


UNITED STATES DEPARTMENT OF COMMERCE 
Maurice H. Stans, Secretory 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL MARINE FISHERIES SERVICE 
Philip M. Roedel, Director 

Alaska's Fishery Resources 
The Sockeye Salmon 

By 

WILBeR L. HARTMA 

Fishe r y L eaflet 636 

Seattle , Washington 

March 1971 



CONTENTS 

Introduction ........... ................. ... ......... ... . 

Life history . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Management of th e fi shery and scientific research ......... 6 

Helpful referenc es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

iii 



Alaska 's Fishery Resources - The Sockeye Salmon 

By 

WIL B UR L. HARTMAN, Fishery Biologist l 

Nationa l Marine Fisheries Service Biological Lab oratory 
Auke Bay, Alaska 9<)821 

ABSTRACT 

Sockeye salmon, Onc orhynchus nerka, are produced in river-lake systems 
in C anada , Alaska, and the Soviet Union. Alaska production has a v eraged $32 
million to the wholesaler annually since 1945; the value was $72 millionin 1965. 
Femal e sockeye salmon carry about 3,500 eggs and spawn in late fall in lake in
lets and outlets and even the lakes themselves. The following spring, inch-long 
f ry emerge and migrate at night to the lakes. After spending 1 to 4 years grow
ing in the nursery lakes, the fish migrate i n schools to the feeding grounds far 
out in the Pacific Ocea n . After 1, 2, or 3 years at sea, the maturing sockeye 
s a l mon return through the c oastal waters to the fres h w a ter spawning grounds. 
Sockeye salmon J\Then grown weigh 6 to 9 lb and average 24 inches long. They 
are captured by a Japanes e high seas gill net fishery, an American inshore gill 
net fishery, and the Alas ka native subsistence fishe r y in the rivers a nd lakes. 
The State of Alaska manages t'1. e inshore fishery. The National Marine Fisher
i es Service proviC!es the basis f or r esearch needed for rational management and 
inte r nati onal protection of this valuable natural res ource. 

INTRODUCTION 

Th e sockeye salmon, Onc o rhynchus nerka, 
a ls o k n own as th e r ed sal mon, is a renewab le 
natur a l r esour ce of p r ime economic importance 
to th e S tate o f A l aska . Its deep red flesh, rich 
in o il s , makes th e sockeye salmon the most 
h i ghly p rized o f th e five Pacific salmons for 
c anning o r smoki ng . Historically, the harvest 
o f th e comme r c i a l f i shery for sockeye salmon 
has b ee n measur e d b y the numb er of cases of 
t h e c anned p r odu ct (48 l-lb cans per case ) . T h e 
g r eates t s u s tain ed a b u n dance ove r a l ong pe ri o d 

lpresent address : Bureau of Spor t Fi s h e ries and 
Wildlife, DepartITle nt of the Interior, Sandus ky, 
Ohio 44870. 
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o f time was between 192 9 and 1938 when the 
annual harvest exceeded 2 million cases seven 
times. Betw een 1945 and 1967, the harvest 
ranged from a high of 1,945, 000 cases in 1965 
to a low of 487, 000 in 1963 (table 1). The table 
also shows the wholesale va lue of the harvest. 
The rec o rd h "l. r vest in 1965 was worth $72.1 
mill i o n - - a value that increased many times be
fore the canned product reached the housewife. 

Sockeye salmon are produced in river-lake 
systems in Canada, Alaska, and the Soviet Union 
around the perimeter of the North Pacific Ocean. 
The eight major producing systems and the sizes 
of the i r a n nua l catches are shown in figure 1. 
The most important system in Alaska is the 
Bristol Bay complex, which produces an annual 
average catch a l most as large as the average 
yea rly catch o f the seven oth er systems com
bine d (fig. 1 ) . 



