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INTRODUCTION 

The Anvik and Andrea£aky Rivera are the two largeat producer• o£ 
au•••r chua aalaon <Qn5g£b~~5~Y~ ~~~~) in the Yukon River 
drainage <Figure 1>. Bukl~a (1982> eatiaated that the Anvik River 
alone aecounta £or 35~ o£ the total production. Other known ••Jor 
apawning populations oocur in the Rodo, Nulato~ Giaaaa, Hogatza, 
Meloz.itna, Tozitna, Chene, and Salc::.ha Rivera. Suam.er chua aalaon 
apawn . in l .... r nuabera in other tribut.riea o£ the Yukon River. 
Chinook <9.:, SY§'!!!~~~> and pink <Q.:. S!2!:1:!!!!s!ls> aalaon occur in 
the Anvik and Andrea£aky Rivera coincidentally with auaaer chua 
aalaon, while coho aal~on <~ ~!gytsg) are known to occur in 
aaall nuabera in the ~all, but their abundance ia not aonitored. 

Coaaercial and · aubaiatence :fiaberiee that harveat Anvik and 
Andrea£aky River auaaer chua aalaon occur throUghout the aatnatea 
Yukon River £roa the coeat o£ the delta to the aoutha o£ the 
raapective tributary atreaaa. Set and dri£t gillnata are the 
legal :fiahing gear in Diatric:t.a 1, 2, and 3, while aet gillneta 
and :fiahwh .. la aay be uaad in Diatric:t. 4·. Moat o£ the e:f£ort and 
harveat occur• in Diat.ricta 1 and 2, and in the· lower portion o£ 
District 4, near the Anvik River. Fiah taken coaaercially in the 
lower thr .. district. are .:fraah £rozen, while Diatrict 4 ia a roe 
fiahary due to aarket condition• end £leah quality. Coaaercial 
and aubaiatence auaaer chua ealaon £iahariea in the reaainder of 
Diatrict .4 and in Diatrict 6 c• aupportad by at.ocka other than 
thoae of. the Andrea£aky and Anvik Rivera. Vary :few auaaer chua 
aalaon are herveated in Diatrict ~ due to the lack o£ aign1£icant 
spawning population• in that portion o£ the drainage., There are 
no ecale pattern, electrophoretic, or aark-recaptura stock 
identi.:fic:ation data available on Yukon River auaaer chua aal.aon .. 

Ch~nook aalaon are the target apeciea o£ the lower Yukon River 
<Diatricta 1, 2, and 3> coaaerc.ial £iahery during 3une and early 
July. Fiahing ia peraitted with unreatricted aeah size gillneta 
until changeover to 6 inch aaxiaua aeah aize ia required by 
EaergencY. Order. In aoat years the aaJori.ty o£ the au-er chua 
aalaon run baa paaaed through the lower river diatricta be£ore 
the changeover to chua aelaon gear. Aa • reault_, aoat. o£ t.ha 
auaaer chua aalaon coaaercial barv .. t in the lower Yukon ia taken 
£roa the-later portion o:f the run. The Board o£ Fi.aheriea haa 
dirac::ted that, beginning with the 198S aeaaon, there aay ba 
apecial aaall aeah gear openninga during the chinook aalaon 
aeaaon to optiaize harveat o£ auaaer chua aelaon. Th~~ would 
require that a relatively large auaaer chua aalaon run ia in 
progreaa, and that the incidental harveat of chinook aalaon would 
not be aubatantial enough to have an adverse a££ect on the 
aanageaent o£ that apeciee. The District 4 coaaercial £iahery is 
directed priaarily at chua aalaon. Subaiatenca £iaheriea in all 
:four district• take auaaer chua aalaon priaarily :for sled dog 
:food. 
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Suaaer chua aalaon eacapeaenta to the aaJor spawning areas in the 
Yukon River drainage have been eatiaated by aerial survey £roa 
£iked wing aircra£t on a conaiatent baaia since the early 1970~a. 
Aerial aurveya ar• subJect to error and variability due to 
weather and atreaa conditione, ti.tng o£ the aurvey relati~• to 
apawning stage, and subJectivity and experience on the part o£ 
the oba•rver. The counta obtained are only indicae o% abundance 
since not all aalaon preaent on the day o£ the aurvey are usually 
aeen, and earlier and later apewnara are not preaent. However, 
the .. indices, i£ obtained under atandard~zed conditione, can be 
ueed to aonitor the relative abundance o£ apawning eacapaaenta. 
Aerial aurveya are the aoat £eaaible aethod o£ aaaeaaing aelaon 
eacapeaenta in t•r•• o£ coat and ata££ liaitationa in a waterahed 
•• iaaenae and reaote •• that o£ the Yukon River. 

The Alaska Departaent o£ Fiah and Gaae <ADF~G) haa continued the 
aerial aurvey prograa while intenaively atudying a £ew iaporeant 
and · repreaentetive tributary atreaa aalaon apawning populationa. 
The Anvik and Andrea£aky Rivera have been choaen £or auaaer chua 
ealaon reaearch atud~ea. Thia report preaanta reaulta o£ theaa 
atudiea £or the 198S £1ald seaaon, and provide• recoaaendationa 
£or 1986 proJaet operationa. 

ANVIK RIVER SALMON STUDY 

The Anvik River <Figure 2> originate• at en elevat~on of 1,300 
£eat and £lowa in a aoutherly direct~on approxiaataly 120 ailea 
to ita aouth at aile 318 o£ the Yukon River. It ia a narrow 
runo££ atreaa with a aubatrate o£ gravel and cobble, except in 
the upper reach where bedrock ia expoaad. The Yellow River ia a 
aaJor tr~butary a£ the Anvik and ia atained with tannic acid 
runo££. Downatreaa o£ the Yellow River con£luenca the Anvik River 
changaa froa a aoderata gradient ayataa to a low gradient ayatea 
aeandering through a auch broader £lood plain. Water clarity ia 
reduced downatreaa o£ the Yellow River. Nuaeroua oxbows, old 
channel cuto££a and alougha are found throughout the lower river. 

Salaon eaca~ent wae anuaerated froa counting towers located 
above the Yellow River £roa 1972 to 1978. A. aita 5-1/2 ai~ea 

above the Yellow River waa ueed froa 1972 to 197S~ and a site at 
Robinhood Creek, · 2-112 ailaa above the Yellow River, waa u .. d 
£roa 1976 to 1978. Aerial aurveya ware flown each year Cexcept 
1974) in £ixed-wing aircraft to eatiaata aalaon abundance below 
the tower aite. High and turbid water a£tan a££ecta the accuracy 
o£ viaual aalaon enua~ation £roa counting tower• and aircraft. 

The Electrodynaaica Diviaion o£ the Bendix Corporation developed 
a aida-acanning aonar counter dur1ng the 1970~& capable o£ 
detecting and counting aalaon aigrating along the banka o£ 
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tributary atreaaa. Tbe aonar counter ia deaigned to tran .. it a 
aonic beaa along a 60 £oot aluainua tube, or aubatrate. £choea 
£roa aalaon pa .. ing through the beaa are reflected back to the 
transducer. The ayataa electronics interpret the atrength and 
nuaber o£ the echoes. and tally aalaon c:ounta.. Criteria for 
atrangth and frequency o£ the echoes ar• designed to optiaiza 
counting o£ aelaon and ainiai2e any non-aalaon counts Cie debria 
or other £iah · apeciea>. Salaon eac:apeaent waa enuaeratad by aonar 
beginning in 1979, replacing and proving superior to the tower 
counting aethod. One sonar counter baa been inatallad on each 
bank o£ the Anvik River near Theodore Creek each year. Aerial 
survey date indicate• that virtually all auaaer chua aalaon 
apawnera are found upatreaa o£ this aite. 

Methoda and Materiel• 

Two 1978 aodel aon~ counter• were operated without artificial 
aluainua aubatrate tub .. throughout the aeaaon £or the £ir at tiae 
on thia river. Thia waa done in an att .. pt to eliainate sonar 
counting error aaaociated with aalaon ailling adJacent to the 
arti£icial auba"tratea., or awi-ing beyond the counting range, aa 
haa occurred in the paat. Each sonar tranaducer waa aounted in 
the 4 £t tranaducar houaing and piece. The aaat and weat bank 
aitea uaed in previoua year• were probed to locate uni£ora river 
bottoa gradianta that would provide optiaua aur£ecaa £or 
inaoni£icat1on. Traneducer houainga were rotated downatreaa until 
the aonar beaa wea Juat above noiae £roa the river bottoa. 
Counting rangea were aet auch that. the entire width o£ the river 
waa inaoni£iad. W.ira prevented aalaon peaaage inshore o£ the 
tranaducer on each bank. Transducer• were aoved inahore or 
o££ahore •• required by £luctuating watar levala. 

Sonar counts were totaled electronically in twelve aectora :for 
each bank and printed hourly. Sector counta aiaaing aa a reault 
o£ debria or printer aal:£unction were eatiaated by averaging the 
count• in the •••• aector £or the hour be£ore and a:fter the 
aactor count in quaation. Counts were totaled daily £or each- bank 
uaing an electronic calculator, and the aaat and weat bank totala 
auaaed to ob~ain a daily eacepeaant eatiaate. Since auaaer chua 
aalaon greatly outnuabar chinooka and pinka, and the countara do 
not diatinguiah between apeciee o£ aalaon, all sonar c:ounta ware 
attributed to auaaer chua aalaon. A aeparate aacapeaent eatiaate 
£or chinook aalaon waa obtained by aerial aurvey. 

