. . 

camot predict abundance of salJocn throughout the water column fran sanpling a 

single statum. 

Diel distribution data indicate no consistent trend in daily fish passage. 

The lack of a diel pattern means that sampling effort must be spread uniformly 

through each 24 hour period. 

Sampling time analysis used the coefficient of variation of sequentially 

pooled fish target COlUlts from 3 minute echogram time blocks. The results 

imply that the q>timal sanpling time has a mean and standard deviatioo of 22 ±. 

3.5 minutes. 

Arrival time analysis measured the time, in seconds, between successive 

arrivals of fish as seen on echograms. 'lhe distributions of passing fish were 

of a contagious type, rather than a regular or a randan distribution. 'lhe lCM 
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density distribution had a mean of 54 seconds between arriving fish, while 

mediwn and high density distributions had means of 20 and 8 seconds t:etween 

successive arrivals,respectively. 

Target strengths of fish were calculated using the indirect method of 

Ehrenberg et al. (1981) • Three piston-type transducers were used: a 2°, 6°, 

and 10°- Preliminary target strengths were corrected using an off-axis 

fornula obtained fran Dahl (1982). Corrected target strengths ranged from 

-15 7dB for the 10° transducer to -23-6dB using the 2° transducer- '!he 6° 

transducer provided a target strength of -23.0dB. This measured target 

strength and the overall mean target strength of -21.94dB canpare favorably 

with the -24dB measurement of Dahl (op. cit.) during laboratory measurements 

of a 61 cm. sal.mcnid, 

Real time estimates were ma.de by expanding beam area counts to sanpled sector 

area counts, where sector areas were detennined foan river profile transects. 

Daily estimates of fish i:assage ranged f ran a net downstream movement of minus 

1,869 to a high of 20,750. '!he total estimate of fish passage along the north 

bank of the river fran 21 June to 15 July 1983 was 184,000. 
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llppendi>< A: Desqdption of the single-hit sonai: system. 

fI.llf!lce: 

'!he single-hit system, also knC>ln as the fan-scan, was developed by the Bendix 

corporation. It was tested in the lower Kuskokwim River in 1980 and 1981, and 

in the l<Mer l!Ukon Rive: in 1982. 

Tile Kuskokwim and Yukon Rivers are large, silt-laden systems, with swift 

currents. salmon emmieration problems are similar in both rivers. ResUJ.ts of 

the fan scan testing on the Kuskokwim River were inconclusive, because of a 

tidal effect, non-fish echo sources, and ina.bility to determine directional 

movement of echo sources. Results of testing the unit in the Yukon River 

indicated that most of the recorded counts were caused by river noise. 

The fan scan sonar was desi911ed for use in water depths of 25-50 feet. It 

will not function properly in shallow water, because the oblique upward 

scanning beams (about 45 degrees from hori~ontal) are just skimming the 

surface at a very severe angle. This will only sometimes return an echo, 

depending on the angle of incidence of any surface waves at that instant. 

System Cgiplnentai 


Tbe fan scan sonar system consists of the following physical c:oitp>l'lentS; 


l. counter 

2. '1'wO transducers 

3. Beam selector box 
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4. Oscilloscope 

5. Boat detector 

6. Gel cell battery 

7. SOlar panel 

The shore based counter houses the transmitter/receiver. a microprocessor to 

process and store data, an auto-ranging device, and a thermal printer. The 

counter face contains two semicircles of 32 light emitting diode lights. Each 

semicircle corresp:nds to the eleme:nts of a single transducer; each transducer 

generates 32 separate SOlmd reams; hence, each light corresponds to a beam. A 

slmul.taneous short burst of sound, ("beep"), is produced, and a liquid crystal 

display maintains cumulative counts for each beam. The counts for any 

particular beam of either transducer are viewed by dialing the beam nwnber 

corresponding to either of the two transd.Jcers. 

Fa.ch beam can be ranged manually by 1 foot increments or automatically at 

operator-selected time intervals of 7 .5, 15, JO and 60 minutes. 'Ibe maximum 

range per beam is 15.24 m (50 ft). A dead range area of 1.52 m (5 ft) 

surrounds the transducers. The oscilloscope can only nati.tor fran 2-13 to 

15 .24. m (7 to 50 ft) beymd the transducers. Counts and ranges for each beam 

are printed automatically each hour or upon demand by depressing a manual 

print button for either of the memory banks assigned to its respective 

transcilcer. 

Each transducer consists of a 15.24 cm (6 in) diameter sphere of ABS plastic 

filled with fluorocarbon fluid (Fluorinert, manufactured by 3-M corp.; and 

Fluor Lube, manufactured by Hooker Corp.), which acts as a lens for focusing 
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the sound beams. 'lhe ceramic transducer elements are positioned along the 

inside base of the spiere. '.!he SEtiere is attached to a base structure which 

assures that the acoustic beam is always oriented such that th.e 32 beams are 

perpendicular to the rurcent flow and preSlllllably, the migration path of fish. 

Orientation is supposed to be autanatically assured due to the hydrodynamic 

characteristics of the tcansdlcer base assent>ly, referred to as a pod in this 

nanuscript. F.ach transducer is connected to the counter by 152 m (500 ft) of 

electrical cables. 

The principal of operation is that the counter sequentially transmits 100 

micro-secmd bursts of 300 kilohertz ultrasound to individual ceramic elements 

of both transducers. When these elements sequentially transmit and receive, 

an aGoustic coverage in the shape of a fan is produced. This fan, comprised 

of 32 separate beams, is 4.37 degrees wide parallel to the direction of fish 

passage by 187 .9 degrees wide perpendicular to the direction of rish passage. 

Beam nwnbers 1 to 10 are single-element, circular in cross sectioo, and eacn 

covers 4.37 degrees of acc. Beams 11 to 2l are double-element, ellipsoidal in 

cross-section, and each covers 8.74 degrees of arc. Beams 22 to 32 have the 

same configuration as beams 1 to 10. E'a.ch element is aimed so that adjacent 

sound beams do not overlap within the fifty foot counting range. 

Salmon crossing the sound curtain reflect echoes to the same transducer 

element. The echoes are amplified, processed and stored in individual 

Canp.lter memories (one for each beam, i.e. 64 menocy units). The content of 

each memory is printed out hourly an paper tape. A maximum of 9,999 counts 

per hour per transducer is possible. Every echo of sufficient amplitude, 

based on target strength threshold, is considered a single fish by the 
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COWlter. 

The repetitioo. rate of this system is set to presume a constant fish swinming 

speed of 0,3 llll's (l.O ft/s), or about 24 km (15 mi) pee day, This rate was 

determined under field conditions on the Kuskokwim River during the chum run 

in June and July 1980 and based an tag and recr:Necy studies conducted in the 

Kuskokwim River (AIF&G 1961, 1962, 1966, 1969, 1970). The repetition rate can 

be adjusted for perceived differences in fish swinming speed. 

A beam selector box contains 32 toggle switdles and is used to self-test the 

system by sirmlla.ting one or two fish, respectively, in each beam. The beam 

selector box is also used to select individual beams for oscilloscope viewing, 

if desired. This allows for the individual ranging of beams as they are 

viewed on the oscilloscope, tailoring the fan in conformance to bottom 

contours and the surface. When bottom debris is a problem, the beams are 

decreased in range to exclude the debris and, if necessary, shut off by 

decreasing the COWlting range to zero. 

'!he oscilloscope is viewed to prr:Nide information on the vertical distribution 

of fish in the water column, distance of targets from the transducer, and 

recurrent rhythmic patterns that may indicate debris on the bottom. By 

viewing return echoes the operator is able to judge swimming speed and the 

accuracy of the counter itself. 

A boat detector is used to automatically shut down the system when engine 

noise from a passing boat is detected. This prevents false counts from 

accumulating in the memory units. When the engine noise has diminished. to a 
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level belor.i' which the system will count, then the system is automatically 

reactivated. 

Power for the entire system is provided by a 12 volt gel cell battery charged 

by a 2 anpere solar panel. A fan scan sonar system block diagram is presented 

in Figure A-1. A descriptive key of system carponents is presented in Table 

h-1. 

DepJ.wment• 

The sonar pod was deployed by resting the pod (in a horizootal position) on 

the gunwale of a skiff. 'lhe skiff was allowed to back downstream until the 

1 ine between the anchor and the pod was tight. The pod was then slid quickly 

across the gWlWale in such a manner that the two downstream pointing legs 

entered the water a split-second before the upstream leg (tied to the anchor 

line). 

Also attached to the upstream pod leg was a 3/4 inch diameter nylon line that 

ran to shore and was tied to a tree or to an anchor that was driven into the 

ground. The electrical cable ran from the transducer to the shore-based 

electronics. 

Retreiyal: 

The sonar pod was retreived by first detaching the electrical cable fran the 

shore-based counter, which was turned off. The cable was coiled on the 

floorboards of the skiff as the skiff was guided to the pod position by having 

the nylon shore-line (still secured to a shore position) run hand-over-hand 

across the bow of the skiff. 

-51­



-
When the impulse cable and nylon line lead straight down {assuming that 

neither was fouled on bottom debris}, the pod was lifted to the surface by 

pulling on the nylon line by hand or by electric winch, depending upon the 

force of the river current and whether the pod was stuck by sediments or 

debris. After the upstream oriented leg broke the surface, the pod was 

wrestled (litera.lly)into the skiff, 
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Figure llc-l goes 1tere 
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Figure A-1. Block diagram of the Acoustic Fan Scan Salmon Counter. 




'lllble A-1. Key ~ Fan Scan Sonar Block Diagram Presented In Figure A-1. 

