


NOAA TECHNICAL REPORTS 

National Marine Fisheries Service, Special Scientific Report-Fisheries 

The major reo ponsibilitie, of the. at ional :\larine Fishenes Service (NMFSl are to monitor and asses the abunda nce and geographic 
'h,rribur ion (,r fishen re nurees. to understa nd and pred ict fluctuations in the quantity and distr ibutIOn of these resou rces, a nd to e tabl ish levels 
f"r Ilptlmum use of the resources. 1'.'MFS i_ a lso charged WIth the development and implementation of po licies for managing national fishing 
gWlInd<. develnpment and enforcement of domestic fisheries regulations . surveillance of foreign fishing off United States coasta l waters, a nd the 
de\€lopment and enforcement oflllternational fis hery agreements and policie NMF also assists the fishing industry through ma rketing service 
nnd et" ,n"mIC analysi~ prngrams. a nd mortgage in urance and vessel construct ion subsidies. I t collects. analyzes. a nd publishes stat isti cs on 
various phase, oj the lIldustn·. 

The Special Scientific Report- Fisheri es series was establ ished in 1949. The serie carries reports on scientific investigation' that document 
long·term l'tlntinuing pTo1grams of :--';MFS. or intens ive scientific reports on studies of res tricted scope. The reports may deal wit h applied fi hery 
rrnhlems The. erie. IS also used as a medIUm for t he publtcatlOn of bibliographies of a s peclaltzed scientific nature . 

:--';OAA Technical Reports ;>J :\[ FS 'SRF a re available free in limited numbers to governmental agencle . both Federa l and State. T hey are also 
availAhle in e,chan,;e fur (,ther, cientific and technical publicat ions in the marine sciences. Individual copIes may be obtained (unless otherwise 
nI.ted I CfIlm D!'\::fi. Technical Information Div ision . Envi ronmenta l Science InCormation Center. NOAA, Washington. D .C . 20235. Recen t SSRFs 
are; 

fi49 Distrihullon of forage of skipjack tuna (Euthyn nu$ pelamls) in t he 
eastern rropical Pacific. By 1\l aurice Blackbu rn and M ichael La urs. 
.JanuaT\ 1972. iiI + Hi p .. 7 figs. 3 table. For a le bv t he Superin tendent 
lit Documents. \'.S Go\ernment Printing Office. \-Vashington. D.C 
20402 

Ii!)!). Effects of some antioxidants and EDTA on the developme nt of ran· 
Cldlty tn Spanish mackerel (Scomberomorus morulatu .• ) d uring frozen 
st"rage By Rohert ~ Farragut. February 1972. I\' + 12 p .. 6 figs .. 12 
t~"le,. For sale hv Ihe Superintenden t of Documen ts. U S. Government 
Prinl ing aUkI'. \Xiashington. DC. 20402. 

r..~1 The eftect of premortem stress. holding tem peratures. and freezin g 
C1I I he biochemistr" and qualitv of skipjack tuna. By Ladell C rawford . 
Apr'l \Q-;2. iiI + ~:1 p .. :) figs .. -1 tables For sale bv the Superin tendent 
41f I},,('uments l' S. Government Printing Office. Wa hington . D .C. 
2fl4f1:!. 

(,:'>:). The lise of elect ricity in conjunction with a 12.5-meter (Headrope\ 
(,ulf·"f ·:\1exlco shrimp trawl in Lake MIchigan By ,James E. Ellis. 
~Iarc h 1972. i\ + 10 p .. 11 figs .. 4 tables. For sale by the Superintenden t 
n l Documents. l'S. novernment P rinting Office. Washington , D.C. 
9040:., 

fifi-l. An ",Ieclric detector system for recovering interna lly tagged 
nlenhaden. genus Rrel'oorllo. By R 0 Parker, Jr. February 1972. iii + 7 
P . ;1 figs. 1 app. table. For sale by the Muperintenden t of Document, 
{f" (;,wernment Printmg Orfice. Washington. 0 C 20402. 

li;'.1 . Imnwbilization of fingerling salmon and t rout by decompression . 
Bv Doyle F. Sutherland. ;\larch 1972. iii + 7 p .. 3 figs .• 2 tables. For sa le 
hv the ~uperintendent of Documents. C. Govern men t Print ing Office. 
\\' ,,,hml!tlln. D C 2040:2 

fiCif' The ('alieo scallop. Arl!opectpn gibbus By Dona ld M . Allen and T . 
.1 C .. "ellll \[ay 1972. iii + 19 p .• 9 figs .. 1 tab le . For sale by t he 
:-'lIper ntendent 11 Document, l' S. l~overnment Pri nt mg Office. 
\\ J,hll1gtlln . n C 20-l0~. 

r;:;- Llking fish protem concentrates by enzymat ic hydrolysis. A 
,tRtll< rep'rt lin re5earch and some processe and prod ucts st udied by 

\I~-=- H\ ;\Inlrtllm B Hale. November 1972. v + :12 p .. l fi figs .. 17 
t I 1.'-. t <lrp. tahl~ For saIl' by the Superintendent of Document . U.S . 
(.OHrnment Pnntlng Office. Wash ington. D.C. 20402. 