Each aonar counter waa calibrated £our tiaea daily by observing 
£1ab pa•aag• with an oacill oacope £or a lS ainute period. Salmon 
paaaing through the aonar beaa produce a diatinct oacilloacopa 
trac•. Sonar an.d oacilloacope counta for each calibration period. 
were related in tha £oraula: QsSS/SC. where SS = aide scan sonar 
counts. and SC = oacilloacope counts. The existing £ish velocity 
aatting waa aultiplied by Q to obtain the correct new setting i£ 
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the di££erence between the counta waa greater than 1~~. The 
aystea waa then recalibrated at the new aetting. A record was 
kept of' all adJustment• to the aonar equipaent. Fiah paaaage was 
visually enuaerated £roa 10 £t counting towera during sonar 
calibration perioda aa a £urther check on sonar accuracy whenever 
water and light conditions allowed. Polaroid sunglasses were worn 
to reduce water aur%aca glare. 

Daily sonar counta ware adJuated after the £iald aeaaon baaed ·on 
the calibration data. The daily adJuataent £actor ia the aua o£ 
calibration oacilloaco~e counta £or that day divided by the aua 
o£ calibration sonar counta £or that day. Daily sonar counts were 
aultiplied by the daily adJuataent £actor to obtain corrected 
daily sonar counta. Mean and standard deviation o£ date o£ 
paeaage were calculated £allowing the aethod presented by Mundy 
(1982>. 

Water depth pro£ile at the aonar ai te wea aecs.aured at 10 £t 
intervals acroaa the width o£ the river by probing with a pole 
aarked in 1 in increaenta. Cliaatological data ware collected at 
noon each day at the caapa1te. A pole aarked in 1 ca incrementa 
waa aet in the riv.r. Changea in water depth are praaanted aa 
negative or poait1va £roa the initial reading o£ 0 ca. Water 
teaperatura waa aeaaurad in degreea centigrade near shore, at a 
depth o£ about 1 £t. Daily aexiaua and ainiaua air teaparaturaa 
were recorded in degr ... centigrade. SubJective notea were kept 
by the crew deacribing wind speed and direc:tion, cloud cover, and 
pracipita-eion. 

A beach .. ina C100 £t long, 66 aaahea deep. 2-1/2 in •••h> waa 
aet near the sonar aite to capture chua and chinook aalaon £or 
age, aex, and aiza aeeauraJRenta. Chua and chinook aalaon were 
placed in a holding pen, identi£ied by sax, aeasured £roa aid-eye 
to £ork o£ tail in aa, and one acale waa taken £or age 
deteraination. Scales were reaovad £roa an area poat.erior to the 
·baae o£ the doraal £in and above the lateral line on the le£t 
aida o£ the £1ah. The adipoae £in waa clipped on each £iah be£ora 
raleaae to prevent raaaapling. Chinook aalaon carcaasea were 
aaapled in Auguat to aupplaaent the beach aaine aaaple. Three 
acalea ware taken £roa each earcaaa. Scala aaaplaa ware later 
preaaed on acetate carda and the reaulting iapraaaiona viewed on 
a aicro£iche reader £or age deteraination. 

Reaulta and Diacuaaion 

Two· aonar countara ware operated £roa 26 June through 28 July, at 
approxiaately the aaae aitaa uaed in previoua years (Figure 3). 
The east bank transducer waa located along a cutbank, 10 £t 
o££ahore and at a depth o£ 3 £t. The weat bank tranaducer waa 
located along a gradually aloping gravel bar, leaa than 100 £t 
downstreaa £rca the eaat bank site. The tranaducer waa SO £t 
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of%ahore and at a depth of 2.5 ft. The entire width of the river 
between the transducers waa inaoni:fied. River bottoa gradient waa 
aaooth, with no obat.ruct.iona to· the aonar baaa, and aaxi.aua depth 
was 6 :ft.~ aeaaured on 23 June <Figura 3>. 

River water laval waa very high when the crew arrived to begin 
proJect operations due to lata river ica breakup, deep anowpack, 
and rain <Figure 4). Two pulaea o£ even greater runo££ peaked on 
2 and 8 J'uly, caua.ing di££icultiea aaintaini.ng the accurate 
aiaing o£ the aonar tranaducara. A large apruce tree :floating 
downriver severed the tranaducer cable on the aaat bank on 2 
J'uly, and the inahora weira ware waahed out aaveral tiaaa. Water 
levels declined steadily a£ter 8 .July through t.e2:'aination o£ 
sonar enuaerat.:Lon# then began to riae again on 1 Auguat as a 
raault o£ ateady rain and overcaat weather. Water teaperature 
ranged £roa a low o£ 9 C on ~ 3une to a high o:f 18 C on 5 
Auguat, while air taaperatura ranged £roa a low daily ainimua o£ 
2 C on 26 J'una to a high daily aax.iaua o~ 28 C on 20 July. 

Suaaer chua aalaon were not paaaing the eonar ait.e in aigni£ic:ant 
nuabara until 5 July. The round housing t.ubaa uaed to deploy the 
tranaducara were not e££ective in high water conditions £or 
aevaral raaaona. Firat, riaing water levela altered the 
orientation and waahad out gravel £roa beneath the tubea, even 
though they · were tied in poaition aa securely aa poaaible. 
Secondly, once the water had riaan aubatant.ielly, it became 
impoaaible to adJuat the tranaducer aiming without coaplately 
re•oving the entire aaaeably and redeploying it in ahallower 
water. Recoaaendationa £or an iaprovad tranaducar deployment 
aaaeably are diacuaaed in the £inal section o£ thia report 
CConcluaiona and Raco••endationa). Daily counta £or 8-10 July 
were interpolated uaing the daily counts £or the day be£ore and 
a£tar this period. 

The aeaaon eacapeaent eatiaate £or the entire period 5-28 July 
waa 1,080,243 auaaar chua aalaori <Table l)a Buklia <1982> 
expanded the aeaaon eacapeaent eati•at.ea £or 1972 through 1978, 
aaking it poaaible to aora directly coapare v.iaual count 
eatiaatea froa thoaa yeara with the aore recent sonar count 
aatiaatea <Figura 5). The 198~ eacapeaent waa aecond only to the 
1981 parent year eacapeaent. o£ nearly 1.3 aillion £iah, waa 2.2 
tiaea greater than the escepeaent obJective o£ 487,000 £iah <ADFG 
1984>, and waa 2.0 tiaea greater than the long ter• average 
<1972-1984> o£ ~49,82? £iah. 

Suaaer chua aalaon eacapeaent to the Anvik River ia a function of 
barveat. aanageaent strategy, priaarily in Districts 1 and 2, 
which ia in turn a function o£ chinook aalaon run timing and 
harveat aanageaant at.rategy £or that apeciea. The very late run 
tiaing o£ chinook salaon in 1984 and 1985, and consequent late 
changeover datea to chua aalaon gear in the coaaercial :fiahe2:'y, 
contributed to the largest conaecutiv• year eacapeaent.a ever 
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Titll1 1. Arrrik Rhr __.. ch•lll.an SOMr COUIJis by dit .. 1985. 

Wist 11M East BMk Entim RiYa' 

Ia AdJust Ccrrlct 1M AdJust Clrrll:t Daily SIIIGft DUly SelliGft 
Data Daily Factor I Daly Dlily Fctcr a Daily Count Count: Prop Prop 

05-Jul 6,515 0.87 5,6&1 124 b 2,330 7,991 7,991 0.0074 0.0074 
06-Jill 41,751 1.02 42,SB6 5,120 0.91 4,659 -\7,245 55,243 o.o.m 0.0511 
07-JIIl 45,321 1.00 45,328 10,763 1.00 10,763 !!6,091 111,334 0.0519 0.1031 
08-Jul 8,617 b 47,186 7,165 b 11,392 58,S18 169., 912 0.05\2 0.1573 
Of-Jill 7,217 b 49,a.4 4,993 b 11,221 60,~ -177 0.05 0 • .2131 
1o-Jul a.,4a b ~902 6,819 b 11,~ 61,952 292,129 0.0574 0.2704-· 
11-Jil 11,519 0.&1 52,761 14,703 0.74 10,880 6.1,641 3S5,770 o.os 0.3293 
12-Jil !1,762 0..72 66,0&9 31,542 0.97 30,& !6,664 452..434 0.0895 0.·4188 
13-111 103,812 0.87 90,316 37,794 1.00 37,19t 128,110 510,544 0.1186 0.5374 
14-Jil 71,745 1.07 83.187 28,38S 0.!3 26,391 109,511 690.12! 0.1014 0.6389 
~Jil 63,214 0.91 57,25 11,434 1.01 19.909 77,W 767,& 0.0717 0.7105 
16-Jal 37,167 1.01 J7,539 25.216 1.01 2S,468 6.1,007 830,59 o.osaa 0.7689 
17-Jil 25,601 1..10 28,161 17,986 0.90 16.187 44,3t9 874,918 0.0411 0.8099 
1&-J'Il a\,071 1..00 a., on 12,911 1..04 U.427 37,498 912.416 0.~7 0.8446 
19-.ful 16,909 1.00 1&,909 9,614 1.07 10,287 27,196 939,612 0.0232 0.8691 
aG-Jal 23,080 0.95 21,926 13,570 1.03 13,977 35,90.1 m,St:s 0.0332 0.9030 
21-Jul 19,0M 1.01 19,214 7,811 1.01 7,889 27,103 1,002,618 0.0251 0.9281 
22-Jul 17,3Q2 1.01 17,475 5,103 0.94 4t797 22,272 1,024.890 0.0206 0.9W 
23-JIIl .L2,5t3 0.91 11,414 3.1" 1.05 3,~ 14t7&a 1,039.658 0.0137 0.962• 
~ul 9,:541 0.9! 9,453 2,416 0.87 2.,101! 11,5154 1,0S1,212 0.0107 0.9731 
2S-JIIl 9,060 o.,, 8,154 2., 157 0.87 t,m 10,031 1,061,243 0.0093 o.~ 