20 Shore-based electrooics unit (counter) 

38 Transducer Elenents 

42 Solar panel 

44 12 volt battery 

46 Positive direct current line 

48 Ground wire 

50 Pulse train thru a wire fran the counter to a BCD generator 

52 First BCD (binary coded decimal) generator 

54 Pulse with discriminator for first BCD generator 

56 S~ccessively closed switches 

58 Digital switching unit 

60 Secaid BCD generator 

62 Pulse with discicminator for second BCD generator 

64 Electrooic '"'itching unit 

66 output lines corresponding to each of the transdlcer elements 

68 Transmitter 

70 Wire conecting transmitter to timing and reset pulse train on wire 50 

72 Wire transmitting a burst of 30 pulses of awroximately 300 KHz 

having duratioo of 100 microseconds 

74 Timing circuit 

76 Preamplifier 

78 Buffer 

80 Amplifier 

82 '.lhreshold detector 
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84 	 100 microsecaid monostable nlll.tivibrator. Each output pulse from 

the nuJ.tivihrator, which represents one fish count, is a 100 

microsecond pulee of S-volt lllilgnitude. 

86 	 Wire carrying count signals fran nuJ.tivibrator to electronic 

switches in a switching unit (88) 

88 So/itching unit 

90 Electronic switches in switchin unit (88) 

92 Wires connecting electronic switches to correspooding AID (analog 

digital) circuits 


94 AND circuits 


96 Range gates activated by tl.ming pulses on wire SO 


98 Pulse counters 


100 	 'lhird BCll generator 

102 	 Electronic switches connecting the BCll generator to an outplt 

line fran CHE of the pulse counters (98) 1':' 

104 	 Printer 

106 	 Digital nl.llle[ical display device 

108 	 Printer timer and display selector 
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i 

·J\iplndi• B: Desc_ripticil of ,the nuiti-hit saw: system. 


'lhe nul.tiple-hit si:inac system ~isted of the foll_owinq calipOnents: 


2a.' Rosa.-250 E chart recordet/$0Under that was modified b'f Biosonic:s, Inc. 
•'• ·-· -:.:: '~·- f0c;_;a witt?.· ir.BiCIScn,i~ iOi.. -soundet>. ~ uni_t was wwea in 1982. 


2b._ EEC ~ 32008-ctia.rt recorder/sounder. 'Iru.s unit was used in 1983. 


3 ... 

4. ~--.ead:I two degree, 6 and 10 degree matched transdJcers, manufctureo by' 
,_ - - - !.~ 

Bic&iuca:t tnc.· 

5. ~ingle dlanne~. ~onics Hodel 323 oscilloscope. 

6. A thresholding device manufactured by Bi~cs that va.s used in 1983. 

Power to the SfStem'.ws-~ovided by -a Benda ~l F.MJ.600 generator or two 12 

trolt car tB.tteri;~,-~hOOted ~:~ies through a 241115 we converter. 

'lherBioScaics Model 101.edlo sounder incorporates the following features 
,· 

1. A high·ly accura-te 20 log ·R and 40 log !OR 'IVG (time varied gain) 
··.,; 
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amplifier with a deviation fran ideal less than±. O.S dB over a 110 db 

gain dyamdc range. 

2. 	 Selectable absorption coefficient loss canpensation, both standard and 

user selected values. 

3. 	 selectable transmitting pc>ier is variable fran 50 to 1000 watts in 3 dB 

steps: -13, -10, -6, -3, and -o. 

4. 	 Selectable receiver gain is variable fran -18 dB to +24 dB in 6 dB steps 

with an accuracy of .± 0.2 dB per step. 

5. 	 Three (3) standard receiver oot?JtS (reference frequency Of 420 kHz, 6 

kHz for recording, and detected for data analysis) which eliminate, in 

most applications, the need for interfacing electronics for data 

recording or real time processing. 

6. 	 variable ba.ndw'idth with selections of 10, s, 2, and 1 kHz. 

7. 	 Transmit pulse width variable from 0.1 mullisecond (ms) to 9.9s in 

0.1-ms steps. 

8. 	 Transmit pulse serparation variable from a 0.1 second (s) to 9.9 in 

O.1-s steps. 

9. 	 Built-in calibration circuit with both continuous wave and pulsed 

operation IIX)des with accurate separation between pulses from O.lm to 
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99.9m 	in O.lm steps. 

10. 	 Triggerable either externally or internally to all<M for use with or 

without a chart recorder. 

11. 	 Control over receiver output with blanking from time of trigger to 

selected blanking distance. Blanking distance is adjustable from a.lm 

to 999 .9m in O.lm stef6. 

12. 	 'Ihe receiver contributes no more noise to the signal than the source. 

A BiaSanics ~l 101 edlo sounder block diagram is shown in Figure B-1. When 

a trigger cormnand is received, a transmission pulse is generated within the 

Calibrator-Transmitter Board. 'Ihe Power ~lifier Board accepts the low-level 

transmission pulse and presents the transducer with an amplified version. 

Received signals (edlos) are amplified and filtered by the Pre-amp, 'lVG Board. 

The Receiver Board prOV"ides additic:ra.l anplification and signal conditioning. 

The Control Board controls many of the receiver charact..~::i.stics. A 

calibration signal can be sleeted in place of the transducer signals to 

cbserve receiver characteristics. 

Operating characteristics of the BioSonics echo SOW"ider (Wirb and Acker 1979) 

are as follCMS: 

Transmitter: 

The purpose of the transmitter is to present the transducer with a 
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hi~paiered reference frequency pulse upon ccmnand. 'lll.e transrni tter can be 

triggered by an-external signal or by the signal from an internal pulse 

generator. A pulse width timer gates the transmitter on for an interval 

ranging fran O.lms to 9.9rrs in O.lms steps. A crystal oscillator operating at 

a rate 20 times the transmission frequency determines the transmission 

frequency. 

Power g?l if ier: 

The power amplifier accepts low-level transmission pulses from the 

calibrator-transmitter board and amplifies the signal to a level ranging from 

50 to 1000 watts. The power amplifier is matched to the transcl.lcer by a 

widetand transformer. 

COntrol Circuitry: 

The main function of the control circuitry is to prod.lee the control voltage 

for the 'lVG amplifier and to provide the blanking and range control signals. 

A crystal oscillator operating at a frequency of Sx 103 x sound velocity is 

used as a timing reference for all the control signals. 

The receiver output is blanked (clamped to zero} whenever the echo sounc:Er is 

triggered. This prevents erroneous receiver oUtput due to interference from 

the transmitter and dlring the time that the 'IVG amplifiers are inoperative. 

The blanking timer is started oo ccmpletioo of the transmission pulse. The 

receiver output is unblanked when the blanking distance is reached. 
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'Ihe range timer_ determines the effective distance over which the TVG 

amplifiers operate. It starts on completion of the transmission pulse and 

holds the TVG amplifier control voltages at its current value when the 

selected range is reac:bed. 'lbe gain of the receiver increases lUltil the set 

range and is then frozen. 

Receiver: 

The receiver accepts low-level electrical signals fran the transdlcer. 'lbe 

wilt signals are amplified, filtered and processed in other ways in order to 

present a useful signals to periEtleral instruments operating in conjWlction 

with the ec:bo sounder. A mixer is used to convert the basic echo sounder 

tre:;i:uency to 8kHz, which is suitable for most tape recorders. 

C.alibrator: 

An internal calibrator provides stable reference signals in order to cEtermine 

receiver characteristics. 'Ihe calibrator signal is generated by switching 

between precision + lOV and -lOV references at the same rate as the 

transmission frequency. The signal may be continuous wave or pulsed with 

widths equal to the transmission pulse. separation between p.1lses may be 

select~d from O.lm to 99.9m in O.lm increments. Any of four different 

anplitudes (20dB) increments may be selected. The "pulse" mode may be used to 

establish an exact measurement. 

The BiOSonics Model 101 sounder was slaved to the Ross and to the EPC chart 

recorders. 'Ihe chart paper used with the Ross recorder was 22.9 cm (9 in) 
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wide. A chart speed of one inch per minute was routinely used with the 
-

BiOSonics sounder. A faster chart speed produced target traces of much 

greater length. Significant additional data were not gained by the elongated 

traces, and paper conserved. 'lhe Ross recorder had four ranges for each of 

three triggering repetition rates; these are presented in Table B-1. All 

three ping rates, but ally ranges l and 2 were routinely used. 

'.!he EPC chart recorder used paper having a dispaly wioth of 48.B cm (19.2 in). 

Although this recorder/ sounder can range to 5852 m (19200 ft), the maximum 

range used during this study was 365 m (1200 ft) , because the BioSonics Hodel 

101 sounder had a factory set (though optiooal) range of 2.5 to 250 m (820 

ft). Tue minilm.ln range used (and available on the EPC) was ll .3 m (37 ft). 

Pulse repretition rates, in this study, ranged fran 8 to 2 pings per second. 

'!able B-2 presents EPC chart speeds, ranges, and ping rates. 
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Figure B-1 goes ~ere 
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Figure B-1. Block diagram of the BioSonics Model 101 Echo Sounder. 
From: Wirtz and Acker 1981. 
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APPEWIX C: Calibration Data for the Multiple-hit-hydroacoustic System used 

on the r.c..er Yukon River during 1982 and 1983. 
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APPENDIX Figure C-1 Beam pattern plot of the 6° transducer showing 
the main lobe and side lobes. 
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APPENDIX Figure C-2 Beam pattern plot of the 10° transducer showing 
the main lobe and side lobes. 