1.-, 1,1. "f fishes (If Alaska and adjacent waters wit h a guide to some of 
thl'lr I t "illirp A\ Ja\ r QuaSI anc! Elizabeth L HaIL .July 1972. iv + 
,- fl F,'r <,iI. h\ the "lIprrintendent I>f DIlcuments. U .. Go\'ernment 
PTl~tlll': I )Ihce. \\'ashlll~lIIn. DC 20402 

n ,",,,nl hpa,1 F'i-heTles Center blllllumenc c"de. P a rt I Fishl's. 
H IT\l'\ R HII lis. ,'r . Rirhard B. Roe. and .Jud lt h C. Gat lm Jul\' 

1"-2 I + - p 2 IIgs. F"r SHit' b\' (he Superintenden t of Documen t~. 
\ S (; )\"rnn ~nl Printing Olfiee. Washln/!ton. D.C 20402. 

til ( \ Ire h\\ ller'i"h ,·I~l'!rll·mllt1\at"r tFFEM )'lt"c harac t eri~ tlcsand 
'pu 11" fh.J Im~' F Ellis ~nd Ch.lr1es C Hnllpes. :-.I m·em ber 1972. iii 
... 1\ t' 2 II,:: 

FiR!. A review of the literature on the development of skipjack tuna 
fis hen es in the centra l and we tern Pacific Ocean . By Frank J . Hester 
and Ta mlo Olsu .. January 1973. III + 13 p ., 1 fig . For sale by the 
Superintendent of Documents. .S . Government Printing Office . 
Was hington . D .C'. 20402. 

R62 Seasonal distribution of tunas and billfishes in t he At lantic . By 
.John P Wise a nd Cha rles W. Da\'is . ,January 1973, iv + 24 p .• 13 figs .. 4 
tab les. Por sale by the Superintendent of Documents, U.S. Government 
Printing Offi ce, WashIngton. D.C. 20402. 

663. Fish larvae collected from the northeastern P acit1c Ocea n and 
Puget Sound d unng April and May 1967. By Kennet h D. Waldron . 
Decl'mber 1972. iii + 16 p .. 2 figs .. 1 table. 4 app. tables . For sale by the 
S u per intendent of Documents. U.S. Governmen t Print ing Office , 
Washin gton. D .C 20402. 

664 Tagging and tag· recovery experiments with Atlan tic menhaden. 
Brel'OlJrtlO tyrannus. By Richard 1. Kroger and Robert 1. Dryfoos. 
Decem ber 1972, iv + 11 p .. -1 figs ., 12 tables . For sale by t he S uperinten ­
den t of Docum ents. U.S . Government Printing Office, Wa hington , D.C . 
2040~. 

665. La r\'a l fi h survey of Humbolt Bay. California . By Maxwell B. 
EldrigE' a nd Charles F. Bryan . December 1972, iii + 8 p ., 8 fi g ., 1 table . 
For salE' by the L uperintendent of Documen ts. U.S. Government Print ing 
Office. Washington. D.C. 20402. 

666. Dis t ribution and relative abundance of fis hes in ewport River. 
00 0rth Carolina. By William R. Turner and George N. J ohnson . 
Sept ember 1973. iv + 23 p .. 1 fig .. 13 tables . For sale by t he S uperinten­
dent of Document . U.S . Government Printi ng Offi ce, Washington , D.C. 
20402. 

1167. An analysi of the commercial lobster (Homarus am.ericanusl 
fis hery along the coast of Maine. August 1966 through December 1970. By 
.la m es C. Thomas .• June 1973. v + 57 p .. 18 figs., 11 tables. For sale by the 
Superint endent of Document, U .S. Government Printing Office. 
Washington . D .C. 20402. 

668. An annotated bibliography of t he cunner, T autogola brus adspersus 
(Wilbaum) By Fredric M . Serchuk and David W . Fra me. May 1973. ii + 
-13 p. For sale by the Superintendent of Documents, U .S. Government 
PrintlOg Office. Wa hington, D.C. 20402. 

flfl9 Huhpoint prediction for direct readout meterologica l satellites . By 
1. E. Eber. Augu. t 1973. iii + 7 p .. 2 figs . , 1 table. For sale by the 
S u perintendent of Documents. U.S . Government Printing Office, 
Washinglon , D.C 20402. 

1\70. l lnharvE'. ted fi hes in the U.S . commercia l fisher v of western Lake 
Erie 10 1969. By Harry D Van Meter . Ju ly 1973. iii +- 11 p ., 6 figs ., 6 
ta bles. For sale by the Superintendent of Documen ts. U.S. Government 
Printing Office. Washington . D C. 20402. 

" 71 Coas tal upwe lling indices, west coast of North America , 1946·71 
Bv Andrew Bakun ,June 1973. iv + 103 p ., 6 fi gs .. 3 t ables. 45 app. figs . 
For ,ale bv the Superintendent of Documents, U.S. Government Printing 
Offi cE' . Was hington. 0 C 20402. 



NOAA Technical Report NMFS SSRF-713 

Current Patterns and 
Distribution of River Waters 
in Inner Bristol Bay, Alaska 

Richard R. Straty 

June 1977 

U.S. DEPARTM ENT OF COMMERCE 
Juanita M. Kreps , Secretary 

National Oceanic and Atmospheric Administration 
Robert M. White , Administrator 

National Marine Fisheries Service 
Robert W. Schoning , Director 



The National Marine Fisheries Service (NMFS) does not approve, rec­
ommencl or endorse any proprietary product or proprietary material 
mentioned in this publication. No reference shall be made to N~1FS, or 
to this publication furnished by NMFS, in an~ advertising or sales pro­
motion which would indicate or imply that )\~lF approves, recommends 
or endorses any proprietary product or proprietary material mentioned 
herein, or which has as its purpose an intent to cause directly or indirectly 
the advertised product to be used or purchased because of this N~IFS 
publica tion. 