2rJu1 &.729 0.98 &.9 1,31:5 1.17 1,539 8,1ll 1,069.376 0.0075 0.9899 
21~ul 4,970 0.95 4,722 1,395 0.90 1,25 5,977 l,~.m 0.0055 0.9955 
28-Jul 1,691 c: 3.,618 6M r: 1,272 ~890 l,OS0.243 0.0045 1.0000 

Totals 7&5,672 7!1,821 269,214 .280,423 1,080,243 1.0000 

I AdJuR.rlt fl&:tar is till daily SU. of WiirBion oscill~ t:OIII'Its dividtd by thl diily SUI of 
calibration !ICNI' counts. s. TIDl• 2 and l for sonr calill'aian dUL 

b Rllf !IGftll" c:aunt is only a partial E:OUnt dill to high -.nr Md Mllhld out Mtir. l:orrlr:tlld eount 
l:il.lcululd 1Jr intlrpolati'ng the CCII"'"'CtCtl count for tt.. d~y t.fal"'' IN aftr thl priad in qutiStion. 

e ScNr coWwl _.. Ofll!l"ltm far 1! havs only CGOOO-la!OJ. Cornction factors basad an SOftill" 

ealibratiCN 011st SiNP1. aT, East Blri-0. 93J _.. •ild to ~"• counts, and COI"!"K'tli!d 12 hour 
counts ..-e thl!!ft IIU!tiplili by 2 to obtain daily aliiiMt& 
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Figure 5. Anvik River summer chum salmon escapement ~stimated by combined 
tower and aerial survey counts, 1972-1978, and by side-scanning 
sonar, 1979-1985. 
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documented to the Anvik River. 

A total of 20.06 houra o£ aonor calibration waa conducted over a 
24 day period at the weat bank aita, and sonar accuracy <sonar 
count/oacilloacope count> averaged 1.11 <Table 2>. High and 
turbid water aada it di££1cult to obtain a viaual check on aonar 
accuracy. Although visual CQunta could not be used to calibrate 
the aonar electronica, they d~d provide a aeaaure o£ salmon 
apeciea coapoaition. A net upatreaa total o£. 6,S70 chua aalaon* 
12 chinook aelaon, and 11 pink aalaon waa visually enuaarated at 
the weat bank aite during all calibration parioda coabinad. Sonar 
accuracy averaged 1.04 £or 18.69 boura o£ oecilloacope 
calibration at the eaat bank aita over a period o£ 23 daya <Table 
3) • A nat upat.reaa total o£ 2, 700 chwa aalaon., 17 chinook aalaon,. 
and 3 pink aalaon waa visually enuaeratad during theaa 
calibration perioda. Daily calibration oecilloacope and sonar 
counta £or each bank were uaed to adJust the daily sonar counta 
£or that bank, which were then auaaed to obtain corrected daily 
eacapeaent estiaatea. 

Peak daily counta o£ 128.110 and 109.585 auaaer chua aalaon 
occurred on 13 and 14 July, respectively. The•• daily counts 
repreaented 11.~ and 10.1• o£ the total aeaaon eac:apeaent count 
CFigure 6>. Maan · date o£ paaaage occurred on 14 July. with a 
standard deviation o£ 4.78 daya. Run tiaing waa clearly the 
latest ever docuaanted £or the Anvik River eacapeaent. The 
tiaing pattern waa very coapraaaed and £or the £irat tiae waa 
aaaantially uniaodal. Reasonable inaeaaon proJeCtion• o£' total 
eacapaaant could not be generated in 1985 uaing the hiatorical 
run tiaing data baaa aince the 1985 eacapeaant tiaing pattern was 
ao atypical. 

Teaporal diat.ribut.ion o£ the coabinad eaat. and weat bank sonar 
count• by hour doea not indicate • diatinct dial pattern £or tha 
entire aeaaon aa a whole <Figure 7>. However,. atrati£ication o£ 
the aeaaon into early <S-12 July>, aiddle (13-20 July>,. and late 
C21-28 July> coaponanta indicates that while the pattern ia atill 
not atrong £or any o£ the atata, it ia aore distinct £or tha late 
strata then £or either o£ the others. This ia probably due to the 
greater dial variability in light intensity aa the season 
advancaa a£tar the auaaer aolatice. Counta were lowest during 
1000-1100 (3.2~ o£ daily total> and greatest during 0300-0400 
<S.8~ o£ daily total> during the late strata. 

Spatial distribution o£ sonar counta by_aector indicates that 
virtually all aalmon paaaege occurred in the £irat and second 
sectors o£ the west bank and the £irat aec:tor o£ the eaat bank 
<Figura 8>. Two £actora account £or thia. Firat,. the aonar 
counters were operated without the aluainua aubatrate tubea £or 
the £irat tiae at thia aita. and aal•on apparently £ollowed a 
aore natural inahore aigration route than baa been docuaentad in 
the past uaing the arti£icial aubatratea. Second,. vary high water 
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TUle 2. llsdllCI5COPI ind vi5W calilrdion of Sil~~~t IOJIIr l:llC!Ms d tlw Anvik Ri'VII" · 
..t lllftk stta. tm 

ViiU&l Coed il 

Dha CJiftiXIk Pink 
Hours bar ac. Sonlr/ 

Data tori Calnt Count Scope Up Dealt NR Up .oc. Nat Up Do.ln Hilt 

«Will 0.!18 Sl 514 1.1:5 304 0 :M 
C&-Jul 1.00 1,305 1,337 0.98 
07-Jil 1.17 1,624 1,619 1.00 
C.JW. 0.67 39! a 1.17 
09-Jul 0.~ 739 7'!i1 0.98 
lo-Jql O.&l 1,218 923 1.32 1«5 0 1cl5 
11-Jul 0.67 1,~ 971 1.-U 1151 0 457 2 0 2 
12-Jul 1.25 2,SI5 1,851 1.40 1.1!6 ~ 1,190 ' 0 6 1 0 1 
13-Jil 0.62 1,295 1,tn 1.15 fill 1 661 
14-Ju 0.67 1,297 1,385 0.94 7'J7 3 ~ 
15-Jil 0.42 !11 8.11 1..10 172 1 171 
16-Jil 0.67 672 677 0.99 M 4 545 

• 17-Jlll 0.~ ~ &44 0.91 416 8 .. 1 0 1 
18-Jtl 0.~ -\12 4JO 1 .. 00 :rn 13 ~ 1 0 1 
t,..Jw 1..00 390 391 1.00 338 16 322 1 0 1 
!0--Jal O.:il 32& 311 1.05 142 10 ~~ 

21-Jul 0.67 m 281 0.99 1S 17 134 
22-JU 0.75 2~ 246 0.99 138 10 128 
23-Jil 1.42 4ili 395 1.10 311 25 293 2 0 2 2 0 2 
at-Jil 1.00 290 2f1 1.01 214 11 203 2 0 2 2 0 2 
!rJil 1..00 231 8)9 1..11 112 2 110 2 0 2 
25-Jil 1.00 197 . 19.1 t .. oe 157 10 147 
21-Jal 1.00 169 160 1.06 87 5 12 1 0 1 
21-Jul o.so 41 44 0.93 1:5 1 14 

Tobls 20.05 17,579 15,922 1.11 " 713 143 &., S70 12 0 12 11 0 11 

I Yill&l counts ... liltld ...... Gr dGIII'IIttliW !lith -r.t• Iaing the difflliiD !:JR-. 
tt. t-. llul to paar .-.. l:lrity, viiUil c»unts _.. oftm oanil'llilil• Clftly for to first 
fa sa:tOrs of tM tan1r I:GIMi'lll l'lllge. Erton in st~~Ci• idlniifieition 1111 haw bien ..a., 
~ally--. cm..w piftks, dol to poc:r •t• clarity illd la of baclcground 
eaetr>an aptm ttw ftlturll nYI!l" t~ota. 
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Tab11 3. Osc:illOICO- and visaal ealilration of salmn !OJ'llr counts at till ~ik Rivr 
IUt bank lit., 1985. 

Yisul Count I 

Cwl OliJmOk Pi1'1k 
!Mrs ScNr ~ .... , 

DIU Caant CGafti Count ~ Up no. Hit Up DCIIft NR Up no. Hit 

06-Jul 0.73 66.1 li03 1.10 
07·111 1.25 493 W3 1..00 
(&-Jil 0.7! 173 190 0.91 
09-Jil 0.91 214 158 1.:§ 
to-Jw 0.67 144 120 1.20 
ll·Jv.l 0.75 492 J62 l.Jii 58 1 S7 
12-Jil 0.8.1 590 574 1.03 282 1 281 
13-Jil o.s 964 & 1..00 
!Hill 0.7! 7&5 71! 1.07 191 0 191 1 0 1 
ts-Jil O.-i2 2S 274 0.92 
16-Jil 0.67 au 119 0.99 474 0 474 4 0 4 
17-JIIl 0.7S SJ.2 ~ 1.11 259 1 5 1 0 1 1 0 1 
1&-Jil 0.61 a M 0.96 32S 1 324 2 0 2 2 0 2 
19-Jil 0.82 3&2 317 0.94 394 3 391 1 0 1 
2()-Ja.l o.s 4:IS lt&7 0.!7 171 3 1&8 
21-Jil 0.7! 2~ 247 0.99 124 2 1.22 
22-Jil 0.83 157 141 1.06 111 6 105 3 0 3 
23-Jal 1.00 

·~ 
162 0.95 103 3 100 

24--Jul 1.17 108 94 1.1:5 124 2 122 3 0 3 
25-Jil 1.00 135 118 1.14 34 8 2& 
26--Jul 1 .. 25 29 3' o.zs S1 s 41 1 0 1 
27-Jal 1.00 77 69 1.12 38 4 34 1 0 1 
21-Jal 0." 14 13 1.01 0 1 (1) 

TeAls 18.69 8,144 7,122 1.M 2., 741 41 2.700 17 0 17 3 0 3 

a Yisul eoants are lisiB • .,._ f1f' d0111stn• lliib .._. bli~g iJ1e diffl!r'I!IIW bltiiiii!IM 
tilt n.. o. to paar ... dil"ity, vitul CDWlb _.. ofttn oatuNbll Oftly nn- tt. first 
fa Sll:tcn of the sanr colllll;illg......, Errors in spaeill idiMificaticn .ay have ill!ft ..0. 