Thres ho 1 d 

Detected 
Out 

Box 

Detecte< 
----- --,Inr--­

I I
I 

II- - -- - -- -0- :;,- - - - - - - - - -,
SCI oscooe 

I 
I 

_ _JExternal Vertical 
'- - ' ­-r Trigger Input 

I 

I 

L --------- -----, 

I 
I 

BioSonfcs 101 Sounder 

ExternalI :~wltcli ITrfss•r 

L __ J Detected I External ­ - .~ - - -i
Trin"er In 

switch 
I 
I 

GateSignal ~- - .Jr In Out 

IIL ____________ _ 
- - _J 

APPENOIX Figure C-3. Block diagram showing the 
wiring configurat"ion when th·e BioSonics Model 101 

transceiver is externally triggered (i.e. is the 

Slave) and.the EPC Model 32005 chart recorder is 
internally triggered (is the r~aster);. in association 
with threshold box and oscilloscope. 



APPENDIX D: Procedlre for Determining River Profiles, 


Slant Range and Straight--Offshore Distance 


Using a Sextant and Fathaneter 


a. Desired seaming angle of transd.Jcer will te about 45° downstream. 

b. Using a fathometer, determine a suitable location to deploy the 

transducer asserrt>ly. 'llle location should be within 100 feet of shore, 

between 3 and 8 feet deep, and with bottom contours falling away 

moderately to deep water. Do not select a location where a constant 

eddy is evidenced. 

c. Drop a tight-lined, anchored buoy at the deployment site (A) (Figure 

D-1) and measure distance to shore with tape measure. Mark this point 

on shore (B). Standing at (B), with sextant, turn 90° upstream and 

measure distance on this line to a point {C) on shore equal to distance 

fran (A) to (B). Turn 45" shoreward fran (C) and mark a point (D) about 

100 feet away on this line. Place a 4x 4 ft. sheet of plywood at (C) • 

·Place a 2 x 8 ft. sheet of plywood at (D). Paint each a different color 

of fluorescent paint (i.e. one orange, the other green with red 

stripes). 

d. Measure 1,000 feet (in the upstream direction on the north bank) (in the 

dcMnstream direction on the south bank), respectively, from point (C). 

Place a 4 x 4 ft. sheet of plyWOOd at this point (EJ • '.lllis sheet should 
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be painteg the same color as (C). l'Oints (C) and (D) form a 1,000 foot 

primarily baseline. '!hey should be braced vertically, facing the river. 

e. Measure 500 feet along the primary baseline fran point (C) and situate, 

vertically, a 2 x 4 ft. plywood marker (F) painted uniquely different 

frao (C) and (E). '!he distance (C-F) serves as the secondary baseline. 

f. Measure 250 feet along the primary baseline fran point (C) and situate, 

vertically, a uniquely painted 2 x 4 ft. plywood marker (G). The 

distance (C-G) serves as a tertiary baseline. 

g. With fathometer and sextant in skiff, run a transect fran offshore to 

near-shore along the li~f sight markers (buoy at A, plywood at C and 

D). For each position and depth reading, maintain skiff stationary in 

the current on the line af sight. Record angle with sextant to primary 

baseline points until angle exceeds limits of sextant, then sight on 

secai.dary, then tertiacy baseline points. 

h. Use law of sines to determine distances to baseline points (Figure D-2). 

i. Use sine of aiming angle to determine straight off-shore distance fran 

slant range (Figure D-3). Same answer will result by using cosine or 

resultant angle: 90" minus aiming angle. 

j. Plot slant and straight-offshore distances and corresl?C?"ding depths to 

get bottan profile and river cross-section (surface to bottom). 
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APPENDIX figure D-1. Layout of the triangulation method for determining river profile. 
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Point "E" 

-<:---=-::-:-B~a~s~e~l~i~n~e_•.....:S~i~d~e~"s~'-'_•__cl~O~O~O_f~e~e~t'--~~~~~ 

Sextant 
angle 

75° 

Point "S" 

1. Aiming angle• 45°. 
2. Baseline distance= 1000 feet. 
3. Sextant angle• 75° {in this example). 

11 E11 
•4. Therefore, the angle at Point 180°- (45°+75°) • 60°. 

5. Law of Sines: 

c' s s Sine C therefore =Sine C • ....,,S"'in'""'e-.S- c 1 

Sine S ; c' • 732.05 feet. 

s s Sine E 6. Since angle E • 60°; e i e •• .......s i°"n'""'e-=s-
Sine E Sine S 

7. So, e • 896.5755 feet. 

APPENDIX Figure D-2. Determining distances from baseline points to 
survey stations along the transect line using aiming and sextant angles. 





II C"1" Po1nt ti Point "BL" oint "E" 
go•45~ ~ n Basel lne 

I 

S'.r. I 
~ ,, "c 111I S1de,.,, 

I• I"'~ 
·~ ,.,. 45' I 

"r I 

'Point 11511 

Side c' c'1. Sine angle C • . S1ne 45° =- c' • 633 9 feet .Side e 896.6• 

"' 
"C 11Point 

Basel lne 

S'r.45' 
Q'" ,,

= ,.,,-~ .,,,..9~= ...., ·~ ,._- ""r"' 90' 

2. Cosine of resultant angle, when aiming angle 1s subtracted from 90'. 

Side s' sb. Cosine angle C :ii , Cosine 45° :ii ~'"'=-.~~ s' =633.9 feet.Side e 8 96 6

APPENDIX Figure D-3. Determining the straight-offshore distance from 
the slant range and the aiming angle. 
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Figure 33. Time between su.ccessive 

arrivals o! fish. High density. Used 

a 2 degree transducer; 1100-1115, 2 July 1983. 

Lower Yukon River, near Pilot Station. 
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------

------

----- -----

------- -------

Table 3. Chi-square goodness of fit test for arrival time 
d.ist.ributions. -Data collected fran the north bank, lower Yukon Piver, 
near Pilot Station, June and July 1983. Time group refers to fish 
wt1ose time intervals (in seconas) bet.ween sucessive arrivals at the 
acoustic beam correspond t.o the ct>served nurnter of fish f:Er group. 
1l1e Poisson distribution correspondS to tne expectea frequencies. 

w. Density 

-----~-----
Tinie Group Qbservea Expectea 
(seconas) (Poisson) 

0 - 20 60 3.99 
21 - 25 5 20.67 
26 - 30 9 42.83 
31 - 35 2 39.13 
36 - 40 7 17.57 
41 - 570 46 4.82 

2 
Chi-square= 1218.72 > X 99.5; 5 d.r. = 16.75 

·------~-------------------

I·1edium Der.sity 

1'irne Groups Observed EXI,:>ecteo 
(seconas) (Poisson) 

0 - 10 56 10.44 
11 - 15 14 48.50 
16 - 20 14 46 .20 
21 - 180 35 13.86 

2 
Chi-square = 278.13 > X 99.5; 3 a.f. = 12.84 
·----------·--------------------- ­

High Density 

Time GrOlJl.> Observed Expect.ea 
(seconas) (Poisson) 

0 - 5 61 57 .47 
6 - 10 26 52.27 

11 - 55 26 3.25 

2 

Chi-square= 172.40 > X 99.5; 2 a.f. = 10.60 

http:Expect.ea
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Figure 32. Time between successive arrivals 
ot tish. Medium density. Used 6 and 10 
degree transducers; 0815-1215; 2 July 1983. 
Lower Yukon River, near Pi1.ot Station. 



APPENDIX E. Environmental Observations Recorded at the ~lain Oiannel sonar 


Site, Lc:Mer Yukon River Near Pilot Station, 1983 
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Ap~ndix E EnvirQ'llllental cbservations recorded at the main channel sooar site, lCMer 'iUkon River 
near l'ilot Station, 19H3. 

Wind 
Direction wave 'IUtal 

'Ienperature F 0 and Height ctJserved Cwrulative 
--------- Estimated {Feetl sky Precipitation Dl:op In Remarks on 

Date Time Air water Velocity (111*1) Estimated Cover (24 Hours water Level water Level 
----------~---~-~~-----~------~~--------~-------------~~~~~-------~-~~-----~--------6-B 1200 58 54 Nol 13 MPH 0-0 .5 l G 
------------------------------~-~~~~----------------~--------------------------------~---6-9 1215 47 54 tM 8 MPH 0-0.5 2 G 0 RISI~ 
------------~--~--~-------------------------~~--~~---------------------~---~~----~~--~-----
6-10 1308 60 55 N 0-5 MPH 0 1 G +6 RISI~ 

6-11 1210 66 55.5 N 0-5 !·lPH 0 2 G +12.5 RISI~ 
------------~-~--~--------------------------------------------------------~----~---~------6-12 1200 68 56 0 0 3 G +20.5 RISING 
---------------~~~-----~---------~-----------------------~~--------------~----------~~-6-13 1230 65 56 tfM 0-5 MPH 0 3 A +33 RISOO 
-------------------~~-~~~---------------------~-------------~----------------~---------6-14 1308 62 56 tffi 0-5 0 1 G +35.125 RISING 
--~-----------~-~----~~---------------------------------------------------------------------6-15 1215 59 56 0 0 2 G +41.625 RISING 
-----------------~------------------------------------------------------------------------~-6-16 1230 52 56 0 0 3 G +46.625 RISUl.i 
-------~~-----~~-------~--------------------------------------~-------------------~~-~~----6-17 1230 55 56 0 0 2 G +46.625 FALLING 

6-18 1230 65 56 0 0 2 G +45.625 FALLUl.i 
-----------------------~---------------------~--------------------------------~-----~---------6-19 1300 62 51 0 0 2 F A +43 ,125 f'llLLING 