Introduction . . . . . . . . 
Background .. . . . . . . 
Distribution of river waters 

Determining salinity distribution 
Dye studie ....... . 

Path of fluorescent dye . .. . 
hear lines .......... . 

Plotting river water from drift card 
Synop i of di tribution of river waters 

Tidal influence 
Effect of wind 

Summary 
Literature cited . 

CONTENTS 

Figures 

Page 

1 
1 
2 
2 
3 
3 
8 
9 

10 
12 
12 
12 
13 

1. Bri tol Bay, showing locations of principal river systems . . . . . . . . . 2 
2. Vertical profiles of alinity at 16-km intervals , Bristol Bay, August 1966 3 
3. urface alinity at low tide, Bri tol Bay, July and August 1966 . 4 
4. Bottom alinity at low tide, Bristol Bay, July and Augu t 1966 5 
5. Surface alinity at high tide, Bristol Bay, July and August 1966 6 
6. Bottom alinity at high tide, Bri tol Bay, July and August 1966 7 
7. COUI e of river waters in Bristol Bay on ebb tide as determined from course of dye releases in July and 

Augu t 1965 and 1966 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
8. Cour e of river water in Bristol Bay on flood tide a determined from course of dye releases in July and 

Augu t 1965 and 1966 . . . . . . . . . . . . . . . . . . . . . . . 8 
9. Recovery location of card, Kvichak River mouth, 2 June 1967 9 

10. Recovery location of card, aknek River mouth, 2 June 1967 9 
11. Recovery location of card, Cape Chichagof, 2 June 190' 10 
12. Recovery location of card, Egegik Bay, 2 June 1967 ..... 10 
13. Recovery location of card, lat. 580 ,inner Bri tol Bay, 2 June 1967 11 
14. Recovery location of card, Cape Greig, 2 June 1967 11 
15. Recovery location of card, Uga hik Bay, 2 June 1967 . . 11 
16. Recovery locations of cards, Cape Menshikof, 2 June 1967 11 

Table 

l. umber and percent of drift cards recovered in eight area of Bristol Bay, 2 June 1967 ......... 9 

iii 



Current Patterns and Distribution of 
River Waters in Inner Bristol Bay, Alaska l 

RICHARD R. STRATY' 

ABSTRACT 

Hydrographic studies to determine the distribution of the water of the major sockc) c-~nlmlln­
producing river systems in inner Bristol Bay show the net seaward flo", of rher "ater i, along the' 
northwest (right) side of inner Bristol Bay, The net motion of seawater toward the head of Bri 101 Ba) 
transports with it the waters of Ugashik and Egegik rivers , which enter the bay on the ~outhl'll~t Sld~. 
Near Egegik Bay to Middle Bluff, the mixed sea and river water join the seaward flo\\ of K\ it-hak 
and Naknek river waters, which enter at the head of Bristol Bay. Waters of these four ri\ ers, along 
with the large volume of water from the rivers entering Nushagak Bay. are eventuall) tran.ported to. 
and move seaward on, the northwest side of Bristol Bay. Waters of Naknek. Egegik. and l ga~hik 
rivers are similar to each other in the courses followed during ebb and flood tide . Flood tide currenl~. 
along with the nontidal current, transport water from Egegik and Ugashik rivers above or north of the 
entrance to Egegik and Ugashik bays. 

INTRODUCTION 

The distribution and migratory behavior of juvenile 
~nd adult sockeye salmon, Oncorhy nchus nerka, while in 
Bristol Bay are influenced by physical and chemical 
~raperties of the bay. The literature on salmon behavior 
Indicates that certain features of a bay or estuary, such 
Is sa linity gradients (McInerney 1964), or phy­
;icochemical properties of home-river waters (Hasler and 
Ni by 1951; Wisby and Hasler 1954; Donaldson and 
\llen 1958; Hara et al. 1965; Hasler 1966) , may provide 
lirective cues to salmon during their seaward and hom­
n g migrations. In Bristol Bay, the distributioT' of home­
'iver waters and the physicochemical properties they 
tontain are the result of ocean currents. 

In conjunction with investigations by the ational 
f.1arine Fisheries Service of the early marine life of 
lockeye salmon (Straty 1974) and their later dis­
.ribution during spawning migration (Straty 1975), data 
vere collected to describe the current patterns and dis­
iribution of waters from the major ockeye- almon­
noducing river systems in Bristol Bay. Such infor­
nation was expected to provide a better understanding 
)f the relationship between environmental factor and 
>ehavior of salmon while in Bristol Bay and to provide 
mowledge for predicting the distribution of pollutants 

hich might be introduced into the bay or river during 
he. critical period when salmon are present. 

In thi paper I describe the di tribution of water from 
lach maj r river y tern as it flow out of the bay and 

Based m part nn a thesi. suhmitted to the ~radua[e <lh,)!)1 "I nre~ .n 
late elll\'ef'lly, Cor\'alli~, III partial fulfillment o[ the requirel1l~lIt. tm 

he deKree or Doctor (If Phllosllphy .. June 1 69, 
~(lrth\\'est and AIa~ka Pisherie Center Auke Ba\ LabMllllln, :-:8-

onal !\Iartne Pisherte, Sernce, :"\'OAA. PO Box l~5, AukI' B l\. AI" 
.:1 ~I 

describe current patterns of the mixed ~ea nnd riH'r 
waters within the bay. 