Table 1 . --Numb e r of case s and whole sale value 

of s oc key e sa l m on caugh t in A la ska, 1945 -67 

1945 
1946 
1947 
1948 
1949 
1950 
195 J 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

Case s of s almon2 

(th ousands) 

1, 173 
1,065 
1, 87 6 
1, 635 

968 
1, 166 

8 17 
1, 18 1 

99 4 
804 
662 

1, 0 10 
7 63 
4 88 

Whol esale v alu e 

(millions of d o llars ) 

$18 . 3 
22.9 
45 . 4 
45 .0 
25. 5 
34 . 2 
26 . 0 
33.8 
2 8 . 0 
23 .2 
21. 0 
34.9 
26 . 7 
16.5 

1959 585 2 1. 4 
1960 1,1 66 39 .7 
1961 1,296 47.9 
1962 755 27. 9 
1963 487 20 .6 
1964 71 5 29 . 3 
1965 1, 945 72. 1 
1966 1, 237 46 .2 
1967 700 2 8 . 9 

Average 1,021 $32.0 

lThe figures for 1945 - 63 a r e f ro m the 19 64 
Pacific F isherman Yearb ook; landings 1964- 67 
from 1968 Nationa l Fisherman Yea r b o ok issue; 
values 1964 - 67 from A l aska D epartment of F ish 
and Game Sta tistica l L eafl ets . 

2A case of salmon conta in s 4 8 I-lb cans. 

LIFE HISTORY 

Sockeye sal mo n s p e n d a l mos t a ll o f th e ir li fe 
in fresh water. T h e adul ts s pawn in l ate sum 
nler and autum n in t h e i n l et a nd outl e t rive rs o f 
lakes and in the lakes th e m s e l ves . The e ggs 
hatch in winter, and th e yo ung fry e m e r ge fr o m 
the spawning gravel s and m i g rat e t o th e lakes 
in the spring. The yo ung s a lmo n spe n d 1 t o 4 
years growing in the nur se r y l ake s b efor e th ey 
migrate to the feed ing g r ound s fa r o ut in th e 
North Pacific Ocean. Afte r 1, 2 , or 3 y ears a t 
sea, maturing fish r e turn in th e s p ring t o the 
coastalwaters. Some ar e tak e n b y comm e r c i a l 
and subsistence fishe ri es , whil e t h e r e s t co n
tinue their journey to th e ri ve r s a nd lakes to 
produce the next generat io n . The life histo r y of 
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the s oc key e salmon is pictured graphically i 

figur e 2 and is compa r e d w ith the life histo r 
o f th e o ther four Pa c i fic s almons in tabl e 2. 

With this life cycle in mind, l e t us now con 
sider s o me o f the inte resting details of the nat 
ural histo r y o f the soc key e sal mon. Each sprin 
millio ns o f th e adults leave thei r feed ing ground 
in t h e N o rth Pacific Ocean and m i g rate hundred, 
o f mil e s to r e turn t o the lake and stream spawn 
ing a r eas fr o m which they eme r ged as tiny fr: 

(abo ut 1 in c h l o n g ) a few years earlier. Thl 
na v igatio n a l syst ems they use are still unknown 
y e t th e une rring return t o "home" riv er-lakl 
syste m s and th e constanc y o f timing of this re o 
tu rn ea c h year attests to some rather remark· 
a bl e guida nce m echanisms. Some scientist! 
fee l th at o n th e hi gh s eas, salmon may be usin~ 
a c e l e stial objec t, s u c h as the sun, as c lock! 
and compass bear i n gs, much as a sailor navi
gates w ith his sextant and chronometer. Sci
e nti s t s b e li e v e that as th e adult salmon enteI 
es t ua ri es a n d n ear their natal s paw ning grounds , 
th e sense of s m e ll guides them to the home 
spawning a r ea- - the area whose combination of 
ino:cganic a nd o rganic odors most c l o sely re
sembles t h at w hic h the sal mon experienced a s 
eggs and young fr y in the gravel. 

Sockeye salmo n reach the spawning stage at 
diffe r ent a ges . M o st are 3, 4, 5, o r 6 years 
old, but s o m e may return to spawn at 2 years 
and o th e rs a t 7. A sockeye salmon's age can 
b e de t e rmine d from growth rings on its scales 
o r on its ear bones, w hich are called otoliths. 
Mature socke ye sal mon weigh an average of 6 
Ib and a v erage 24 inches l o n g (range 18 to 30 
inc h e s), but some exceed 10 lb. 