6-20 1221 67 56 0 0 1 G +38.375 FALLING 
------~~----------------------~~--------------------------------------------------------6-21 2216 71 51 tw 0-2 MPH 0 1 G +32.625 FALLING 
----------------------------------------~----------------------------------------~~----
~=~~-131~---~-~---~~..!:----~ 0~~----~------------~--------~-------~~+2~:~~--~ALL~----
6-23 1200 65 J( 57 1( Ntl'l 0-5 MPH 0 3 F +19,125 FALLING 
-----------------------------------------------~--------~~------------~~~-----~-------~-----6-64 1200 59 t 58::t N 0-5 MPH 0.5 3 A +14.625 FALLIOO6-25___i630-----~-i-----6o_,t"_____E-S:iQ_____-0~5---------3--------G-----------;6~6:ZS-___FAU:.1NG_____ 

-------------~.:__Sky------------------------------------------~!._2'.recipi~ti~-----------
o. It.I observation A. Intefmittent ~in 
l. Clear sky, cloud caveri';,li§'t JOOre than 1/10 of sky Cont.1rwous Rain 
2. Cloud covering not JOOre n 1/2 of sky c.•• 
3. Cloud covering more than l 2 ot sky """' and Rain MixedD • ~.. !;anpletelv OYercast E. 
5. Fog or 1hlck Haze F. ·W:~ndi!rstorm w/ or w/o

Precipitation
G. tb Precipitation 
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------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------
-----------------------------------------------------------------------------

.R """"'·­
f\wenuix I:: J::iiv1ronmental a,lbervat1011s recoraea at trie 1ro:iin cilannel sonar site, f°"'er :tukoo River near ~i1ot Station, 1963, 


llino. 

D1rect100 wave 'i'Otal0'lt:ll\:Cratw:e F anu 1Jeiy11t CUservea 0..1mu.lative 

------------ &ltirna.reu (f"eetl sky Precif!itation Dr<Jbl In Remarks oo 
Dtlt.e '.1'1111t: Air lld.ter V-=locity (6l.tl) l::i:;tii.ia~a Cover (24 lloors \iater Level Water Level 

6-26 1200 62 G2 t: 5-10 0-0,5 2 A +-0.125 FM.Lilli 

6-27 1200 6U 6:.! U>t:: U-5 0 3 G -·1 .125 FALL:rn:> 
------------------------------------~-----------------------------------------­6-2., 1730 62 64 ::ii:: 0-5 0 3 G t'Al.Lm:> 

6-21l 1200 64 64 0 0 4 G -11.175 PAI.LI~ 

6-29 1315 6H 64 U 0 2 A -14.125 FM.Lilli 

6-30 1300 62 64 E 0-5 0 3 ~~ -15.625 FALLI~ 

7-1 1315 64 64 u 0 3 A -17,125 FALLIN:> 

7-2 1300 54 64 \·/ 0-5 0 4 A -17,125 FALLIN.:> 

7-3 1300 Sil 64 0 0 2 A -16.625 RIS!Ki 

7-4 1200 60 64 N 0-5 HPll 0 1 G -15.125 RISllli 

7-5 1215 65 '64 ti 5-10 ~~ 0.~ l G -14,625 RI.sl.H:i 

7-6 1200 67 64 tsE 0-5 ~IPll 0 3 A -14,625 RISIN:i 
--------~------~----~---------~~---~-----------------------------------~-------~----~-----­
~::..__~43:~--~~2~--~~~~--~-~~-~=~-~~------~-----------~-~---~~~----------13:~:~~----~!~~~--~­
!:~--~13~__62~----64_~----~-~=~-~~~--------~~~--~~--..!------~~-----------=~~:~~~----~~!~~-­
7-9 1900 62 'fl.. 64 .K' U 0 3 A -13,625 b~.1i:AD'/ 
--~-----------------~----~---~-~-----~~-----------------------~-~-------------~~--~-------­
·1-10 11~ 6Qjt__ 64 )l;. li:&I:: U-5 0 J G -14.125 Fl\LL.IN:> 
--~~-~~--~-~-----~~~----~-----------~~---~~------~----------------------------------­7-11 1430 60 'jl- 65 j( H~l 0-5 U-0.5 4 A -13/625 HIS!Ki 
---------~---------------------------~-----------------------~-------~--~-----~----------------­7-12 l:aJU 66 ;JI..... 64 'J( WS·I 0-5 0 3 A -13.625 S'l'EALh' 
----~----------------~---~------~-------------------------------~--~----~-~---~-----------~----~­

Z~---~~~--~-~------~~~--- -· -----~--------~--~------------~---------~---~------=:~::~--~---~~~­
!:~~-~~~---~~.l.'.:-~_64~---------~=~----------~~:~~----------~--------~---~-----=:~::~---------------­
7-15 !!IOU 57 )t.. 64 )( 0-5 0-1.U 4 A -15.125 
-----------~~---~--~------------------------------~------------~--------------------------------­
7-16 12UO 541('...... 65 X \'I 1.0-1.5 4 ii -17.125 

U, Lu UJSCt\lat.iou A. lntcrmitt.cnt Rain
1. Cl.L-u.r sky, c1ouu. .:ovt:rill<] not 1<igr~ tJ.ldu 1/10 or sky u. Coutinuous Rain 
2. Cl.uua covcr11~J not mor1:: tnan 1/2 oi: i;ky c. Snow 
3. Clouu. 1..'0\lering more tl!U.u 1/2 OL Wl.y D. Snow auu Ra.in Hixoo 
4. Col11!J1e~ly OJercast Hail 
5. t'oi:J or 'il11ck l-la..:1:: f'. •1t1unucrstorm w/ or w/o"· 

PrL>cipitation
G. It> Precir.ation 

http:Fl\LL.IN


APPENDIX .F: Normalizing constants for the 2Q and 6° transd.lcers by area of 

partitiooed range 
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APPENDIX G. Peak Voltage Values from Oscilloscope Reading Collected from 

23-28 June 1983 
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APPE2IDIX H. Determination Of corrected target strength and effective beam 

size. 

The downstream aiming angle of the transducer was used as the off-axis 

orientation measure. 'Ihe expected increase in target strength, in dB, for 

each period was then calculated in the following manner: 

(l) Use the downstream aiming angle as •x.. in the equatioo. in Figure 

H-'1. 

(2) This equatioo prcwides -Y"', the off-axis angular correction in dB. 

(3) Add the absolute value of •y• to the calculated target strength. 

'Ihe results are the corrected target strengths as listed in text Table 4. 

'Ihe effective beam width is a function of the mean target strength,. threshold, 

and downstream aiming angle. Assuming that the mean target strength and 

threshold were constant throughout the rwt, then the aiming angle determines 

the effective beam width. Using the transd.lcer half-angle measurement as a 

function of dB drop ('Jable H-1) then the effective beal!Widths, as a function 

of downstream aiming angle, can be plated as in Figure H-2. 

'Ihe steps used to determine the effective the effective beam widths are 

presented in the following: 

(1) Enter an aiming angle (0 to 45 degrees) as the "X" value in the 
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equation shown in Figure Hl. This provides MY', the angular 

off-axis correction in decibels (dB) • 

(2) 	 Add the value of 1'Y .. to the value of the grand mean target 

strength (-21.94 dB). 

(3) 	 Subtract the absolute value ofthe sum in (2) above from the 

absolute value of the threshold target strength. 
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a~dix h-1 goes here (fig) 
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ANGLE FROM PERPENDICULAR TO SIDE ASPECT 
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Figure H-1. The drop in decibels from maximum target 
strength at 10 degree intervals for three fish. Data 
from Dahl (1982). 



table h-l goes here 

-8~ 



APPEl,IDIX '!'ABLE rI-1. Correction table for ceternUnirig tI1e eriective corrt::cted 
beam an:Jle tran the ui.tterence l:etween t.he tarc;et strengtt1 usec. in t11e :tielo 
(-34.S aB) ana corrected -c.arset strengths listeu in text Table 4. 

Halt. a~les of cransoocers reaa :r·rcm polar plots 

aB Drop 

0 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 

2 

0 
1.00 
l.00 
1.00 
1.50 
1.50 
1.70 
1.70 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 

Transducers 
---------­

6 10 

0 0 
1.33 J..60 
1.60 2.40 
2.00 3.20 
2.40 4.00 
3.20 5.60 
4.00 6.00 
4.00 6.00 
5.60 6.80 
5.60 6.80 
5.60 7 .60 
6.00 8.00 
6.00 B.00 
6.00 8.80 
6.00 9.60 
6.00 9.60 



figure h-2 goes here 
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Figure H-2. Effective beamwidths of three transducers 
(2 ,6 , and 10 ) for a population target strength of -21 .9 dB 
and a threshold of -34.SdB. 



APPENDIX I: Derivation of fish swimming speed. The method is provided 

following discussicns with Ivan Frohne and John Ehrenberg (pers. cOlllll. 1984). 

'!he model is described belC>ol: 

A side-scan sonar is pointed downriver at angle as measured from a 

perpendicular to river flow or, more precisely to salmon travel. The 

follQling expressioos are used in the model: 

S = D/t 

where: 	 S = estimated sw!Jlming speed. 
t = the time from first to last detection. 

where: 

D = the distance traveled by the salmon while in sonified by the 
acoustic beam. 

d1= range at first detection. 

d2= range at final detecticn. 

= Angle transected by fish as it passes through the acoustic beam. 

Figure I-1 illustrates the model. 

The known quanitites in Figure I-1 are d1, d2 (with dl 

• Unknowns are and D. Note that the acoustic axis (dotted line) 

bisects the angle between d1 and d2. 