BACKGROUND 
Bristol Bay, the outhea tern terminu of the hallo" 

continental shelf of the Bering Sea, is con. idert'd t b 
the area east of a line drawn from Cape /Hi hel on 
Vnimak Island to the Kuskokwim River (Fig. 1). l nlJnak 
I land and the Ala ka Penin ula bound Bri ... tol 1:38) on 
the outh and east and eparate it from the. rth Pa I I 
Ocr all. The tudie reported here were (' nducted in th 
ir 1er bay between Kvichak and rinder ri\er. (Fig 11. 

Mo t of the precipitation in Bri 01 Bay 0 cur. from 
July through eptember. Total rainfall \'arie. rom -; 2 
to 101.6 em annually, Augu t being the raime t month 
(V . . Coast and Geodetic Uf\'ey 196-1). • lean Ir t m­
perature i about 1.7°C. Fog occur:; in ever) 111 mth of th 
year at rna t localltie ' Ice begins to form ,!long. hor t 
the bay in October or 1 Q\'ember and expand mard 
until March. Alt hough the ice pack u ualh b gm 
break up and melt in Apnl. ompact field t dnt 
may remain off hore until late ~la~·. O\er mu h I Bn 
tal "Bav wind are from the northea t rom ) t ber 
March ~nd from the southea,t in . pring, UI mer nd 
early fall. Average wind \clo ity i", 1- kn t t 

Heiden in outer Bri. tol Ba~ and, bOI t 0 kn t 

nek at the head of the bay, 
:\[u\'ement nf Wet er in Brt. tl)l Ha\ 1 

runoff. winrls. tidal current. d n tl\ 

movement of nceanil \\ atcr off t h n I 

funnel-shaped contiguratlon of the I d 

l'ntrances neate tid I current \\1 h 
knot,.,. Tide ,mil lurrent in th 11 
in which t\\.> high .lI1d t\\lll \~ «( 

It 1m 



Figure I.-Bri tol Bay, showing locations of principal river systems. 

Dodimead et al. (1963) depicted the pattern of the 
non tidal currents in a review of the general 
oceanographic condition in Bri tol Bay from May 
through Augu tin 1938 and 1939. Dodimead et al. (1963) 
inferred from salinity and sigma-t distributions that 
water in the bay moved counterclockwise. Hebard (1959) 
determined that the average velocity of this current near 
Port Moller (Fig. 1) on the Alaska Penin ula wa lightly 
less than 0.1 knot, or about 2 n.mi./day. 

In spring (May and June) a temperature front occur 
in the seawater across the bay and separate water of 
the inner bay from those of the outer bay. In 1939 this 
front occurred along a line from Port Heiden to Cape 
Pierce; surface temperatures and salinities indicated the 
presence of counterclockwise gyres both horeward and 
seaward of thi front (Dodimead et a1. 1963). The in­
shore gyre was apparently confined to the surface, and 
warm dilute river runoff was contained eastward of Cape 
Pierce and forced to recirculate shoreward of this front. 
By August the temperature front had disappeared, and a 
peripheral counterclockwise flow wa evident throughout 
the bay. These de cription of water movement apply to 
the area eaward of a line between Cape Constantine and 
Egegik Bay (Fig. 1). 

DISTRIBUTION OF RIVER WATERS 

Three method were used to determine the dis­
tribution of waters from individual river systems in inner 

R"l'enl data CIIl1ecled by the 0iational:\ 1 rine Fisherie Service which 
'He 0" file al the Allke Ba;' Lah<lratory, Allke Bay. Alaska, 'ugge ~ that a 
temperature rmllt n~~llrs annually, hut its location m.1Y \'a ry rrom year to 
year. 
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Bri tol Bay: 1) mea uring vertical and horizontal di 
tribution of alil1lty, 2) tracking river water tagged wit 
a fluore cent dye, and 3) tracking drift card released a 
trategic location in the bay. 

Four Bri tol Bay river y tern were tudied- aknek 
Kvichak, Egegik, and ga hik (Fig. 1) . The e ystem 
were ch en becau e their average combined productio 
of ockeye almon is more than 70CO of the total annu 
Bri tol Bay run. Moreover, a con iderable amount of in 
hore mark-and-recovery data were available for adul 
almon of tock occurring along the outheast side oftb 

inner bay where the e river enter. 

Determining Salinity Distribution 

alinity wa measured in 1966 at tations along s' 
parallel transect lines acro inner Bri tol Bay. Tb 
tation were located at -km interval along the off 
hore tran ect line, whi h were 16 km apart, and at 1.6 

and 3.2-km interval along in hore tran ect lines, whic 
were km apart. Salinity wa mea ured with a Beck­
man Model R 5-3 electrodele s induction salinometer at 
the urface and at 1- and 2-m intervals thereafter to the 
b ttom at low tide and u ually during the following hign 
tide. 

Data were collected on consecutive days in late July; 
and August during periods when tidal conditions were as 
nearly imilar as possible. Although transects could not 
alway be run on the de ired tide because of inclement 
weather and darkness, they could usually be run on the 
lowe t and highest tide of the day. Coverage of a 
transect line u ually began between 1 and 1 1' 2 h before 
low or high tide. The tracking vessel was kept on a con­
stant com pas course along a given transect line as it 



raveled between stations so that it moved toward the 
ead of the bay or seaward at a rate controlled by the 
peed of the tidal current. In this way the vessel was as­
umed to remain in water representative of water at the 
eginning of a tran ect run. 
Transects were usually run when the wind velocity was 

o to 15 knots; speeds greater than 13 knots caused waves 
o become unstable and break into whitecaps, resulting 

an increase in the mixing of the surface waters (John­
on 1960). 