. ...-ciilly lilt-. chua and pinlcl, dUI to poor llltB' l:lil"iiy and liCk of~ 
amtrat agli.t t1w nrtlftl river boite& 
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Figure 6. Anvik River summer chum salmon sonar counts by day, 1979-1985. Mean 

date of run passage (calculated with Day 1 s 16 June} is indicated 
by shaded bar, and standard deviation (SD) of the mean is given. 
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Ffgure 6. 
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(Continued) Anvik River summer chum salmon sonar counts by day, 
1979-1985. Mean date of run passage (calculated with Day ., • 16 
June) is indicated by shaded bar, and standard deviation (SO) of 
the mean is given. 
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Figure 7. Anvik River summer chum salmon sonar counts by hour of the day for 
the early {5-lZ July}, middle (13-20 July}, and late (21-28 July) 
portion of the season, and for the entire 1985 season combined. 
Total sonar counts (n} used for th1s analysis are given for each 
period. 
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Figure 8. Anvik River summer chum salmon sonar counts by sonar sector for the 
early {5-12 July), middle {13-20 July}, and late (21-28 July) portion 
of the season. and for the entire 1985 season combined. Sector 1 is 
west bank sector 1, 12 is west bank sector 12, 13 is east bank sector 
12, and 24 is east bank sector 1. Total sonar counts (n) ·used for 
this analysis are given for each period. 
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condition• throughout auch o£ the counting period aey have 
reau~ted in greater inahor• aa~aon peeaage than would have been 
obaervad in low water conditiona. Sector count diatribution £or 
the early, aiddle, and late aeaaon strata deacribed above aupport 
thia theory. Relative contribution o£ the £irat sector declined, 
aa did river water level, aa the season progressed. For the 
entire aaaaon and both bank• coabined, waat bank aector 1 
accounted £or 6351~ o£ all aonar counta, weet bank sector 2 8.4-, 
and eaat bank aeetor 1 25..4•. 

An aerial aurvey o£ the Anvik River (including Beaver Creak, 
Canyon er .. k, Otter Cr8ek, Swi£t River, and Yellow River> waa 
£lown on 23 July under £air aurvey conditions. A total o£ 1,051 
chinook aalaon and 426,19S chua aalaon wea enuaerated. Thia waa 
the largeat chinook aalaon eacapeaent count £or the Anvik River 
drainage aince 1980. The count o£ ?20 chinook aalaon in the 
aainataa Anvik River between Yellow River and McDonald Creak 
exceeded the aerial eurvey eacapeaent obJective o£ 300 to 5.00 
chinook aalaon £or thia index araa CADFG 1984>. 

Thirty-one beach aeina seta were aade £roa ~ to 28 July, and a 
total o£ 637 chua aalaon, 1 chinook aelaon, and 3 pink aa~aon waa 
captured <Appendix Table 1>.. An att-pt waa aada to collect 
additional chinook aelao~ aaaplee by carc:eaa survey. However, due 
to both very late chinook aalaon apewning t~aing and h~gh water 
c:onditiQna, only 37 chinook aalaon were aaapled by care••• aurvey 
through Auguat 18. 

0£ the 63? chua aalaon aaapled for age-aex-ai~e data, 52? <83-> 
later proved to have agaable acalaa. Age coapoaition waa ?~~ age 
4, 22~ age S, 2• age 3, and l .. a than 1~ age 6 <Appendix Table 
2>. Feaalea accounted £or S6x o£ the aaaple. Age 4 uaually 
accounta for the ••Jority o£ the Anvik River eacapeaant. Age S 
waa atronger in 19?2~ 19?6, and 1981, but in all other yaara 
ainc:a 1972 age 4 baa been the pradoainant age claaa <Figura 9>. 

Th• unreatricted aaah aize gillnet £iahary directed at chinook 
aelaon during the firat portion of tha coaaercial £iahing aeaaon 
took a higher proportion o£ aale chua aalaon than feaalea due to 
the larger aize o:f aalea <Buklia and Wilcock, In Prap). Faaale 
contribution to coaaerc.ial harveat. increased with changeover to 6 
in aaxiaua aeah aize gillneta. Age coapoaition o£ the coaaercial 
catch varied by aeah ai~• and prograaaion o:f the run, but a 
atrong age 4 coaponent. waa apparent, aiailar to the eac:apeaant 
aaaple. 

0£ the 38 chinook aalaon •-pled for age-aex-aize data,. 33 < 87"> 
later proved to have ageable acalea. Age coapoaition waa 39~ age 
5, 30X age 4, and 30X age 6 CAppendix Table 3>. Feaalea accounted 
£or only 2~x o£ the aaaple. The aaaple si%e waa auch aaaller than 
had been desired, and aay vary well not. be a good representation 
oz the chinqok aalaon aacapeaent. However,. age and sex 
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Figure 9. Age and sex composition of Anvik River summer chum salmon, 
1972-1985, presented as proportion of total sample for each 
year by age class. Note different scale for age 6. 
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coapoaition is relatively aiailar to that o£ recent year• . <Figure 
10). Ag .. ~and 6 account £or the ••Jority o£ the eacapeaent each 
year. and aalea generally outnumber £aaal••· 

Both the unraatr~cted and 6 in aoxiaua aesh size gillnet 
coaaercial £iaheriea took a high proportion o£ age 6 chinook 
aalaon, and an unuaually low proportion o£ age 5 £ieh, in 1985 
<Buk~ia and Wilcock. In Prep>. Reaaona £or the poor age 5 
contribution to £iabary harveata will be better understood a£tar 
acale patterns analyaia haa been applied to the chinook aalaon 
scale aaaplea •nd catches have been apportioned to region o£ 
origin .. Reaulta £r.oa theae analyse• will be available May, 1986 • 

AXDREAFSKY RIVER SALMON STUDY 

The Andrea£aky River <Figure 11) includea two aain branch••• the 
Eaat and Waat Forka, and ia located 100 ailes upatreaa £roa the 
aouth o£ tbe Yukon River. It typically ranka second to the Anvik 
River in auaaer chua aal•on eacapeaent, .. cond to the Salcha 
River in chinook aalaon eacapeaent, and aupport.a the largest. pink 
aalaon population in the Yukon ·River drainage. Salaon eacapeaenta 
were eaeiaa~ed annually in each £ork by aerial aurvay £roa £ixed 
wing airc:ra£t prior to 1981. A aide-scanning aoner counter waa 
inatalled in the Eaat Fork £or the £iret tiae in 1981 to obtain 
aora coaplete and accurate eecapeaent in£oraation than could be 
obtained by aerial aurvey. 

The aainatea Andrea£aky River, below the con£luenca ~£ the Eaat 
and Weat Forka, ia not auitable £or aide-acanning aonar operation 
due to ita width and alack current.. The East Fork was chosen £or 
the initial £eaeibility study in 1981 becauee it supports a 
greater average auaaer chua aalaon eacapeaent than the Weat Fork, 
basad on hiatorical aerial survey data. In addition, a £eaaible 
sonar aite could be located lower on the Eaat Fork than on the 
Waat Fork, potentially anuaerating a greater proportion o£ the 
apawnera and aiapli£ying logiatica. There ia . alao leas 
recreational uae o£ the Eaat Fork by the reaidenta o£ St Marya, a 
village o£ 500 people located near the eon£luence o£ the 
Andrea£aky and Yukon Rivera. 

Kethoda and Materials 

Two 1981 aodel aonar counter• ware available. with the 
rQunded tranaducer deployaant. housings aa described £or the 
River atudy. The 1981 aodel counters divide the counting 
into 16 aectora, unlike the 1978 aodela used on the Anvik 
which have only 12 aectora. Buklia C1983> deacribea 
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Figure 10. Age and sex composition of Anvik River chinook salmon, 1972-

1985, presented as proportion of total sample for each year 
by age class. Note different scale for age 7. 
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Figure 11. Map of the Andreafsky River~ and of the sonar site (inset} located 
at river mile 20 of the East Fork. 
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d1££eranc:ea between the two sonar counter aodela in .·greater 
detail. Thia waa the £irat t~ae that the art1£icial aubatrata 
tubes were not uaad on tbia river. Weira were built to prevent 
inahore salmon paaaage. 

Kathoda £or conducting oacilloacope and viaual calibrations o£ 
the aonar equip .. nt, coapiling sonar counts, aeaauring atraea 
pro£ile, recording cliaatological data, and saapling £ish £or 
age, aex, and size data ware the aaae ae thoae described 
previoualy £or the Anvik River study. 