The acoustic beam is approximately conical, with a nominal beam angle of 

-91­



I 

6 11either 2g or , and the salmon will InOY"e along a dl.ord parallel to the major 

axis of an ellipse formed by traversing the beam. '!he assumptiai. is that the 

salmon remains at a constant depth. SO it is easier to treat the beam angle 

as unknown and ignore the three-dimens.i cr.a.l aspects of the problem. 

Because d1 d2, it is true that: sin (90° + 0 - /2) = (difd2) sin 
c90• - o - 121 

'Ibis follcws fran the law of sines, which states that: 

sin A = sin B 

a b 


sin A = sin B 

b 


Hence: 

sin (A + B) = sin A Cos B + Cos A sin B 

sin (A-B) = sin A Cos B - Cos A sin B 

To get: 

sin (90"+ 0) cos <2 - cos (90'+ 0 sin (2) 

01 


= sin (90"- 0) cos (:) cos (90°- 0} sin ­
2 2 


or: 
<!J.._ 


cos LJ sin (90" + 0) d2 sin (90' - 0) 

2 d2 


= sin (_J cos (90°+ 0) ­

or: 

sin 2 =tan_ sin (9"' = Q} - dl sin cggu at 
cos tan (2) d2 

cos 2 <ll.. 
cos (90"- O) - d2 cos (90"- O) 
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sin (90°- 0) - sin (90°+ 0) 
= 2 Tan-1 

cos (90°- 0) - cos (90°+ 0) 

Referring again to Figure I-1, notice that if, for small > O, /2 = O + 
O, so that triangle side d2 points Lptream, o will be larger than when /2 
= 0 but d2 will be the in each Thus a nust be chosen- O, same case. 
large enough so that /2 _ O. When d2 is perpendicular to fish travel, 

D = d12 - d22 

'!his is the maxim.Jm permissible value of o, i.e. 

'!his maximum permissable value occurs at = 2 a. 

Also, note that d1 d2 dl cos t so that 

_ cos-1 (d2fdl) 

To summarize, must be no larger than any of 2 tan· -le, 2 O, or cos 
-l(d2fdl): 

= min [ 2 tan -1 c, 2 O, cos -1 (d2fdl) l 

• 
With an estimate of (say 2), D can be estimated as 

• • 

by the law Of cosines• 
• 

with o, and t, an estimate of swinming speed is 

S = D/t. 
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Fig. I-1 gees here 
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Figure 1-1. Aerial view schematic of side scan sonar set-up for measuring salmon swimming 
speeds, with trigonometric diagram for solution of the measurement. Unknowns are a and 0. 
Knowns are d1 , d2 {with d1 >d2 ) and</>. Note that the large, internal dashed line (acoustic 
axis) bisects the angle a between d1 and d2 • (After Frohne 1984, pers. co11111.). 



APPENDIX J• S.imspeea Program Docllllentation: 

Program Name: 'iUKSWIM.BAS 

Written by: Fritz FUnk, with 

modifications by Dave t-iesiar 

!:ate: May 30, 1984 
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aQ?endix j goe:s here -2 
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ai;p!lldiX j goes here -3 
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awendix j gees here -4 
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a~x j goes here -5 
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ag;endix j gees here ~ 
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aE'P'!'diX j goes here -7 
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a~x j goes hete -a 



awenclix j goes here -9 
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-----------------------------------------

------------------------------- ---------

Swimspeea PrcgrEJD DocumE:ntation 

Prcgr&m Name: YUKSWIM.BAS 
Writter. by- :·Fritz Funk, ,.ith niOCiitications by Dave llE:siar 
Dc.tE: ' I'll} 30. l98 4 

The progrcnn YUKStiI?-1.BAS es.timates velocity ot ir1civiQual tish in 
meters per seconc. In its current term, it acce~ts aata trom the 
tile ~UKONSPD.DTA. processes it. ana output~ it to the tile 
YUKTABL.nA'I.'. Data rE:quirecl are liEttea bE:low in the ore.er in 
which the~· appear in th6 aata file YUKONSPD.D'rA: 

SI'l'E - The program is oesiqneC. to estimatE: tish velocities from 
either of t'#o sites or both sites com.binea. 

' 

nA'I·E - The Cata entere6 must fall '#ithir1 time perioas s.et up in 
lines 230-:1.70 ana 1090-ll~O. 

XANGLE - The angle 1tir1 OegrE:efi} that the transclucer is aimeQ 
6.ownstream frcm a line cercenaicular to the river tlo\11. 

BEAMWIDTH Beam size ,(aeqree5). The program i& CiesiGnea to 
accept aata trcm either ot two bE:am wioth.e. or both beams 
combinecl. 

TIMEBASE - A reac.;ing trotr. thE: ckiart rE:corcer in &econos/sweep. 

CHARTSPEED - The sceeo witl'l which paper moves through the chart 
recoraE:r ir. Ir1IL/sE:c. 

DEN''i'BR - The tish 1 5 distancE: 1\ir. mm) tr om thE: ti:anauucE:r at the 
point of er.try ir.1.to the bE:am, trom the ct'iart rE:coraing. 

DEXIT - the tish's clistance i(ifi mm) trom the transducer at the 
point of exit trcm the beam, from the chart recoraing. 

TRACEL~N - The lensth (n.m) ot the trace maae by the tish'~ 
cassase through thE: beam, trom the chart recoraing. 

~GLE - Angle of the trace ·lin aeqree~) on thE: chart recorair.9 as 
cliagra.mn.E:a below. 

Paoer -> 
Direction 

DEX IT { i 
DE.N'l'ER 

Tra.naaucer 

http:230-:1.70


• 

• 

10 REM YUKSWIM.BAS YUKON RIVER SONAR A?<ALYSIS 
20 REM Swimming speea Ar.alysis 
30 RE.M Written by Fritz Funk, 1r.ooitito6 by D"ve Mesiar 5/30/84. 
31 REM Tt,is progrcJD es-tin,a.tes ir,aivic.ual tish velucitir:s from ::.onar oata. 
32 REM Ir. its current torm it accepts aata trom the tile YUKONSPD.DTA. 
33 REM processes it. ano outputs to the fil<o YUKTABL.DAT. Data re~uireo 
34 REM in the oroer they app<oar in YUKONSPD.DTA are 11) SITE1 12) DATE: 
35 REM ,,3) XANGLE- - the angle ,1ae4rees) that the beam is ainieo oownstream tr om 
36 REM a line arawr1 perrJenaicular to shore; .(4} E.E:Afl~IDTH - (aegree.Ei) 1 
37 RU! 115) TIMEBASE -· ir. seconos/sweep. trom tbe <0hart recoraer: .t6) CHARTSPEEI 
38 REM the spee-6 with whic:.h paper moves t.t1rough the chart recoraer in mir1/sec; 
39 REMXl)DENTER- Ciistance ,1111111) cf fi.,h trcm transoucer upon entering beam. tror 
40 REM the cha.rt re:core:er;.(8)DEXIT - Cistarice 1ln.In) of .tish from transaucer wheJ 
41 REM leaving the beam1 1t9lTRACELE.ll - length \mm) of the trace on the chart. 
42. REM recorGer;1tlC)ANGLE;-angleolaeeirees)of the trace on the chart recoraer teer 
43 REM a line Crawn parallel to the shoreline. 
SO RDl The program will c..lso craw histograms. of swimSIJeeo frectuencies when 
51 REM connect.ea to a plotter. 
60 PRINl' CHRS 141: PRINT ,''YUKON Rl~ER SONAR A?<ALYSIS.": PRINT 
7 0 PRINT :PRIN'l' ,"YUKSWHl. BAS - Swimming speea Analysis~: PRINT 
7 5 DEF FNARCCOS (X) • -ATN IX/SQfql !-X•X l) +l. "7 08 
80 DEF FNDEG2RAD1tDEGREE.S) = 2 • :; • l •159 • DEGREES/36 0 
as DEF FNRAD:lllEG !RADIANS) • 57.2958•RADIA"S 
~o DIM PERIODLASELS 17) .SWIMSPD11:;5o.7): REM SWIMNEW(st.rata-perioos) 
110 WIDTH LPRl~'l' 255 
230 DATA ," sampling perioa 1 .!June 21- 19&3) •." 
240 DATA •• sampling per ioa 2 1June 23. 1983) • " 
250 DA1'A ; samplir,g perioa 3 (June :05, 1~83) •. • 
251 DATA ,• samplir.g perioa 4 \June 27. 1~83) •. • 
252 DATA ," samplir.g perioa !> \July 2. 1~83) •. • 
253 DATA; samplir.g perioo 6 \July · 3. 1!183) •. " 
254 DATA ; samplir,g per ioa 7 (June 21-July 3. 1~83) .,· 
27 0 FOR, I = 1 '.l:O 7: READ PERIODLABELS .1~): NEXT I 
280 PRIN'I': INPUT ,''Choose Beam wict.h 110 or 6 or O tor bot.ti)."; 5EAf!TYPB 
290 IF BE.AflTYPE; <> 10 MD BEAM'l'YPE <> 6 AND BEAMTYPE <> 0 THEN GOTO 260' 
300 PRl!i'.l::INPUl' ,''Choose ae.,ireo site 11-2 or 3 tor all)."! SELECTSI1'E 
310 IF SELECTSITE <> 1 P.ND SELE.CTSIT'E <> 2 AND SELEC'l'Sll'E <> 3 THEN GOTO 300 
315 OPEN ."0.",3.,"A:YUKTABL.DAT" 
320 OPEN ."I." ,2 •. "A:YUKONSPD.DTA" : NREAD • 0: NSELECT = 0 
330 PRIN1· CHRS I~): PRINT' ,"YUKON Rl~ER SOl•AR MALYSIS.": PRINT 
340 FOR STRA1'UM = 1 TO 3: FOR PERIOD = 1 TO 7 : SWUlSPD !STRATUM,PERIOI)) • 0: 
E:XT PERIOD: !<EXT Sl'RATU~l 
350 WHILE N01' EOF 12) 
360 INPUTt2.SITE.DATEo,XA?<GLE.BEAMWIDTH.TIMEBASE.CHARTSPEED,DENTER.DEXIT.TR 
ELEN,ANGLE 
37 0 NREAD • NREAD + 1 . 
380 PRINT ATt3-0) ,"Reaoir,g reccra number.",NREAD:.• Recoras selecteo:.• ;?>tSEL 
'l' 
400 DATE• VALIDATE~): GOSU5 1090 
410 IF SELEC1'SIT·E < 3 THEN IF SITE <> SELE.CT'SIT·E 1'HEN GOT'O 610· 
420 IF BEAfl1'1DTlt <> EBAMTYPE MD BEAMTYPE <> 0 THEN GOTO 610 
430 NSELEC1' • NSELECT + 1 
440 Dl = DENTE.R 
450 D2 • DEXIT 
455 IF D2 >= Dl THEN GOTO 610 

http:INPUTt2.SITE.DATEo,XA?<GLE.BEAMWIDTH.TIMEBASE.CHARTSPEED,DENTER.DEXIT.TR
http:connect.ea
http:1t9lTRACELE.ll
http:aegree.Ei