The vertical and horizontal profiles of salinity in inner 
rist.ol Bay are used to interpret distribution of river 

/Vaters in the inner bay where there is very little vert ical 
rariation in salinity (Fig. 2). Vertical mixing is caused by 
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igure 2. - Vertical profiles of salinity ( %o) at 16-km interva ls across 
inner Bristol Bay, August 1966. 

the high velocities of the tidal current, shallow depth , 
nd wind . Salinity in inner Bristol Bay varied horizon-
ally, a h wn by surface and bottom salinitie at low 
nd high tides (Figs. 3-6); alinity was low on the north­
e t ide and high on the ea t side. Dodimead et al. 

( 1 63) found that thi condition persisted farther off­
hore: low- alinity water moved seaward on the north­

west ide of the bay, and a countercurrent of high­
alinity water wa present on the southeast side . This 

3 

current appeared as a wedge of high-salinn. 
between the river water entering ea h side of the bay. 

Dye Studies 

To track water from individual riv r., I u. ed a tracer 
technique utilizing a fluorescent organic pigment, 
Rhodamine B (alkyl aminophenol d rivative) .' This 
technique was first u ed by Pritchard and arpenter 
(1960) to observe the movement and dispersion of water 
in various parts of Che apeake Bay. 

Ideally, a tracer is released into a river when a con­
tinuous flow is expected for a period of time long enough 
for the t racer to achieve equilibrium with it environ­
ment. However, the objective of my tudy could be m t 
by in tantaneou release of enough Rhodamin B to trace 
it cour e over one or two tidal cycle. The dye wa' 
released only on days when wind velocities were Ie s than 
15 knots because the wind is considered to be an impor­
tant agent of mixing and dispersion of a tracer in short 
term studies such a mine. The dye was rapidly poured 
from plastic containers into the propeller wa h of the 
tracking vessel while traveling at a speed of 5 knots. Ap 
proximately 9.5 to 18.9 liters of dye were released about 1 
h after high lack tide along a continuou line 3 m wide 
acro the main channel of the river. The channel wa' 
eros ed three or four time with a line of dye laid down 
about 15 m up tream from the previous line. Th dye 
mixed rapidly with the water to a depth of 2 m; within 1 
h after release it had mixed to a depth of 4 m. Usually 
within 1 h, indiv idual lines of dye had diffused horizon­
tally and merged with one another, producing a vi ible 
patch acros the channel 60 m or more wide Dye was also 
relea ed in a similar manner near the end of the ebb tide 
on ,hore aero s the cour e a umed b) the dye previou Iy 
relea ed at the beginning of the ebb tide. The course oj 

this relea e wa followed during the follOWing flood tide. 

Paths of Fluorescent Dye. Dye was released into 
Naknek, Egegik and Ugashik rivers in ,July and August 
1965 and 1966. No dye was released in the Kvichak River 
because the course and distribution of Kvichak River 
water in inner Bristol Bay could be logically deducpd 
from reo ults of the Naknek River tud) and the surve '. 
to measure alinity. The tracks of 11 dve Telea. e in the 
three river showed that river water followed rather di .. 
crete and similar cour es in the inner bay (Fig. 7, ) 
The cour e of dye released near the end of ebb tide at th 
mouths of the three rivers indicated that a portion of th 
river water was carried north by the succeeding Ilood tIde 
(Fig. 8). Water entering the bay from the e river. (and 
Kvichak River) near the end of ehb tid, con. tillite t 1 

greatest fraction of fiver water entenng th' bay dUring 
tidal cycle. In rno t ca e , dye was tracked on th f1 d 
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tide at lea t 4. km north (abovel 01 the muuth IIf l ak­
nek, Egegik, and 19a hik river". lhi II1Ier mu\ 'd 
toward hore and over the tidetlat . 

The path of the dye wa followed as the "eel trfl\ h d 
at a peed of 3 knot. The ve' el's po,itllln \\a 8(­

curately maintained by referenl:e to prornin nt land­
mark, marker buoy. and bottom topography (deter­
mined by comparing fathometer readIng, wit h 
navigational charL of the areaL Becau, e of the low wind 
velocity (Ie s than 15 knots), the only lactur aft cling the 
vessel's po ition wa the tidal current. Dye \\a followed 
visually for about 1 to 2 h after it wa relea 'ed; therealt r 
a fluorometer (Turner Model Ill) wa used to detect it 
Continuou sampling wa: carried out by pumping wat",r 
from a depth of 1 m through the fluorometer a the ve,,­
sel moved through the water. When reading. indicated 
no dye was pre ent, the course wa altered 1 0° so that 
the dye patch wa reentered. 

Correction for background fluore cence weTe appli d 
to fluorometer readings during the tracking pha'e of the 
tracer studies. The e were determined by running 
samples of pure river water from each of the rivers to be 
studied through the fluorometer and recording the in­

strument's dial readings. In addition, waters along the 
course of proposed tracer release and the off hore por­
tion of the study area were also sampled to determine the 
level of possible interfering background fluore cen e. 
Only fluorometer dial readings above the e background 
levels were considered to indicate the pre en of dye . 
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a\1 rd 
gl nd 

la minImal, 
"henr line", \\ 'r' oh" n cI b ut . - km . e 'ar I from he 
mouth If Ih' ' kn kRI"r InFl ur i, heou erb und­
an denoon" t h lour e of h riven; corre p nd" (1 the 
!!eneral I<>l'ation of the -he r lin ,Dye rele ed into 

'akne . Egegik. and l'ga hik river never cru . ed well· 
d \ c!OPl'c! hear IIIl . F rther nft h('Te the. hear lines 
\\en.' not \\tdl d '\ eloped and the (h e eli 'per. cd laterall) 
to ./lnll' (,'I.tenl. no douht be au. t' 01 del re<{·e! ,elocille' 
and Ie"" dilferelll'l' III directl,m 01 separate current . The 
nortll\\ard xtenl of IIldi, Idual ri\ er waler during flood 
t ide.' could not be id",ntified b) . hear line (Fig. ). 