Reaulta and Diacuaaion 

River water level waa higher than had ever been previously 
obaarved by proJect peraonnal when the crew arrived to begin 
pro)act oparationa ~ 1985. High water waa due to late river ice 
breakup, deep anowpack, and aubatantial ra1n£all in late May and 
early June. 

One sonar counter waa operated £ro• 26 June through 28 July, at 
approxiaataly the aaae aite uaed in previoua years at aile 20 o£ 
the Eaat Fork Andr .. £aky River <Figure 11>. The tranaducer waa 
located along the gradually aloping gravel beach o£ an island, 
initially 30 £t o££ahore and at a depth o£ 2.5 £t. River bottoa 
gradient waa aaooth, with no obstructions to the sonar beea, and 
aexiaua depth waa 5 £t aa aeaaured on 27 June <Figure 12). The 
counting range liait o£ 100 :ft prevented ·inaoni£ication o£ the 
entire river width, which wea approxiaately 190 £t on 27 June. 
The second sonar counter could not be installed along the 
opppoaite cutbank due to river depth and bottoa contour aa well 
aa liaitationa o£ the transducer deployaant houaing. There were 
no better potential sonar aitaa within aeveral river ailea. 

In previous yeara a aingle 60 :ft aluainua aubatrate tube haa been 
deployed in aidatreaa at thia site, with weira preventing aalaon 
passage around either and. It waa deci.ded thia year that the 
tranaducer without arti£icial aubatrate would be aet to the 
aaxiaua counting range distance o£ 100 £t, and aoved o££abora 
£roa the gravel island aa declining water levels allowed until 
the entire channel waa inaon1£ied. Weirs would be built out £ro• 
either ahora aa water levela allowed. The channel on the other 
aide o£ the ialand ia usually not passable to aalaon due to aany 
gravel bara, being aeaentially a backwater o£ the aain channel. 
For auch o£ thia aeason it reaained :flooded au:f£iciently to 
perait aalaon navigation, although the current waa alack end 
aalaon passage waa thought to be minimal based on limited 
obaervationa. 

River weter level declined during the £irst few days of sonar 
operation. but then increased rapidly to peak £lows on 3 and 8 
July~ each o£ which aubatantially exceeded the initial level 

24 

http:operat.ed
http:count.er


. ; 

' i 
I 

--

-~ .... -
.=: 
~ a. 
cu 

Q 

-+' 
q.., -

2 

4 

6 

8~----------~--------~~~------~~~------~~~----~ . 
.,.,..,. ••• ....__ ... -~ ...... ,.. • ..,,... c~ 

0 

2 

4 

6 

8 . "' .,.,.,..oc ...,.o _ _ _.... ..... ,.......,,... c~ 

0~.-T ....... ~E,A.SUfllt~O ON ..JUl...-...., :ze. 
0 ....... ,.,.,..,........, ...... ~ 

2 

6 

8~--------------~~----------~.~~------------.~~------------~---------.,.,..,..CI. .,.,...... w..-r ..... ,.. • ..,_. c~ 

Figure 12. River depth profiles of the East Fork Andreafsky River sonar site 
as measured on 27 June and 28 July, and projected for 3 July, 1985. 
Shaded areas show approximate range of insonification, cross-hatching 
indicates weirs. Unequal scale of the vertical and horizontal axis 
distorts the presentation. Sonar trans~ucer was actually located 15 
ft upriver from the site of these profiles during the period 11-28 
July. 
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CFigure 13>. Water teaperature ranged :froa a low o£ 8 con 2 July 
to a high o£ 18 C on 20 July, wh~l• air taaperature ranged £roa a 
low daily ainiaua o£ 2 C on 10 July to a high daily aax~aua o£ 30 
C on 24 J'uly. 

The :flooda whic:h peaked on 3 and 8 July altered tranaduc:ar 
aiaing, waahed out weira, and increaaed the uninaoni:fied area o£ 
the river available to aalaon paaaage. The sonar tranaducer waa 
iaproperly aiaed and unratraivable £roa 2 through 4 J'uly due -to 
high water. The aain channel o£ the river waa eatiaatect to be 
230 £t wide, with a aaxiaua depth o£ 7.1 £t on 3 J'uly CFigure 
12>. Water levels declined ateadily after 8 July, and by 
taraination o£ aonar anuaeration on 28 July had :finally reached 
the low ' level noraally encountered at proJect atart up in aid to 
lata June. 

An aerial aurvay waa flown o:f the Eaat and Weat Fork Andrea:faky 
River by an experienced obaerver under £a~r conditione on 23 
July. A total o£ 66,146 chua aalaon and 1,617 chinook aalaon waa 
enuaarated above the aonar site on the Eaat Fork, and 52,750 chua 
aalaon and 2,248 chinook aalaon on the entire Weat Fork. The Eaat 
Fork chua aalaon count waa only 87• o£ the low end o£ the eerial 
survey eacapeaant obJective range o£ 76~000 to 109.000 £iah <ADFG 
1984). The Weat Fork chua aalaon count waa only SS~ o£ the low 
end o£ the aerial aurVay eacapeaent obJective range o£ 62,000 to 
116,000 £iah. Chinook aalaon eacapeaenta, however, appeared to be 
strong, exceeding the upper end o£ the aerial survey escapement 
obJective range- on both the Eaat Fork C1,100 to 1,600) and Waat 
Fork C700 to 1,000>. 

A tote~ of 12,992 aalaon was enu.eratad by aonar :froa 26 June 
through 28 3uly (Table 4>, which La only 19~ o£ the coabined chua 
and chinook aalaon aerial aurvey eatiaata £or the Eaat Fork. 
Sonar accuracy Caonar count/oacilloacopa count> averaged 0.84 for 
30.76 houra o£ calibration fro• 26 3une to 28 3uly CTable 5>. 
However, only 470 aalaon trace• were aeen on the oscilloacopa, 
and only 362 chua and 28 chinook salaon were viaually enuaeratad 
£roa counting towers during all calibration• coabined. It ia 
apparent that the aaJority of the aalaon were not anuaerated by 
the aonar counter dua to paaaage outaide o£ the hydroacouat~c 

beaa. F~eraore, since run tiaing waa probably very lata and 
coapraa .. d, aa was evident on the Anvik River, the aaJority o£ 
the eacapeaent aay have paaaed the aonar aite in a abort . per~od 
of tiaa. Over 38• o:f tha Anvik River eacapeaent paaaad during the 
four day period 12-1S July. I£ a aubatant~al proport~on o£ the 
Andrea£eky River eacapeaent paaaad during the flooding in early 
July, it aight not have been detected by the aonar electronic• 
due to probleaa already d~acuaaed. Recoaaendationa £or i•proving 
aonar counting aethodology eo that the conditione encountered 
thia year can be aucceaa£ully overcoaa in · the £uture are 
presented in the £inal aection o£ thia report <Concluaiona and 
Reco•••ndationa). 
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Figure 13. Air temperature (daily minimum and maximum), water temperature, 
and relative water depth measured at noon daily at the. East 
Fork Andreafsky River sonar site. 1985. 
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Table 4. East Fork Andrea£aky River salmon 
aoner c:ounta by date, 1983. a 

Daily Seaaon Oai.ly Seaaon 
Dat• Count Count Prop Prop 

----------------~-------~---~ -! 26-.J'un 81 81 0.0062 0.0062 
~ 

27-J'un 64 14:5 0.0049 0.0111. 1 
~ 28-J'un 196 341 0.01:51 0.0262 

29-.J'un 26 367 0.0020 0.0282 
30-J'un 24 391 0.0018: 0.0301 
01-J'ul 10 401 o.oooa 0.0308 
02-J'ul b 401 o.oooo 0.0308 
03-.J'ul b 401 o.oooo 0.0308 

., 04-J'ul b 401 0.0000 0.0308 
·' O:S-J'ul 12 413 0.0009 0.0318 

06-.J'ul 40 433 0 .. 0031 0.0348 
07-J'ul 32 48:5 0.0025 0.0373 
oa-.JuJ. 106 S91 0.0082 0.04:5:5 
09-J'ul 26 617 0 .. 0020 0.047:5 
10-J'ul 30 647 0.,0023 0.0498 
11-.J'ul 64 711 0.0049 0.0547 
12-.J'ul 172 883 0.0132 0.0679 
13-J'ul 348 1,231 0.0268 0.0947 
14-.J'ul. 297 1.528 0.0229 0.1176 
15-.J'ul 10:5 1,633 0.0081 0.1237 
16-.J'ul 120 1,7$3 0.0092 0.1349 
17-.7ul 746 2,499 0.0:574 0.1923 
18-.1u1 92 2,391 0.0071 0.1994 
19-J'ul 488 3,079 0.0376 0.2370 
20-.7ul 1.036 4,115 0.0797 0.3167 
21-J'ul 1,697 :5,812 0.1306 0.4474 
22-J'ul 2,187 7,9C39 0.1683 0.6157 
23-Jul S24 8,S23 0.0403 0.6560 
24-Jul 994 9,517 0.0765 0.7325 
2S- 3ul 796 •10,313 0.0613 0.7938 
26-Jul 706 11,019 0.0543 0.8482 
27-J'ul 938 11,957 0.0722 0.9204 
28-J'ul 1,.03S ~2,.992 0.0797 1.0000 

-~~~~~----------------------~----Tot.ala 12,992 1.0000 

--------~~~---------------~~~------

a Virtua~~Y al~ sonar counts attributed to 
au••er chua aal•on baaed an lia~ted 
viaual count data c- Table 5). 

b High water during the period 2 to 4 
3u~y aiaab~ed aonar equipment. 
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Tlbl• 5. Oldll~ and visual ~litraUon of lillat sonar counts at tfl1 East Forie. 
Alldrafsky RiYII' 50ftill" lita, 1985. 