•• u l\L.t'.tl.A = b.t.P.l"l~J..Ll"J.ll 

470 R = 1'RACELEN 
460 G = CHAR1'SPEED 
482 'l:B&T Il'IEBAS E 
484 RE=TS•ioO 
486 PW•487-•5 · 

AOI= ANGLE 

DENGM • IR/G)>COS (FNDEG2RAD,\AO:J;)) 


540 SPEED = 0 
540 GOSUB 2SOO ~ 
046 EFFWID = FNRAD:i.DEG (EWA) 
547 PRI!<T ATll0.0) ,"Ettective beam wic.th is.";EFFWID; 
551 IF DENOM > 0 THEN SPEED = l1l1\Dl•RE/PW);·2 + ID2'RE/PW).'."2l - .(2••1Dl•RE 
w)' 1m2• RE/PW)) •cos (EWA));. 5/DENOM 
552 DIST = SPEED•DENOM 
553 PRINT AT tl2,0) ,"Distance 11~.) travelea through beant is.";DIST; 
56 0 IF SPEED < MIN THEN MIN • SPEED 
56 5 PRI1''£*3 .DATES, Bt;AMWIDTH .XA?<GLE ,Cl .02 .R. ANGLE .EFFliID ,DIST. SPEED 
57 0 IF SPEED >MAX Tel:;N MAX = ~PEED 
550 STRATUM = IN1'1l1\SPE.ED/.;) • 40) 
590 . SWHlSl!D1lSTRATUM ,l?ERIOl)) a SW IMSPD11STRATUM, PER IO!)) + l 
6 00 SiiIMSPD lSTRAl'UM, 4) • SW IMSPD<ISTRATUM, 4 l + l 
610 WEND 
620 PRIN'r· CHRS1(4l: PRil<T ,"S!'IKINE RIVER SONAR A?<l'.LYSis:· 
630 PRINl':l?RINT :·Input processir,g completea ••••.• 
640 PRIN'l': PRINT NRE.AD; .. Ir.put rt:cor C.:.5 WE: re reaa.:­
650 PRik'l'; PRINT ~SELE.C'l': ... Rt:corc.s WE:re selE:ctec tor this ~erioO..'" 
660 PRIN'l: ;MIN,~1AX," ,MIN.!liAX 
~7 O PRI!.1':l?RIK1· ;'Number of Fish per >iinute" 
680 PRIK':i:: FRI?-.''!' ,"Stratun;.",,"l'e:ric.6. l,.. ,,"l'erioQ. 2",.'"Perioa 3.",,"Perioa 4"',,"Per:. :l 

· ''Perioc 6" ,,"Perioa 7" :FRIN'l· 
FOR Sl'R/1TUM • 0 TO 3!1 

'1uO PRil>'.r STRATUM;: FOR PERIOD = 1 '!'0 4: PRH~T SWIHSPD1lSTRAl'UM,PERIOl));: NE 
PERIOD: FRIN'f 

710 NEX1' STRATUM 
720 NOBS = NSELECT 
730 FOR I = l 1'0 1400: TIME =I: NEXT I: REM PAUSE 
740 GOSUB ll60 
7 50 END 
760 REM SUBROUTI~E to collect yes/no from termi11al. Prompt is PROMPTS. 
77 0 REM 
780 INPUT YESNOS 
790 IF YES!>OS = "NO." OR YESNOS = ."no:· THEN YESNOS = ;NO.": GOTO 830 
800 IF YESNOS = ."YES." OR YESNOS = "yes.• l'HEN YESNOS • ,"YES.": GOTO 830 
810 PRINT: PRINT ; •••• l!esponse mllst be YES or NO. Retype response ••••.·: 
T 
820 GOTO 750 
830 RETURN 
840 REM enc yes/no 
850 REM 

!{EM SUSROU'fINE l'O I<El'URN DECIMAL l'IME FROM HOURS Ai;D MI~UTESl 
0 I (J H~M 

680 IF VAL(TIMES'l:RS) < .OOl 'l:HEN THiE = 0: RETURN 
8~o HRX = INT11VAL (TIMESTR~)/lOO) 
onn MINUTES\ • VAL(RIGHT~'(TIME.S'l:RS,2)) 

TIME = HRX + HINUl'ESl/60 
. , RETURN 

http:IN1'1l1\SPE.ED


•
iJO R!M tr:na Ce:cin-,al tinie: 

'!MO REM 
i~O REM SUBROUTINE to return llorizontal stratum 
ffO REM input parau1~ters: AVGDIST. EEMWIDTH. TIMEBASE 
!i70 Rf.M Retiµ:r.S_: .S'!:RA'l:'UM ==> outer ecge of 10 m stratu"' 
!t80 REM 
!t~O DISTM = 1lTUiEBASE• 7 !iO•AVGDIST/223.,) •cos (FNDEG2RAD lXMGLE+. ,. BEAMWIDT1.. 
1000 STRA'l:UM = INT1lDIS'l:'ll)/lO + l 
1010 RETURN 
1020 REM SU&ROUTfNE to return norrr1alizing constar~t :tor thi!:I stratum 
1030 REM input parameters stratum (l/lO at ai•tance) .beamwic.th 
1040 DEF FNAREA (R.ANGLf,) = .13.l'il!i9 • .IR~'2) • ANGL[;/360) 
10~0 DEF FNNORJ.HR.ANGL<;) ~ 10 • FNAREA llO.ANGLE) / (FNAREA lR-ANGLF;) - FNAREA1\F 
10,ANGLF;) ) , 
106 0 NORM = FNNORM \STRA'l:'UM• 10. BEAMWIDTH) 
107 0 RETURN 
1080 Rf.M 
1090 Rf.M SUBROUTINE TO C0!1PU'l:E PERIOD NUMBI;R. GIVEN DATE 
1100 PERIOD • 0: REM Compute Perice 
1110 IF DA'l:'E • 62lb3! THEN PI;RIOD = 1 
1120 IF DATE = 62383! THEN PI;RIOD D 2 
1130 IF DATE = 62583! THEN PERIOD • 3 
1131 IF DA'l:'E = 627 831 '!:'HEN PERIOD = 4 
1132 IF DA'l:'E = 702831 THEN PERIOD !iD-1133 IF DA'l:E = 7 03t3 l THEN PERIOD = 6 

1140 IF PERIOD = 0 '!:HEN PRIN'l:' ,"DATE ERROR A'!:' NREAD,SITE.DATE.TIME. ,"NREAD; 

ITE;DATE;TIMES;: END 

1150 RETURN 

116 0 REM Now plot the SwiJr.Jr.ing speec on the pen plotter. 

117 0 PRIK'l:': PRIK'l:' 

USO PRINT CHRS l4l: PRl~'l:':PRIK'l:' :·cMP-29 GRAPHICS PROGRAM .":PRINT:PRIN'l:' 

ll90 DIM SITELABELS l3).BEAMLABELSl7) 

1200 DATA :- Site l" • ."Site 2"' ."All Sites.· 

1210 FOR I= l '1:0 3: READ SITELAE>l:.LSl~): NEXT I 

1.220 DATA ,.. All Eearn Wic.ths.•· ,.'' ,",."Beam W1c.th 2." ,,..... ,,..... ,;· ",,''Beam Wiath 6." 
l:23 0 FOR I = 0 '1:0 6: READ BEP..MLABELS l~): NEXT I 
1240 TlS = .• ," + SITELAilELS lSELECTSITF;) + ,•, .• + BEAMLABELS lBEAMTiPE) 
12!i0 PRINT ,"MAIN TITLE IS: .•; TlS 
1260 NXS = .• Swirr.ming Speea 111!1/s ).": NYS = ." Frequency; 
1270 LPRlNT ,•;:HA EF Pl !i0,70 0 V4,": REM llilTlALlZE PLOTTER. ORIG., VELC 

-uao DEF FNCENT1lLS,CHRHElGH'.1') • •ILEN \LS)•CHRHEIGHT•6/7)/2: REM CALC CENT OF ST~ 
Ml 
J.:290 SS • "Sl3.": Xl ~ 100: Yl a 2200: LS = 'l:lS: GOSUB 2200 
1300 DATA •• Periaa l." 
1310 DATA ; Per ioa 4• 
J:3 20 DA'l:'A .. Peri00 3_• 
IJ30 DATA ," All Pericas.• 
J:340 FOR I = l '1:'0 4: READ PERlODLABELS l~): NEXT I 
J:350 XLEN = 400: YLEN a 400 