M a ny things happen t o th e maturing sockeye 
s a l mo n as they near f r esh water. They stop 
f eeding , and th e ir digestive systems become 
n o nfunc tio nal and degenerate . From this point 
o n, th e spawning fish derive their nourishment 
from o ils in their rich r e d flesh. The protein 
reser ve s in the flesh and skel e tal structures and 
even th e s cal e s ar e drained. Other more evi
d e nt c hange s take place: The fish lose their 
silve r y oc ean sheen, and the b o dy becomes red
dish and th e h ead g reenish ; b o th sexe s develop 
v icio u s -looking t eeth , and the male's snout be
com es v e ry e l ongate a nd hooked. By spawning 
time the mal e s ar e fire-e n g ine red, and with 
th e ir mi s shape n snouts (fig. 3 ) they display a 
g r o t e sque but t o some extent b eautiful co stume. 

In A laska the spawning season for sockeye 
salmo n e xt e nds from la te July to early October, 
d e p e nding o n the l ocation. Spawning occurs in 
inl e t and o utlet streams and along the gravel 
b ea c hes of some lakes down t o d e pths as great 



CANADA 

CHIGNIKf) 

INSHORE CATCH OF SOCKEYE SALMON (THOUSANDS) 

(:) SKEENA 

o RIVERS INLET 
AREA CATCH AREA CATCH 

I 7,9 55 5 822 
2 3,834 6 59 1 
3 1,8 80 7 523 
4 893 265 

i gure 1. --E igh t major sockeye salmon-p roducing systems of North America and Asia. Systems are 
r anked by number acc o rding to the size of their a verage annual catches in the years 1944-5 9, except 
fo r the cat ches of the River s Inl et system , which are for 1951 -67. 

:5 100 ft. Inmo st systems th e amo unt of spawn-
19 inlakes is cons id e rably l ess than in s tr eams, 
ut in Karluk and iliamna L akes , lak e spawning 
; extensive in some years . In general, s pawn -
19 coinc i des with wate r temperatur es of 40 0 to 
0 0 F, so that fish br eeding i n lakes or in their 
u tlets s pawn late r than those in th e streams 
e caus e lake wa t e rs genera lly cool off more 
lowl y in l ate summer than d o runoff waters in 
3.ke tributaries . Early and l ate runs do not 
.s ually spawn in the same parts of the system. 

B o th sexes ha ve stereotyped b e havi or pat
e rns that l ead to th e s paw ning act and continue 

IJ ith def e n se of the nest until th e d eath of the 
l dults . A spawning pair (fig . 4) occupy a t e r
r itory w hich they v i go r o usly d efend against in
vas i o n s b y o th e r spawning sockeye sal mon--the 
m ale bluffing o r fighting off oth er mal es and the 
femal e d efending against oth er females . During 
this time th e fema l e , and the male to some ex 
tent, digs a depr ess i on in t h e gravel b y lying on 
he r side and stirring th e g ra ve l w ith rapid and 
powe r ful strokes of her tail. The dislo d ged 
gravel is swept downstr eam, and soon a pit up 
t o 10 to 16 inc h es d eep is excavat e d . At th e time 
o f spawning th e female settles into th e pit , and 
the mal e approaches h e r ve ry closel y. Th e eggs 
a nd milt are released into the pit simultane -

)ously. Th e egg s l ack buoyancy and are slightly 
a dh es i ve for a few m inutes , and most of them 
s ink into crevic es b etween the uncove r ed ston e s . 
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Immediately after she spawns the female digs 
in the gra v e l upstream from the pit, and the 
water current carries some of this gravel down
stream to cover the fertilized eggs. Each fe
mal e spawns three to five times, constructing 
a new pit in the gravel each time . This dis
turb ed area o f g r avel is called the redd. After 
her eggs are deposited, the female defends the 
redd area; the male may als o defend it o r may 
move on to spawn with another female. The 
mal e and female both die several days after 
spaw ning, a nd their b od ies drift downstream and 
l odge o n the banks of the stream (fig. 5). 