The ar{'[t or Kvirhak Ba) nil! occupied oy 'aknek 
RiH>f \Hlt er \\ a~ occupied b) K "It hak Rh er waler (Fig. 
I, I. K\'irhak Hwer had a much greater volume 01 di -
charge than 'aknek River, a indicated by the lower 
alinity on the northwestid of KVlchak Bay (Figs. 3, 6). 

Undouot dly. waters of the.e two river' mixed along 



their mt rf8 ('(' , parti ularly farther -award during hh 
t Iclt' whf'n current velocitie. wer r du d . .\1i inf! 
betl\l'cn wat r rna. a1. 0 took pia during flood tid, 
but Kvichak Riv r wat r wa pr dominant along th 
nurthwf.'. t shore and • aknek River wat r long lh 
. nuth 'a. t shor of K VI hak Ba,. 

Hi\· r runoff In this area mov d ,outhw .t tOI ard the 
northw st ide of inner Bri tol Bay (Fig, 7). Bv the lime 
(hee wat r· had moved eaward a. f r a. the Middl 
~lllff ar a, lh y were mor than km off"hore. Thi ' 
n()Vl'tnent of les. saline water may b inf rr d aL 0 [rom 
Iw ,alinity rlitnbutlOn (Fig, 3, ). 

Th ollrs and dl 'tribution of Egegik River waler I!> 

nbC) cl arly een in the ' alinity di ·tnbution ofT the en­
ran f! to Egegik Bay (Fig, 3,4). alinity data were not 
btain d from th entran e of ga hik Bay, but dye 
tudi', .,how d that the alinity pattern there hould be 
imilar to the one off Egegik Bay. 

lotting River Waters From Drift Cards 

Th drift card used in this study was developed by 
Vlartlll 1 7l. It is made of a folded heet (22 x 2 cm) 
"I' international orange pIa tic. A poly tyrene float at­
t ach d by galvaniz d taple to one end and a lead 

. ight atta hed to the oppo ite end keep the ard ver­
t ical in lh water. The card are erially numbered and 

ear print d instructIOn to the finder and pace for 
rel·ording r qu · ted recovery information. 

On 2 .June 1967, 1,007 card were rei ased at eight 
I( cation long the northea t ide of inner Bri tol Bay 
(Tabl ]). Th y were relea ed in group of 10 from an air­
r ft b tw n 1 nd 2 h after high lack tide 0 that tho I.' 

Te lea d n ar riv r mouth and bay entrance would 
mov imm diat Iy out into the bay. 

ards were recovered in two ay. 1) I collected card 
rllm beacbes during aerial urvey condu ted wk or 

IllOT after the curd were relea.ed, and 2) commercial 
IIlmon gill 11 t fi. hermen returned card which drift d 

mto thpir ar a of oper tion. Of the 1,007 card released, 
14 1 wer reeo\' r d (Table 1l. Th locations of reco\er) 
a nd rc,;ultant dir ct ion ' f drift are sho\\ n in Figur 9 to 

1). Ei~hty-nin (. C,) card ' were recovered trom 
h Aches; parts of 31 more card. were a1.o iound un 

' umber and pereent or drift curd., I' 0\ re-d from I'd a'~~ 

10 e'l:ht IIrPIl of inner Sn tol Ba), :! .June ( 

Utll "'t 10" HHII1 
(F.~. 'I (hI 

t) l ~l rti ... 
rl'l"II , .. d 

1Ll2 
I 

umb r 
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tration of card in this area was probably due to several 
factor. Water leaving i aknek River during the first 
~everal hour after high lack water moves seaward along 
the outhea tide of Kvichak Bay. This movement must 
al 0 occur for water above the Naknek River mouth along 
the ea t -ide of Kvichak River. Once the water level has 
dropped enough, the influence of a gravel bar off the en­
trance to • aknek River causes the main stream of Nak­
nek Rh'er water to be directed farther offshore, and the 
water moving seaward along the east side of Kvichak 
River i al 0 directed farther offshore. These flows con­
verge and cau e the hear line in the Naknek River 
mouth mentioned earlier. The emergence of the gravel 
bar at ebb tide also cau es an eddy seaward of the bar 
which extend a far as the northern end of Johnston Hill 
(Fig. 10). Drift card floating into thi dead-water area at 
a certain tage of tide may have been prevented for a 
time from further eaward movement, and most were 
recovered from 2 to 17 days after release, indicating some 
had been confined in the area for many tidal cycles . More 
than half the cards recovered in the area were taken in 
tationary salmon gill nets. 
Drift card released in the mouth of Kvichak River and 

recovered elsewhere than in the area south of the mouth 
of. 'aknek River how that the seaward flow of Kvichak 
River water i along the northwest ide of Kvichak Bay. 
Other than in the limited area mentioned, no cards 
relea. ed in Kvichak River were recovered on the 
. outheast ide of the bay (Fig. 9). 