1360 DATA 200,1400 

1370 DATA llU0,1400 

1380 DATA 200,400 

1390 CATA 1100,400 

L400 FOR PERIOD = l TO 4 

J:410 READ XO: READ YO 

L420 TlS • PERIODLABELS,(PERIOD) 




·l 	 ~Ril\T ;MAIN '.l:ll'LE Is1 .• ;'I:lS 

IF SU.EC'l'SlTE • :<. THEN YDMAX.,10 ELSE illMAX " 10 

XDO • C:XDMAX·• 4 :NXTICS •S: Rf.II SET llATA X ORICUi AND MAX 

YDO • C: NiTICS • 5 

l\UI . • 

REM we OF INIT"IALI ZATION 

REM 


J XOLEll • XCMAX-XOO;YOL.11.N=YDMAX-YCO: R.EM CALC DATA SPANS 
J XSCALE • XL~/XDLE.N:YSCALh•;LE.N/YDLEN:PRll>T:Pl\INT: RU! SCALE DA'l'A TO PLOT 
J GOSUB 1650: REM DRAW AXES. TIC MARllS. TIC LABE.LS AND TITLE;S 
0 REM 
0 REM MAIN APPLICATION PROGRA!i GOES IN BELOW HERE 
0 REM 

,o FOR XX • 0 TO 39 STEP l 

10 IX • XX/10 

60 IY • SWIMSPDtXX,PERIOD) 


,90 IF IY > 0 'lB~ GOSUB 2580 

;oo liEXT xx 

510 NEXT PERIOD 

520 l\E.M FINISH 

630 REM END OF MAIN APPLICATION PROGRAM SECTION 

5~0 REI! FINISH 

550 REI! 

i60 REM 

70 I.PRINT ~PO ~ @•: REN RE:'l'URli PEN. RESIST AfiO D£SEL.ECT PLOTTER 


. 80 RE'l'URN 

090 REM DRAW AX~S 


.700 Xl=XO:Yl=10:X2=XO+XLEN:Y2=Yl;GOSU5 <090 
1710 Xl..X2' Yl=l2-2: X~=XO: ;.·2=Y0-2: GOSUB <090 
17" Xl=XO:Yl•YO:X2..XO:Y2=YO+YL~N:GCSU5 <090 
17 ;l=X2-2: Yl•Y2: X2=XO-<: Y2=YO: GOSUB 2090 
17 ~v R.11.M DRAW X AXIS TIC MARl\S 
1750 TICLEN "' 30 
1760 FOR IX = 0 1·0 NXTICS 
l770 .Xl=XO + IX'XL.11.N/~XTICS: ~l "' YO - TICLEN 
l7BO X'.l. • Xl: Y2 • YO 
'7 90 GOStJS :<090 
~•oo !iEXT IX 
.810 REM DRAW Y AXIS TIC MARllS 
.620 TICLEN • 30 
.830 FOR IY = 0 i'O NiTICS 
.a~o Xl & XO-TICLUI: 11 • YO + IY"YLEN/l'<Y'l'ICS 
.850 X2 • X01Y2 • Yl 
66 0 GOStJJ> :<090 


.&70 Nf.XT IY 

880 RE.II X AXIS TIC I.Ar.ELS AND THEN ~'ITLJ:: 


90 FOR IX • 0 TO HXTICS S'l'EP 2 

10 L$ • STRS·lXDO + IX•XDLE.N/f,XTICS) 

.0 Xl • XO + IX"XLLN/t1Xl:ICS - (LEN (L$)+.75)"27 .e4•6/7/2:1l • YO - CIN'l.(2.5• 
LEN) 

0 S$ •: Sl2 ": GOSUB 2200 

0 NEXT IX 


.o Xl =XO + XLEN/2 - FNCENT lNXS,27 .84) :Yl = 

,o '·$ "NXS• SS = ."Sl2"1 GOSUB 2200 


'Joi Y AXIS TIC LAllE.LS ANO THEN 'l'I'l'LE 

·~ _.;R IY • 0 'l'O NYTICS 

10 L$ • STRS,\YDO + IY•YDLEN/NY'l'ICS) 


http:LAllE.LS


l~~O Xl • XO - ··---·· ··""~U:'.i:,\L~,27 .84) :Yl • YO + lY•YLJ:.N/t•Y'1'lCS - 35.~ 
'2000 S$ • ."Sl2." :GCSU5 2200 
2010 NEXl: IY 
£020 Xl •XO - 7•'l:ICLEtl:Yl •YO+ YLJ:.N/2 - FNCENTi\NYS,27.84) 
2030 L$ • NYS: SS • "S42 .": GOSUB 2200 
2040 REM WRITE HAIN .TITLE 
20~0 NYT • 3 
2060 Xl a XO+ XLEN/2 - FNCEN'£1\Tl5,4l-76): Yl •YO+ YLE.N + CINT1\lilYT•YLEN/lO 
2070 LS = 'l:lS:SS • ."Sl2.": GOSlJB 2200 

· 2080 RETuR?; 
2090 Rut 
2100 REM SUBROUTINE l'O DRAW A LI!>.E FR~ Xl.Yl TO X2.Y2 
2110 RE.M IF LIKTYPS IS SE;~· AND NOT :Lo: LI1'E TYPE IS !'<ON-SOLID 
2120 REM 
2130 IF LINl'YPS • .•,• TH1'N LIKTYPS • ,"LO." 
21~0 XlS • STRS (CIN~:\Xl)) :YlS • STRS \CINT1\Yl)) 
2150 X2S • !'.TRS \Citl'l:1\X2)) :Y2S • STRS (CIN'i.'l\Y2)) 
2160 PRIN~· AT(lo,O) ,"LIKE DRAW FROM .";Xl;Yl;~ TO .";X2;Y2 
2170 LPRIN'l' ,"O .";XlS;,",.";YlS,.LI?-trfYPS;.• D ,'",X2S;.", ... ;Y2S;.'' U .'': Lih'TYPS •,"LO'" 
2180 RE.l'uRN 
2190 REM 
2200 REM Cl!ARACl'ER S~'RING PLCT'l:ING SUBROUTINE. STAI<'.I: Xl .Yl 
2210 REM STRIKG SS= ."Sl2+," OR E;OUivALEN'f (RQTAl'ION.HEIGHTJ 
2220 REM S~'RI!<G LS IS STRI!\G TO BE wRil"l'EN 
2230 REM 
2240 XlS = STRS \CIN't \Xl)) :YlS = STRS (CINT,\Yl)) 
2250 LPRit<i'l' ." U .. ;XlS;.'" ,," ;Yl$;." :' ;S$;L$;CHR$1l!:t5) ;." U .'' 
226 0 RE.TURI'. 
227 0 REM 
2280 REM 
2290 REM SUBROUTINE l'O Dl<AW CURVE WIT!l SE.Gl\ENl'S FROM Xl.Yl TO X•.Y2 
2300 REM h'ITHOUT LIFTING PEN 
2310 REM IF LI1'l'YPS IS SET AND NOT ,"LO." LI1'E TYP~ IS 1'01'-SOLID 
2320 REM 
2330 IF• LIN~'YPS • ."," l'Hl:.1' LIKTYPS = ."LO," 
2340 XlS = STRS lCIN'.1:1\Xl)) ;YlS = !'.TRS lCINl' lYl)) 
23 50 IF !<CTRAZ\o;QS < l THJ:.N LPRINT ," U :·; XlS; .• ,,"; YlS 
2360 NCTRAZWQS = NCTRAZ~QS+l 
2370 PRIN'l:: LINE DRAI' TO ,";Xl.Yl 
~3f:IO LPRIN'l' .~D ,"';LINTYPS;.",,";XlS;.",,";YlS: LINTlPS =."LO:" 
23 90 RETURN 
2400 REM . 
2•10 REM SUBROUTINE: TO DRAW A LEGE.NC STARTING AT XLEGE.NC, YLE.GEND 
2420 RE.M STRING IS LS, LINE TYPE IS LI?;TY~S, SPACING St.TWEEN SUCCESIVE 
2430 REM LEGENDS IS YLEGINC. ~.LL ARE IN Ul:.ITS OF XLE.N/10 OR YLEN/10 
24•0 Xl = XO + XLEGEND•XLJ:.N/10 
2450. Yl = YO + 1LEN - YLEGE.tlC•YLEN/10 - l<LEGUJC•YLEGI1'C•YLEN/l0 
2•60 X2 s Xl + XLEN/l0:12=Yl:GOSUB 2100 
247 0 Xl • X2 + 10 
2480 SS • ~ Sl2 ~:GOSUB 21~0 
24SO NLEGl:.ND = l<LEGJ:.NC + l 
Z500 RE.TURii 
2510 REM DRAW A HCRI?.ONTAL HISTOGRAM SAR AT IY TO llE.IGHT IX IE.OTB IN DATA UNIT 
~520 REM 

. 2530 YINC = YDLEN/ (N1l'ICS• 2) 
25 40 Yl= lIY-YDO-YI1'<;). YSCf;LE.+YO :x1~xo: y 2=Yl :X 2•1\IX-XDO) •XSCALt.+XO: GOSUB • . J 

2550 Xl~x•: Y2s .lIY-YDO+YINC)'YSCALE+iO: YMID • ,\Yl+Y2)/2: GOSUB 20~0 

http:l<LEGJ:.NC
http:NLEGl:.ND
http:XLEGE.NC
http:FNCENTi\NYS,27.84


.. C RETURN 
1 REM DRAli A HISTOGRlili Sl\R AT IX ···u tli.lGHT ll ·lEOTH 11'1 DATA UNITS) 
~ REM 
~ XINC • XDLEN/.\NXTICS•2.5l 
(J Xl• CIX-XDO) ""KSCALE+XO: Yl~YO :X2•Xl: Y2=,llY-YDO) •YSCALB+lO :GCSU5 ~lCO 
'I Yl=Y2: X2• IIX-XDO+. ~·x1~:c) ·XSCALE+XO: GCSUB 21CO 
Xl•X2:Y2•~0:GOSU5 2100 


.u RETURl'i 

JO REM This su&coutir.e computes the ettective beam wic.th at ttJe 

J~ REM aepth the solmon is traveling. The salmon i~ assumea to 

lC REM be heaaing exactly 0 ae9rees 1upriver), or XANGLE; must 
l~ Rl.M be correcteO to me&sure trom the perpenoicular to 

,20 REM the oirection of saln1on travel. 