Visual Cold i 

Qha OaiJIDOk Pi11k 
Haw'S Sanlr Sl:ala Stnr/ 

Dlt. Coant CouM CoalS ScOIII Up na.n Hit Up . no.. Nit liCJ Dow! Nit 

2&-Jan 1.00 7 ~ 1.~ 0 0 0 0 0 0 0 0 0 
27 ... J .. 1.00 11 10 1..10 0 0 0 0 0 0 0 0 0 
.JUIII 1.00 0 1 0..00 0 0 0 0 0 0 0 0 0 
29-JUB 1.00 0 1 0..00 0 Q 0 0 0 0 0 0 0 
30-JUit 1.00 4 0 0.00 0 0 0 0 0 0 0 0 0 
Ol ... Jul 1.00 1' 0 0.00 0 0 0 0 0 0 0 0 0 
02-JIIl 0.00 
03-Jtl 0..00 
~Jal 0.00 

i G-Jul 1.00 0 0 o.oo 0 0 0 0 0 0 0 0 0 ·. ~ 

: 0&-Jul 1.00 0 0 0..00 0 0 0 0 0 0 0 0 0 
·I 07 ... Jul 1.00 4 2 2.00 0 0 0 0 0 0 0 0 0 

01-Jul 1.00 2 2 1.00 0 0 0 0 0 0 0 0 0 
09-Ju 1.00 1 0 0.00 0 0 0 0 0 0 0 0 0 
to-Jal 1.00 0 0 0.00 1 0 1 0 0 0 0 0 0 

! ~ 11--Jul 1.00 7 5 1.~ 1 0 1 0 0 0 0 0 0 
. t 

~Jul O.S) 5 ' 0..83 46 1 45 0 0 0 0 0 0 
13--Jal 0.50 7 16 0.44 36 0 J6 0 0 0 0 0 0 
1+-Jul 1.00 11 J8 0.29 s 2 s 0 0 0 0 0 0 
~Jal 1.00 l 46 0.07 6 0 i 0 0 0 0 0 0 
lrJil 1.00 1 19 0..05 45 0 45 1 0 1 1 0 1 
17-Jal 1..17 26 43 0.60 36 0 3i 1 0 1 0 0 0 
18-Jil 1.00 8 21 0.38 30 0 30 6 0 6 1 0 1 
1~Jal 1.42 87 5I 1.64 31 0 31 u 0 11 0 0 0 
aG-Jtl 1.00 a 25 0.88 14 0 14 6 0 6 0 0 0 
21-Jid 2.00 44 i1 O.Si 21 0 21 1 0 1 5 0 5 
22--.JJl 1.00 • 44 2..00 4 0 4 0 0 0 1 0 1 
23-Jil 1.25 19 z. 0.79 11 2 9 0 0 0 4 0 4 
a..Jil 0.92 11 10 1.10 10 2 8 0 0 0 0 0 0 
25-Jul 1.00 5 4 1.25 0 1 U) 0 0 0 0 0 0 
26-Jul 1.00 1& 21 0.1& 10 1 9 2 0 2 4 0 4 
27·Jil 1..00 1 2 o.so ' 1 5 0 0 0 0 0 0 
28-Jil 1..00 ' i 1.00 0 1 (U 0 0 0 1 0 1 

Totals 30.76 m 470 0.84 m 11 3&2 28 0 za- 17 0 17 

1 r.oftilll to.rs _.. lcatld an bath thiHSt Uld ..t bale. Witer elirity 
- giM'"Illy poor, ~ally during tbe fil"'i t\llf of the-. 
Yisaal cowrts _.. oft.n obtainabl• frr only a sull porticn of the rivr 
width, rr not It all. CauMs. listed are frr Hl.,. mving acr'05l tbe 
!Onil" lit., Wtlthlr' Mi'tttia Cll' ~ tM ... eauming rDgt. Blforw the 
lll5i baNe •ir Mil iastallld on 7120, u!Jaon IINirt ilong tn. JoBt ba1lk 
•i.Pt be viiW.ly ....-atad, but not eotmtllt by tt. sarw tlll:tronics or 
... on tM CRillc.cope. 
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The beat eetiaata o£ total .. aaon eacapeaent £or the Ea•t Fork 
Andraa£aky River in 1985 ia the aerial survey count o% 66#146 
auaaar chua aalaon. Tha 1985 aerial aurvey eatiaate ia only 62~ 
o£ the 1972-1980 average aerial aurvey aacap .. ent eatiaata o£ 
106.924 auaaer chua aalmon# and 52~ o£ the 1981-1984 average 
aonar eacapeaent eatiaate o£ 127.349 £iah <Figura 14). Thia ia 
the aecond conaecutiva year in which auaaer chua aalaon 
eacapeaent to the Eaat Fork Andrea£aky River baa bean poor while 
ascapeaent obJectives have been exc .. dad by two£old in the Anv~k 
River. Clearly there ia a need to regulate harvaat exploitation 
on a acre atock apaci£ic baaia to optiaize auatainable yield %rca 
each contributing atock. 

Sonar counta o£ aalaon paaaage ware very low £rom 26 June through 
18 July. averaging only 130 aalaon per day Crigure 15>. Water 
clarity waa poor dua to auddy rune££. aaking it iapoaaible to 
visually calibrate aonar counta or docuaent aalaon paaaage beyond 
the . aoner counting range. The crew conducted daily boat aurveya 
o£ the £iva river ailaa iaaadiately upatreaa o£ the aonar aite 
during thia period, but £aw ··~•on ware ... n even when and where 
water clarity waa good. Aer~al survey conditione were generally 
poor, and only aaal~ nuabers o£ £iah ware obaerved on in£oraal 
£ly overa during thia period. B•ach .. ining waa di££icult due to 
the high water. and £ew aalaon were captured. Run tiaing ia 
uaually aiailar between the Anvik and Andrea£aky River 
aacapeaenta. Signi£icant nuabera o£ chua aalaon were preaent at 
the Anvik River aite by 5 July. While there waa concern that 
aalaon aay ~ave been paaaing the Andrea£aky River aite undetected 
by the aonar counter, the preaence o£ aubatantial nuabere c£ 
aalaon could not be con£iraed until late July. 

Declining water laval• paraitted wairing o£ the cut bank aide o£ 
the channel on 19 3uly, reaulting in transducer daployaant and 
counting range aiailar to tha~ uaad in previoua years. Sonar 
counta during the period 19 through 28 July were substantially 
greater. averaging 1.040 aalaon par day. The incr•••• in aalaon 
aonar count• a£ter 19 July waa not due to chua aalaon eacapeaent 
JUat beginning to build, but rather to the £act that the sonar 
alectronica ware acre accurately counting aalaon paaaage during 
the tail end o£ the run. Mean date o£ paaaage baaed on aonar 
counts waa 21 July. 

Teaporal and apatial distribution o£ aonar counta are beat 
analyzed by stratification o£ the aaaaon into early <26 June-10 
July>, aiddle <11-19 July>, and late <20-28 July> coaponanta. The 
early strata waa the period o£ high water with two £looda. the 
aiddle strata the period o£ declining water levels- and the late 
atrata the period aoat resembling previous atudiea, in which the 
entire channel open to aal•on paaaage waa inaoni£ied. 

Temporal diatribution o£ aonar count• by hour aeaonatrated a dial 
pattern only £or the laat atrata <Figura 16>. Counts were lowest 
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Fi !]Ure 14. East Fork And.reafsky River surruner chum salmon escapement as 
estimated by aerial survey, 1972-1980 and 1985, and by side­
scanning sonar, 1981-1984. 
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Figure 15. East Fork Andreafsky River summer chum salmon sonar counts by day, 
1981-1985. Mean date of run passage (calculated with Day 1=16 June) 
is indicated by shaded bar, and standard deviation (SO) of the mean 
is given. 
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Figure 16. East Fork Andreafsky River salmon sonar counts by hour of the 
day for the early (26 June-1 0 July), middle ( 11-19 July), and 
late (20-28 July) portion of the season, and for the entire 
1985 season combined. Total sonar counts (n) used for this 
analysis are given for each period. A weir on the west bank 
blocked salmon passage beyond the sonar counting range only 
during the period 20-28 July. 
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during 1200-1300 <2.2~ o£ da~ly total) and greateat duri~g osoo-
0600 (7.6~ o£ daily total). Spatial diatribution o£ aonar counts 
by sector indicate• that substantial nuabera o£ salmon were 
probably aoving upstream beyond the sonar counting range during 
the early and aiddle aeaaon strata, when there wee no weir on the 
cutbank aide o£ the channel <Figura 17). The laat three o££ahore 
aactora accounted for 43~ o£ all aonar counta during the early 
strata, and 32~ during the middle atrata. Sector distribution o£ 
aonar counts during ·the l .ate aeaaon strata, when weirs were ·in 
place on both aidea o£ the channel, was aore typical o£ the 
distribution obaervad in previous years at this site. 

Forty-aix beach aeina seta were aade £roa 8 to 24 July, and a 
total o£ only 32 chua aalaon, 19 chinook aalaon, and 6 pink 
salmon waa captured <Appendix Table 4). An additional ~61 chum 
aalaon and ~19 chinook aalaon were saapled by carcaaa survey C374 
o£ the chinook aalaon carcaaaaa were aaapled £roa the Weat Fork>. 
To provide aoae perspective on how ineffective beach seining waa 
in 1985, 3S seta were aade in 1983 and 1,029 chua aalaon, 113 
chinook aalaon, and 93 pink aalaon were captured <Buklia 1984>. 