Card relea ed in aknek River were recovered along 
the _outheast ide of Kvichak Bay as far as Low Point 
(Fig. 10), but no Naknek River cards were found seaward 
of this point on this side of the bay. One was recovered, 

+ 

I RECOVERIES = II I 

~ i Uft- II. n 0\ ,'r\ loealion of drift (,Brds relea~ed off ape 
( hI< h .:-nf. Inn, r nfl,'ol Ra). 2 .June 1%7. <til\(> from release -ite 10 
r O\< r\ 10(' tion IOdi'-UI~ r~,ult:lnt dirt'dion of tlrifL) 
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however, on the west side of Nushagak Peninsula, in­
dicating that the route of Naknek River water is offshore 
and toward the northwest side of inner Bristol Bay. 

Drift cards released off Cape Chichagof and the en­
trance to Egegik Bay (Figs. 11, 12) show that movement 
of the e waters is across and toward the northwest side 
of inner Bri tol Bay; one card from each release was re­
covered north of the release site. 

An eddy similar to the one at the Naknek River mouth 
probably exists south of Egegik River also. Most cards 
released between Egegik and Ugashik rivers were even­
tually recovered on beaches south of Egegik Bay (Figs. 
13, 14). 

Recoveries of cards from releases along lat. 58°N (Fig. 
13), off Cape Greig (Fig. 14), at the entrance to Ugashik 
Bay (Fig. 15), and off Cape Menshikof (Fig'. 16) show the 
cour e of the water to be north along the coast and ul­
timately toward the northwest side of Bristol Bay. No 
card from any of these four releases were recovered to 
t he south. 

The distribution of drift cards furnished direct 
evidence on the courses followed by Kvichak, Naknek, 
Egegik, and Ugashik river waters in Bristol Bay and on 
the influence of the net or non tidal current on this pat­
tern. The course followed is consistent with the course in­
ferred from the horizontal salinity distribution in the 
area and from results of the tracer studies. 

SYNOPSIS OF DISTRIBUTION OF 
RIVER WATERS 

Re ults of the three methods of investigation permit a 
rea onable synopsis of the distribution of waters of the 

I RECOVERIES = 5 I 

Figure 12. Reco"cry loca tions of drift cards released across eo­
trance to Egegik Bay. inner Bristol Bay. 2 June 1967. (Lines from 
release ~ite to recovery location indicate resultant direction of drift .) 



Figure 13.- Recovery locations of drift cards released along lat. 
58° , inner Bristol Bay, 2 June 1967. (Lines from release site to 
recovery location indicate resultant direction of drift.) 

major sockeye- almon-producing river systems in inner 
Bri tol Bay. The net seaward flow of river runoff water is 
along the northwe t ide of the bay, and the apparent net 
motion of seawater i toward the head of the bay on the 
southeast side. 

The vertical di tribution of salinity shows that the in­
ner bay and the lower reaches of the rivers are vertically 

----

I RECOVER I ES - • I 

Figure 15.-Recovery locations of drift cards r elcascd Rc ross en­
trance to Ugashik Bay, inner Bris tol Bay, 2 JUDl' 1967 . (Lincs from 
release site to recovery location indicatc resultant direc tion of drifl. ) 
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RECOVERIES ; 21 
I AT RELEASE SITE 

F igure 14.-Recovery locations of drift cards released off Cape Greig, 
inner Bristol Bay, 2 June 1967. (Lines from release site to recovery 
location indicate resultant direction of drift.) 

homogeneous. As a result, the circulation pattern in this 
region does not vary with depth. The motion toward the 
head of the bay, as pointed out earlier, extends to and 
perhaps somewhat above the Middle Bluff area in 
Kvichak Bay. 

The distribution of salinity (Figs. 3-6) and the routes of 
drift card (Figs. 9-16) both indicate that waters of ri vers 

,,.. 

I RECOVERIES ; 91 

.'0· ,!,. ~ 

Figure 16.-Recovery locations of drift cards released off Cape !\1en­
shikof, inner Bristol Bay, 2 June 1967. (Lines from release site to 
I·.'(.o\~ry loca tion indicate resultant direction of drift.) 



draining K vichak Bay move directly eaward along the 
northwe t ide of inner Bri tol Bay pa t Cape Constan­
tine . Between Egegik and Uga hik river and other rivers 
entering on the ea t ide of the bay i a region of high-
alinity water which ha a net movement toward the 

head of Bri tol Bay. Mixing and stirring will cause 
Egegik and Uga hik river water entering the east side of 
the bay to mix with adjacent high-salinity water which 
ha a net movement toward the head of the bay. Thus, 
the water of Egegik and Ugashik rivers are carried above 
their mouth toward the head of the bay by the net cur­
ren t (Figs. 7, 8), and near Middle Bluff thi water joins 
the fl ow of Ie aline water which is transported seaward 
on the northwest side of the bay. 

On the outhea t side toward the head of Bristol Bay 
and north of the mouth of Ugashik River, inshore water 
mu t become a mixture of Ugashik and Egegik river 
water rather than being largely Ugashik River water. 
Between the entrance of Egegik Bay and Middle Bluff, 
river water mu t be largely of Egegik River origin 
becau e it ha a greater discharge than Uga hik River. 

10reover, Uga hik River water is being diluted by lateral 
mixing with higher salinity offshore water during trans­
port toward the head of the bay. In the Middle Bluff 
area, Egegik River water should predominate, but some 

aknek River water could also be present. Kvichak River 
water mu t be well off hore in this area. 