J2~ REM 

il26 PRINT AT;\14,0) .,•aenter is:;DENTER; 

~27 PRl!i'.l" AT.ll~,0) ."aexit is.";DEXIT; 

000 EWR•DENTER/DEXIT 


.010 IF EWR > l '.l·HEN 3CJ3G 

}020 EWA • 01 GOTO 31~0 
3030 EWM = FNDEG2RAD.(~0-Y.ANGLF;) 
3 040 EWP • FNDEG2RADcl~O+XANGLF;) 

3050 EWC • EWR•SIN \EWll)-Sli' !EWP) 
3060 EWC • EWC/(EWR•COS(EWh)-COS(EWP)) 
3070 EWA• ~i•ATN(EWC) 
3060 TES'.l'E • 21"F1'DEG2RAD•\XANGLE) 
3 o~o '.l'ESTC • FliARCCOS (uEAIT/DEN'tE;l!) 
3100 IF lTESTB < EWA) THLN EWA=TES'.l'B 
3110 IF ·lTES'l:C < EWA) THEN EWA='l:ES'l:C 
31~0 RETURN 
3) 'O PRl~T FNRAD~EG (EWA);. aegr~es •.• ;EWN~;." iterations •. " 

RE'.l'UR!i 
3. , REM Et.D OF SUBROU'.l'l!>IE; FOR EFFECTIVE BEAM WIDTH CALCULATION 
3150 REM 
Ok 

http:XDLEN/.\NXTICS�2.5l
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I{, ~"' ~ ~~ <2' 
/.../;, ~ :.,\i ~;y !' t ~ ,p 

"' ,,q~ ~ i} t...~ \)~ ~ <:) 

1.062163.41.0;06.0;0.03-l.50.164.0.179.0.05.0.ol.O 
1-062183.41-0.06.0.0.03-l.50.240.0.234.0.05.0.74.0 
1.062183-41.0.06.0.0.03-l.50-228.0.221.0.06.0.76.0 
l.062183.41.0.06.0.0.03-1.50.381.2.376.2.07.0.78.0 
l.062183,41.0.06.0.0.03-1.50.414.9.406.9.0b.C,76.0 
l.062183.41.0.06.0.0.03-1.50-316.4.313.4.06.0.70.0 

.~-

l.062lb3,41.0.06.0.0.03.l.50.315.4.312.4.06.0.80.0 
l-062lb3.41.0.06.0.0.03.l.50.lbl.0.175,0.06.0.85.0 
l.062183.41.o.06.o.o.03.1.50.100.o.095,o,05.0.85.o 
l,062183,41.0.06.0.0.03-1.50-406.9,391.9,0b.C,78.0 
1.062183,41.0.06.0.0.03-l.50.193.0.188.0.05.0.85.0 
l.062183.41.0.06.0.0.03.1.50.339.4.332.4.06.0.67.0 
l.062163.41.0.06.o.o.o3.1.5o.353.2.345.2.01.0;80.o 
1.062163,41.0.06.0.0.03.l.50.437.9.425,9.0b.C.78.0 
1.062183-41.0.06.0.0.03-l.50.3>1.2.379.2.07.0.80.0 
1.062163,41.0.06.0.0.03-l.50.412.9.3>3.9.0b.C,80.0 
l.062183.41.0.06.0.0.03-1.50.112.0.104.0.0b.C,80.0 

·" 
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f\l?t'J.::1·JOIX '.i.'c.tule l(-4 

0 
w~ri:icierit. or v.::i.ri<.:i.t:i011 uaw U~/ .::iuuil.:ive 3-1LliliL\te tilfte Dlocks ror 11car-ooti::ao scar1i1i11g witil a 2 


1:.ru.rJ;..;UUCCr. l.i0rd1 Lli:l1Lk, lower 'Y-ukon f~ivec, 11~-.ar t'i1oi:. St.acio11; ~ <ll'lU 3 July l~t!3 ~ 


'.L'i1al.! (1n111ui::e.s) 

,S·c.o. L.l:.; ClCS 3 6 12 15 13 21 24 27 30 

----------~--------------~-------------------------------------------------------~-------------------~------· 
l"·i 25 12 b 6 s 4 3 3 2 2 

SW.hi 339 322 322 322 33~ 322 254 322 219 246 

~ 


l.~d.J. 13.56 2G.B3 40.25 53.U7 67 .i:.10 U0.50 U4,67 107.33 10~.50 123 .oo 
_;]} 

b. L\;V. 6.';)"/ 12.10 lU,50 22.06 26.24 32.15 32.59 40.50 51.62 '..i~.33 
_;]} 


(~. v. ou.46 tl.~ .11 45.~U 41.11 31J.71 3~.94 31l,5U 37 :13 47 .14 tl:L .S4 

_;]} ,. ,,. 

..i. Lio U.31 10 .':J~ 13 :10 13.73 13.95 16.22 17.8'! 2U.33 24.U2 
c.v. 

_]/ 
i·. = 1-JLU:u;r or "L." 1t1:i.11Utc tii.:lc! 01oc;~:.; ii1 &1.IL!i....11.;. 
~lU,d = f..Uh~[ l.ii. il!..ili L:OLUfL.Ll ioi: l'lr t.-1tU1lliCE: t.11,~o b.iOl..f.:.:;. 


l!L:~Lll = i~V~['-'I_:<..! llllh~[ l.i:L i.:i;:.;11 LOLUn:.:.; ~.(;:[ I!, t:-i.1.llllit.:l! Cl!lll;: ulUL:Ki.;; • 


.s. Lev. = !-.i.:.....11LUCl.. u.::vic.i:.1011 ur t.11"'-' ..1..:u.11. 

C.V. = Co0.i:r1ciL!11t 01 voi:iu.:.io11. ,.. 
._,. L:.. 

1...:. v. 

http:1..:u.11
http:L:OLUfL.Ll
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Coer:.Ll.L.:ll!lfl: u.t Vi.J.riucio11 tLu:~ DJ' <.tuuitive 3-11ur1ute ti11ie bi.OCKB i.:or !:JOOled (near-su[tilce, 11tiU-\\IUtcr, 
.:..i.1u nt.2..1r-uoc.i:or1t) scar111int.J i;.i.SL;ccto WlQ1 '-1 2° tc.:;.rl!Juuce[. tk>[tll i:Jo:LnJ~ oJ: lONer YuKor1 ltiver, 11car lJiloi.: Swtior1; 
2 .:u1u 3 July l91:i3. 

--~------------------------~-------------------------------------------------------~----------

3 6 9 12 15 18 21 24 27 3U 

~-~-~---~-~-~~-~-~~---------------~--------------~---~-~------~~-~------~------------~-~---

l• uo 39 L!ti 19 16 13 10 ~ 7 7 

.Sw.i 4"/4 454 454 446 /';/4 452 369 436 306 364 
_JJ 


l-Jl:Cil j 5.92 11.64 17.46 23.47 29.62 34.T/ 36.YO 48.44 43.71 5~~ .oo 

.1/ 


ti. 1.~v. ti .S2 12.34 li:i.25 23.~0 '.l9.J4 34.56 35.09 46.69 46.UU 4Si.91 
_]j 

c. v. 10~.96 105.99 104.52 101.83 0~.05 9~.38 ~5.09 96.36 107.25 !:i!:i •"J.I 
_]/ 

s. ~. 16.U7 21.62 23.l:i'7 21::.00 3U.B 33.G2 35.64 3b.3!1 ,, .O'I L!3 .".:!4 
c.v 

---------------------------------------------------------------~---~----------------~------------------------

_l/ 
t·; == l!l..J.Hlo.A.:[ ui "t" Jhl)Jllt:.~ i:.i.J ..c ulucO:Ll i11 ;.;,:,.,,i,1i,..l0 

:::;u1.. = l..1i..ll:1L.J..;[ u..: .a:1w1 Colil11:.::., .i:or l;, 'i;.-1uir1ui:e t.ill~G U!OO~:.;. 


i JL:iJ.1.1 == i11Je[.-.:";)l! JlllHll.Jt![ a.a: ri:.:.u·; l!UlJ!r'c.~ i_~r 11, t-J..il<LlL~ LiJui:! u.l(Jl!J'.1..i. 


L'.. V. == Cv...:1-.L.i.t.:iu;,[. tu. 'vi,[luLl(iJl. ·' 
L>.i:;. :::: Lt.:.uliU:l.Li... ~rt-ur u.r t1.1L" Cv..:!l.1.lL:i.~1.t OJ.: vur1u.1:.iu11. 

c. v. 

http:Lt.:.uliU:l.Li
http:JlllHll.Jt
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