The r edds where the eggs are deposited may 
include fine and coa rs e gravel and even stones 
3 to 6 inc h es i n diameter. Some sockeye salm
on, in fact, spawn among r ocks so large that 
they cannot b e moved by digging. The spawning 
s i tes are usually selected where there is good 
waterflow thr ough the gravel for the eggs, which 
hatch and devel op during w inter or early spring. 
Th e inch-long fry remain in the gravel for sev
e ral weeks livin g on the nourishment in their 
attach e d yo l k sacs. During this time they are 
very active and may move around in the spaces 
b e twe e n the stones. E ventually they move up 
out of the gravel and begin their free life, some 
t i me during the period of April through June . 

After th e fry emerge in lake tribuaries, they 
move down stream into the lake ; those hatched 
in lake outlets must move upstr eam into the 



FEMALE 

FISH SPAWNING IN HOME STREAM 
JUN E - SEPT. 

FISH MATURING IN OCE AN 
1-4 YEARS 

--. 

FRY MIGRATION TO NURSERY lAKE 
MAY-JUNE, I INCH lONG 

SMOlT MIGRATION TO OCEAN 
JUNE - JULY, 3-6 I NCHES lONG 

Figure 2. --Life cycle of t h e sockeye salmon. 
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ble 2 .--General life histo r y featur es of the five sp ci s o f Pacific salmon in Ala ka . (E . p-
tions to these general descripti ons occur fr q u nUy ) 

Time spent 
Time 

~ cies in f r esh Y ear of Av ragl' 

)f Freshwater water after spe n t lif a t weight 
habitat at s e a of adults I .mon emergence spaw ning 

from gravel (years) (lb) (th OllS 

c keye Short streams 12 - 48 months 

and lake s 

nk Short streams Usually less 
than 1 day 

lUm Short and long L ess than 

streams 1 month 
)ho Short streams 12 - 24 months 

l inook Large rivers 3 - 12 months 

lWeight of whole or r ound fish . Source: Int. 

igure 3. --Severely hooked jaws of a spawning 
rna e sockeye salmon. Males are vicious de 
fenders of their nesting areas. 

~igur e 4. --Pair of sockeye salmon on spawning 
redd. 

1- 3 3 - 6 6 3. ~ 

2 4, Z.O 

2 - 4 3 - 5 8 3.0 

1- 1/ 2 3 - 4, 9 3.'" 
1- 4 3 - 6 20 4.0 

5 

N . Pac . Fish . C OmIn . , Bull. 12, p. ! 

Figure 5 . --D ec omp osed and dri d carca8 e8 of 
s ockeye salmon on a beach b 'low '" pawmn 
stream. 

lake . They migrate ~ in ly dunn 
h our s of the night , thu~ nlinimlzin r 
of pr edation by char , sculpins , trout, dnd bird. 
O nce i n the lakes the fry mov about in h 01 
and feed on minute plant~ and dnimd1 (ft. ). 
D u ring this part of their hf . 1 th, y0 n 
sockeye salmon ~at many oi th food 
stickleb acks , whitefish, and o th r m 11 fl 
They a r e p r e 'ed upon by lar er fi h, 
l ake trou t and Arctic ch r , nd bird, 

Their 1 k 

life at sea . 
r apidly down ream , U 

hou r s 01 th ni ht. Driv n 



Figure 6. --A net such as this is t owed in the nur
se ry l a ke s to sample t h e microscopic plants and 
animals that constitute the diet of j uvenile sock
ey e sal m on . 