Tidal Influence 

Flood tidal currents carry some Naknek, Egegik, and 
Ugashik river waters north or above their respective out­
lets into Bri tol Bay, which cover tideflat exposed at low 
tide (Fig ). 

aknek River water transported north of the Naknek 
River mouth by t he flood current mixes with Kvichak 
River water. T hi mixed water moves seaward on the suc­
ceeding ebb tide and should occur just to the west of the 
boundary mark ing the interface between water leaving 
Naknek and Kyichak rivers (Fig. 9) . Thu , regardless of 
the triking separation of these water shown by shear 
line, during ebb tide there should be a gradation from 
• 'aknek to Kvichak river water from the outhea t side to 
the northwe t -ide of Kyichak Bay. In addition , there 
should also be a change from aknek to Kvichak river 
water along the coa t directly above aknek River 
mouth during flood t ide. 

Egegik and ga hik river water tran ported north of 
the entrances to Egegik and Uga hik bay b flood tide 
lflg. ) mix with adjacent coa tal waters . Thi mixture 
mm e. ,'ea\\ ard on the ucceedmg ebb tide a part of the 
COIL tal water \ ... ·e t of the hear line marking the epara­
liun of coastal water and water leaving Egegik and 
l'g-ashik bays. respectively (Fig. 7). From the southea t 
to the northwe't ide of Bristol Bay in these regions, 
ther hCluld be a change from the coasta l water of Egegik 
nd 'g-. hik origin to high-salinity water , and then to 

low- hnl!\' wat r originat ing from 9 of the 10 major 
. l key(· almon-producing river ent ering inner Bri tol 
Hu_ 
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An additional effect of tidal action on the distribution 
of river water is apparent in the salinity distribution in 
the inner bay at low and high tide (Figs. 3-6) . The dis­
tribution of certain isohalines at low and high tides sug­
gests that a portion of the river runoff water that move 
seaward from K vichak Bay may actually be transported 
into Nushagak Bay at high tide. This river water would 
be mainly of Kvichak and Naknek origin, but perhaps 
some would be of Egegik origin . 

Effects of Wind 

My studies were done when wind velocities were 
generally less than 15 knots, and the effects of prolonged 
trong wind on the distribution of river waters were not 

evaluated. Strong winds undoubtedly increase the 
horizontal mixing between individual river waters and 
between river water and seawater. Drift cards afloat for 6 
wk or more assumed a distribution similar to the course 
inferred from the salinity distribution of the area. The 
card must have encountered winds exceeding 30 knots, 
which uggests that the circulation pattern determining 
the cour e followed by all river waters to the northwest 
ide of inner Bristol Bay may not have changed during 

period when winds exceeded 15 knot . 
In the summer months, wind in Bri tol Bay are 

generally from the southea t, and because the movement 
of surface water i to the right of wind direction in the 

orthern Hemisphere (Sverdrup et al. 1942), these 
southerly winds move water onshore or toward the head 
of Bristol Bay. Prolonged periods of strong winds may be 
expected then to expand or reduce the horizontal dis­
tribution of given river waters in the inner bay. Under 
such condition , one would expect it i largely K vichak 
River water (which occupies the northwest side of 
Kvichak Bay) that is moved toward the east side of the 
bay and that con iderable mixing between Kvichak and 

aknek river waters would occur. The same ituation 
holds true for the other river entering the bay. Although 
the horizontal distribution of individual river waters may 
be expected to expand or be reduced under prolonged 
trong wind , their seaward cour e should remain essen­

tially the arne. 

SUMMARY 

Hydrographic tudie were carripd out in inner Bri tol 
Bay to determine the eaward cour e and distribution of 
the water of major ockeye-salmon-producing river ys­
tem t- draining into the bay . The e tudie were con­
ducted in conjunction with investigation of the early 
marine lire and distribution of adult ockeye almon 
while in Bri tol Bay. They included : 1) determining the 
\'erti('al and horizontal di tributions of alinity in the in­
nel hay; 2) tracking and plotting the di tributio 1 and 
COUT:-. l' ()f 'aklwk . Egegik. and ga, hik river waterb dur­
ing fl()od and ebh with Rhodamine B dye; and 3) plot­
ting til l' l>l'dward course ol plastic drift card relea ed at 
H'\ eral locati()n ::. in inner Bristol Bay. 



The r!':mlts of th hydrographic ,;tudieshow d that 
the net seaward now of the light!'r and I s .. aline river 
runoff wat r is along the northw st. id of inner Bri. tol 
Bav. The n t motion of high-salinity water toward th 
head of Bristol Bay wa shown to tran. port with it t h 
IVi:ltf'r. of Ugashik and Egegik rivers, which enter the bay 
nn t he soul heas! side. Near Egegik Bay to Middle Bluff 
I hest' waters joined the seaward Oow of K vichak and 

aknek river waters, which enter at the head of Bri. to1 
Bay. Wat rs of these four rivers, along with the large 
volume of water from the river entering u hagak Bay, 
are eventually transported to, and moved seaward on, 
the northwest . ide of Bristol Bay. Dye tracer tudies 
showed that aknek, Egegik, and gashik river were 
similar to each other in the cour e' followed during ebb 
and flood tides Flood tide current, along with the non­
I ida I (,lITrent, tran ported water from Egegik and 
U~ashik rivers above or north of the entrance to Egegik 
and Ugashik bays, ree pectively. 
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