0£ the 393 chua aalaon saapled £or age-aex-aize data, 566 <95~> 

later proved to have ageabla acalea. Age coapoaition waa 72~ age 
~~ 26~ age S, ~ age 3, and lesa than 1~ age 6 <Appendix Tabla 
5>. Faaalea accounted for sa~ o£ the aaaple. Age 4 accounted for 
the maJority o£ saaplea in 1982, 1984, and 198S, while ega 5 waa 
predoainant in 1981 and 1983 <Figure 18>. Age and aex coapoaition 
o£ the Andraa£aky River aacapaaent in 1985 waa aiailar to that o£ 
the Anvik River. 

0£ the ~38 chinook aalaon . aaapled £or age-aex-aize data, 443 
(82~> later proved to have ageable acalaa. Age coapoaition was 
44• age 6, 40~ age 4, 13X ages. and 4X age 7 <Appendix Table 6>. 
Feaalaa accounted £or 33~ o£ the aaaple. Agea 4 and ? accounted 
for a relatively greatar proportion o£ tha aaaple in 1985, and 
age 5 a relatively aaallar proportion, than £or any year aince 
aaapling waa initiated in 1981 <Figure 19). The £eaale coaponent 
waa the atrongeat aince the 1981 eacapeaent, which waa 48~ 

feaala. Andraa£aky River chinook salaon production fro• the 1985 
brood year ia expected to be good given aacapeaent greater than 
obJectives and the second beat feaale contribution docuaentad for 
thia ayatea to date. 
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Figure 17. East Fork Andreafsky River salmon sonar counts by sonar sector 
for the early (26 June-10 July), middle (11-19 July), and late 
(20-28 July) portion of the season; and for the entire 1985 
season combined. Total sonar counts (n) used for this analysis 
are given for each period. A weir on the west bank blocked salmon 
passage beyond the sonar counting range only during the period 
20-28 July. 
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Figure 18. Age and sex composition of East Fork Andreafsky Rtver summer chum 
salmon, 1981-1985, presented as proporti"on of total sample for each 
year by age class. Note different scale for ages 3 and 6. 
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year by age class. Note different scale for age 7. 
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CONCLUSIONS AND RECOMMENDATIONS 

Eacapeaent ~o the Anvik Riv~ waa .. tiaated by aide-scanning 
sonar to be 1,080,243 auaaer chua aalaon in 198~, which ia 2.2 
tiaea greater then the sonar count eecapeaent obJective o£ 
487,000 £iah. The aerial survey indax count o£ only 66,146 auaaer 
chua aalaon £or the Eaat Fork Andr~a:faky River, however, waa only 
87~ o£ the lower end of the aerial aurvay eacapaaent obJective 
range o£ ?6,000 to 109,000 £iah. This waa the aecond consecutive 
yaar in which auaaer chua aalaon eacapeaent waa relatively poor 
to the Eaat Fork Andrea£aky River, while Anvik River eacapeaent 
obJectives were exceeded by twozold. 

Chinook and auaaer chua aalaon run tiaing waa very late in 198~ 

£or the aecond conaecutive year, with a coneequantly late 
changeover to chua aelaon gear in the lower Yukon River 
coaaercial gillnet fiahery. There ia no atock identification data 
available £or the Yukon River auaaer chua aalaon £iaheriea, ao 
that atock apeci£ic run tiaing through theae £iaheriaa ia not 
known. However, i:f the Anvik River stock doaa aove through the 
lower river diatricta relatively early, it aay aupport only a 
aoderate exploitation rate during the large aeah chinook salmon 
aaeaon. Convaraely, i£ the Eaat Fork Andrea:faky River stock 
antera the Yukon River ra~ativaly lata, it aay sustain a 
signi£icantly higher exploitation rate in the targeted chua 
aalaon :fiahary. 

Co.aarcial £iahery aanageaent regulation should atta•pt to 
diatributa harvaat o£ auaaer chua aalaon in the lower river 
diatricta throughout the entire run, such that contributing 
atocka bear a aora uni£ora exploitation rata. Secondly, research 
ia required to gain a better understanding o£ stock apeci:fic run 
timing o£ suaaar chua aalaon in the lower Yukon River £ishariaa~ 

in order to optiaiza harvaat o£ each atock £or aaxiaua 
suatain&ble yield. Without thia in£oraation, coaaercial 
•xploitation will need to be aanaged on a conaervative baaia auch 
that escapeaent obJeCtive& are aat £or the waakaat contributing 
atock. 

Chinook salaon eacapeaenta to the Eaat and Weat Fork Andraa£aky 
River and to the Anvik River exceeded eacap .. ant obJectives. Sex 
coapoaition o£ eacapeaent aaaplaa indicated the strongest £eaala 
coaponent £or the Andrea£aky River, which ia doainated by aalea, 
aince 1981. Too few aaaplaa were collected £rca the Anvik River 
to draw any aigni£icant concluaiona £or that systea. 

Side-scanning sonar counters were operated at both the Anvik and 
East Fork Andraa£aky Rivera without arti£icial aubatrataa £or the 
£irat . tiaa i.n 198~. Probleaa previously encountered with £iah 
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ailling in the aonar beaa and generating aultiple cou~ts, or 
awiaaing along the arti£icial tube and going around tha o££ahora 
end were aucceaa£u~ly avoided. Correction £actors £or £alae 
counts and expansion £actora £or £ish not counted beyond the 
o£fahore and o£ the arti£icia~ aubatrataa were not necceaaary. 
However, probleaa were encountered in atteapting to uae the 
inahore and piece £roa the artificial aubatratea to deploy the 
tranaducera. The houainga were not stable, eapecially in 
conditiona o£ riaing water levela. Secondly, they could not -be 
deployed in deep water ain~ aiaing required £ina ad.Juataenta 
underwater at the river bottoa, where the tranaducer housing 
reated. Theae liaitationa cau .. d probleaa at both a.it.ea, but 
eepecially at the Andrea£aky River, where only a portion o£ the 
river could be inaoni£ied, and the aaJority o£ the -laon paaaed 
undetected. 

A new aethod o£ deploying the t.ranaducera ia racoaaended £or u .. 
in 1986. Each tranaducer ahould be aountad on • £lat., aquare 
ateel plate,. uaing the apringa and knurled knoba uaed previously 
with the arti£icial aubatrateaa There ahould only be about 1 in 
between the bottoa o£ the tranaducer £aa. and the bottoa edge o£ 
the aquere plata, aa that when deployed the tranaducer £ace can 
raat very clo- to the river bottoa, 1£ nacceaaary. A round aetal 
sleeve on aac:h aide o£ the plate will allow the aaaeably to be 
lowered down two aatal conduits driven into the river bottoa. A 
rope tied to a bracket aounted to the top edge o£ the plate will 
perait daployaent o£ the transducer aaaeably at any point in t.he 
water coluan between the river bottoa and aur£aca in any dept.b o£ 
water <providing that conduits are o£ auitable length>. Fine 
adJuataenta to transducer aiaing can be ac:coapliahad by raiaing 
the tranaducar to the aur£ace, adJuating the knurled knoba, and 
lowering the aaaeably back down to the deployaent depth desired 
<uaually the river bottoa>. Had thia equipaent been available £or 
the 198S £ield aeaaon, two tranaducera could have been deployed 
on the Eaat Fork Andrea£aky River and the entire channel 
inaoni£ied. AdJu&taenta to tranaducer aiaing could have been 
accoapiahed during £looda providing c:onduita o£ auitable length 
were uaad. 

Since the Eaat Fork Andrea£aky R.iver atudy waa initiated in --1981, 
accuracy o£ sonar eatiaataa o£ auaaer chua aalaon eacapeaent. have 
been a:f£ec:ted by large pink ael.aon eacapeaenta in 1982 and 1984, 
and by very high water conditions in 198S. The uaa o£ the new 
transducer deployaent aaaeably ahould overcoae the problea o£ 
high water c:onditiona. However, a large pink aalaon aacapeaant ia 
expected £or the Andraa£aky River in 1986 .. It ia recoaaended that 
a contingency enuaaration aethod be aade ready £or 1986 and all 
aubeequant years in which large pink aalaon runa are anticipated. 
Eacapaaent should be anuaerated viaually £roa counting tower• i£ 
wat.•r condition• are suitable. I£ the water ia too deep and/or 
turbid to perait visual anuaarat.ion, the aida-acanning sonar 
counters should b.e installed uaing the new t.ranaduc:er deployaent 
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asaeabliea. Since pink aalaon enter th• river during 
hal£ o£ th• chua and chinook aalaon aigration. water 
aay iaprov• and perait changeover to a tower counting 
be£ore pink salaon poae • aigni£icant problea. 
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1!72 ii.i7ll nm 100.0011 0.0111 0.001' 0.0011 S.D 0.001 S3.l3:1 13.8 33.D .. m 0.001 0.001 O.OOJ 
1!73 60.001 

~-
100.001 10.0111 Q,CIQ& 10.001 0.0. O.OOJ 0.001 SQ.OOJ 31LOOJ IICI.OOJ O.OOJI. 10.001 10.001 

1!74 Ill !IIIIUS ID.1.S1ID 
197!1 7'5.I)CI. 2$.001 JOG. OM 12.:1011 0.001 12.SIJ St-001 12.!1111 62.:1011 I!. :SO. 12.8 25.001 O.OOJ O.OOJ O.OOJ 
197& 73.l3:1 2L67l JOO.OQI IJ.D Q.ODI U.l3:1 !11.8 11."" &i.i7J& 4.-+tl ts.S au. a o.oor. 0.001 0.001 

''" 49.:m St.Qil 100.01$ 1.711 0.8 2.8 a• S.-UJ 2&.2J.S aoe. 41.9 &t-101& J.71S 3.421 S.t3S 
1!11 ~~ a2S 100.00J ··- O.D 1&.8 12.911 1.3111 14.2!11 16.11111' 5G.D &7.9 0.001 1.30l I.JOJ 
197!1 8D.43J 19.5b IOO.OOJ l&.W 0.001& ... 30.431 O.OOJ JQ. ..... 13.0. IJ.O¥ 2L091 O.D &.9 &.S!J 

t• 49.41* :!G.IiDJ lOO.OOllo 22.8 t.a M.lOII 25.30J 2L:m U.IIJ 1.201 19.211 ao.w. O.OOJ 3.611 3.61S 
1911 41.44 51.8 100.0I)JI 12.8 o.:a 12.931' 23.19l 1J.6!1S 3&.111 5.10J 44.111. ~Ill O.OOJ 0.311' o.a 
1!112 72."" 27.S. 100.0Dllo Jt.oa o.• 34-7D 34-051' ~lii!l 37.&11 ... "2l.19l 27.SK O.OOJ O.OOJ O.OOJ 
1913 S.S¥ 43.-W JOQ,OOJ 11.- O.D li.JDJ l!.e LSI 35.~ 10.7D 33.9 44.771 0.001 0.9111' 0.9811 
1!114 51. 70S 41.D 100.001 10.~ 1.8 11.9&1 l!l.l.JJ 10.87J ».0011 !.Oil' l!&.81J 1!.0 O.OOJ ~t7l i!.17S 
19115 75.7H 2 .. !4J. 100.01* JD.311J 0.001' 31LJDJ Jlt,JII& 9.0!1 l!.B 15.~ 15.1~ JO.JOJ O.ODS O.ODJ 0.0011 

• !illt1a collahd tlr ~ _.., Mdl )M', llitll I _, f-. fWI al• t.._ IIJ lllllil sti• fir IIDoil ... li• ill ._ yaos. 
II Illellllll a.11 q1 J -.J.a. 
e s.,D ~ ld llliljtad llr ii• pll'iad at- Cli ,,. -*• 
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Apclnil TaDll! 4. ~ Fork AndNifsky Ri....,. ~ beic:h sei111 eaten trt SJIIEiSS. 
.., md daY, 19§. I 

Pink ,.... 
.Dit. Of Sits Jfale ~ ToY! Male Faile Total Malt Faale ToY! 

01-JIIl 3 
OHul 1 
1o-J111 
11-JIIl 2 1 ~ 1 
12-JIIl 2 
13-Jil 
1Hul 
15-JqJ 2 
16-Ju 1 
17-Jil 2 

l&eJil ' 7 12 19 
19-Jal 4 3 2 5 
20-Jul 4 0 3 3 
21-.ral 3 0 1 l 
22-Jul 3 1 0 1 
ZJ-Jul s 0 1 1 
2+-JqJ 5 0 1 1 

12 zo 32 

3 
1 
1 
1 
2 
1 
2 

11 

5 8 
1 2 
2 3 
0 1 
0 2 
0 1 
0 2 

8 _19 

2 
1 

3 

1 
2 

3 

3 
3 

li 

A 8Hch lliniftll - candul:tad it ..-.1 lOCitiCN wiiJJift 1/4 lli.ll of the 
s.... t:it. fra.718 to 7/16. ud d • lite ~Dod 112 11i.le Min theiCNI" 
sib m. 7117 to 7124., Nit illdudld ia tbt Ciltdl totals .,. 3 em- and 1 
cbinDCIIc thR 8Cillld m. thlt IIi• bator. tmng pltill:lll in t:ht haldilll pm. 
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Apptmdilf Table 5. Aa• IJid •• COIIPQIUion of Eut Fork Anllrttf1ky ltwr 1.-- dMII ul-. HCipMiftt; u.pl111 1!11-i• 1 

IUIIERS tF Filii 

&IIIPLE SAtRE SAMPLE A&E 31 liE 31 liE 31 ABE tl AlE ... AIE41 A&E 51 &51 AilE Sl AlE 61 
YEAR RE FBR.E mfl. IRE FaRE TDJfl IR.E fEIRE TDUl eR.£ FEIIU, mfl. IR.E 

1981 170 181 351 2 l 5 5tf 108 166 106 69 175 .. 
1982 161 295 o\56 2 9 u 108 22-\ 332 46 60 106 5 
19&1 366 4611 834 3 I 4 Uo\ '" 278 m 291 541 6 
1984 22.2 m 451 7 u II 149 165 314 6.1 47 uo 3 
1985 237 329 566 3 I u 112 235 407 61 116 147 1 

---
~ 

"" 
IODT IF lOTfl. &AIIU ' 

SAtRE BAIR.E &AMPLE f& 31 AliE 31 I& 31 1&41 ASE 41 ABE tl AlE 51 AilE 51 AlE 51 AlE 61 
YEAR KI.E F9R.E TOT II. IR.E FENl.E TDrfl. IRE FaRE mnt. IR.E FBA.E TOTfl. IR.E 

------ --1981 48.4;31; ,..m 100.00. o.m .. ~ 1.421' 16.~ lO.m u.m JO.D ''·'" t9.11U ••••• 1982 35.311' 64.6~ 100.001' ..... 1.911 2.41lf. u.w 49.1~ 72.811& 10.8 ll.IY 23.25l 1.10. 
!983 43.U. 56.1~ IOO.tm O.JU O.le. 0.4ft 13.67lf. '"''" nm 29 •••• 35.73$ M.an o.m 
·~ 

49.~ so.m 100.'* ··= 2.44• l •• l3.04J 36.9' 69.1i21' 13.91lf. 10.8 24.39lf. 0.67lf. 
1985 41.87. ~·31: 100.00. o.s:. 1.411t 1.94. lO.m 41.~ '71.91lf. 10.7. ,, .• m.m .. ... 

-------
1o 6upl11 E:OIIeded by c~m~u lurvtl1 In 19811 lr/lludl lliJIR In 1913. INI by both llthodl mlblftld In 1982. 19141 IJid 1985. 
b B•ple ptrcenhgtt not wighhd by tiM period or nc:lplll!ftt L'OIIfltL 

AGE 61 A&E61 
FBR.E TOT fl. 

1 5 
2 7 
5 u 
6 9 
0 I 

a'' AIE61 
fBII.E TO TIL 

0.8 1.0 ...... 1.54. 
0.60)1: t.m 
1.33', 2.00f; 
o.~ O.IU 

-----

... 
\ 



•. .t. '• , _ •• - ....• ' ~ - · -- - ·-·· · - . ... - . •. ••. • 

Appendil Table 6. llgl 1M 11iR I.'CIIIpOiiUCift of Andrtifsll~ Rlvr dlinook .. .._ IEIIJIIIM 111Pln1 1911-198:1. • 

NIElS CF FIEII 

·' IIIRSI ~ ~ AEt 11'4 •• ABE5 &5 ABE5 ,., ABE6 ABE& AlE 7 &7 ABEl 
SR R.E fBiq lllfL .u: FEIIlE 1DTIL IIU fiR.£ ~ IR.E FEIIU l1JTil IIIU F8R.E TOT fl. 

1981 1M IQ ··· ---m < 29 ~,~ .. 0 " 10 12 • -102 -~ 45 120 165 0 1 1 
1982 276 49 ,;...;. 325 uo b 10 uo 151 8 159 1:1 27 40 2 4 ' 1983 251 1M ,-:' '' 3:15 M 0 ~ · 129 7 136 61 96 164 o- I I 
1984 .. 7 112 .. t19 Me 0 M ,; .,. .... , 15 20'J ~ 92 149 2 5 7t 

' ti 1915 296 ·~l m ns 0 ns 55 2 57 Q uo I !it 2 15 

~ ....... 

PEIUNT IF 10Til. IIIU • 

FMIU. 8AIIU IMU &4 AlE 4 AE 4 ABE5 AIE:i 1&5 ., .., ABE& &7 AGE 7 ASE 7 
VEM IRE FEJilE llml IRE fEIIIU TOTM. IIIU FElli£ TOT fl. IR.E FBR.£ TOTfl IRE FBR.£ 10lll. 

'{;. 

1981 st.w 48..1~ 100.0. 9.76$ O.C* 9. 761& .. ,.. 7.41. M.:Mt& 15.1~ 40.401. ss.s. O.OOJI. O.:M1o 0.34i 
1982 .... &5.C* 100.00. ll.W 0.00. 3J.D 46.4U e.~ 48.8 4.C* Lli'IC l!;lt• o.s 

··~ 
I.D 

1913 70.'* 29.~ 100.00. 15.21l 0.00.. 1s.et• 36.3U 1.m 38.31. 19.153& 27.04. 46.201o O.C* o.m o.m 
19M . 73.m 26om 100.00. 12.8 0.00. 12.891& 46.:. 3.S. o\9.8U 13.- 21.96. l5.56t& .... 1.191' 1.6.,. 
1985 65.ae. ll.lb 100.001' 39.50f. 0.0. 39.50f. 12.~ o.m 12.an 14.45" n.a 43.7W 0.451' 3.8 3.14. 

1 &upln collided by Cil"tiH N'YI1 of tht EM Fork and U.t Fork INCh yur1 1dtll 
idditional ~In collmc:tlll 1w budt •i• rro. '"- Ent Fork only, 1982-tm 

b lneltdet 1 1111 3 •ln. 
e J~~eludet a ... J ..... 
d Buplm parcentagn not •ifltld by U• period or tseipi!IEM coo.antm. 

I'' 

!~ 