unknown forces , th ey mig r ate out thr ough th e 
estua rie s and disappear i nto th e Pac ific Ocean. 
They are 3 to 6 inc h es l o n g and have silve r y 
bodies w ith gree n ba cks (fi g . 7 ) . They firstfee d 
mainly o n min ute c rustacean s , but as they g r ow 
larger they gradu a lly s hift t o s quid , s h rim p, a nd 
small fish . T he s ize o f th e s o cke ye sal mo n at 
the approach of sexual maturatio n a nd the start 
of the n~ig r a ti o n t o th e " h o rne " spawning gr ounds 
depend on th e ge n e tic make up o f the sto cks , th e 
l ength o f ocea n li fe , and the d i stance o f t h e mi
gration to the s pawning grounds . T h e m i g ration 
timing i s pr ob a bly r e l a t e d to the seasonal t e mp
erature co n d i t i o n s o f th e s pawning g r ounds and 
must influe n ce th e s ize of t h e s ockey e salmo n 
by contr olling th e a mount of ocean g r owth in the 
fina l oc ea n yea r. 

C e rta i n populat i o n s o f sockeye salmon b e 
come landlocked in l a k e sys t ems. Th e se fish, 
ca lle d kokanee , s u rvi ve by a dapting th e ir e ntire 
life cycle to fr e s h wa t e r. They do not l eave th e 
l akes as smolts b ut r a th e r g row and matur e in 
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Figure 7. - -Sockeye s almon smolts, 4 to 6 
l ong, are sampled on their migration to 

th e l a ke s u ntil t h e t ime of s pawning. 
kokanee ar e n o t us u a lly younge r than soc 
salmon at the time of s pawning, they are 
siderabl y s mall e r, often l e ss than 14 . 
l o ng , b ecause t h e y have n o t grazed on the 1 
pastures o ffo od inthe ocean. Like the sea 
sockeye salmo n, k okanee all die after spaw 

With the m i g ratio n o f Alaska adult socke 
sal mon from th e ocean fe e ding grounds to 
spawnin g g r o und s , we ha ve corne full circle 
their life cycl e . Many o f th e salmon w ill 
ha r ves t ed b y (1) a Japanese high seas fishe r 
( 2 ) t h e Amer i c an insho r e gill net fishery , ( 
(3 ) th e A laska native subsistence fish e ry in tl 
rive r s and lakes . Thos e e scaping these va riot 
f i s h e ri e s w ill e nter their horne streams to spa", 
a nd p ro pagate th e spe c i e s. 

MANAGEMENT OF THE FISHERY AND 

SCIENTIFIC RESEARCH 

C o ns e rvation of the s o ckeye salmon resour c 
in t e r m s o f wise us e req uires rational manage 
m e nt o f the fishery and o f the sockeye salmon 
produc ing systems themselves. Since State 
h o od in 1959, the State of Alaska has assum e 
r e sponsibility f o r regulating the fishery. Th 
Natio nal Marine Fisheries Service continues t 
pr o vide the s c ientific r esearch basic to rationa 
management o f the fishery. Because of inte r 
national complicatio ns during the past 15 year 
(brought on by the exploitation of the resourc 
b y a Japanese high seas gill net fishery), th 
Service shares with the State th e responsibilitl 
o f preserving the r esource and safeguarding th l 
rights of U. S. fishermen through internati ona. 
treaties and negotiations. Each year as thE 
adult sockeye salmon leave the ocean and heac 



igu r e 8. --Fences like this one at Br oo ks Lake , A laska, ar e used t o sample and count the migration 
of adult sockeye s almon t o c ertain spawning grounds eac h year . 

award the coastal w aters t o s paw n, t h e fis h e r y 
nanagers face the difficult ta sk o f a llow ing a 
na x imum yield to the fish e r y w hile p ermi ttin g 
m ou gh fish to escape t o th e s pawning grounds 

o perpetuate future g e nerations. M a nagement 
m d r esearch efforts by th e S tate and the S ervi ce 
n ust pr ovide the info rmatio n n ee d e d t o d e t e r
:nine the strength o f the run s a nd t o contr o l 
the many factors that bear o n pr o duc tio n and 
sur vival. 

A great ma n y v ital statistics a r e gath e r e d t o 
ans wer such questio ns as: H ow many s o c ke y e 
salmon we r e caught in e ach fi s hing distri c t ? 
How man y escaped to various spawning grounds 
(fig. 8)? What w e re their a g es ? H o w many 
e ggs we r e successfully buri e d in th e spawning 
g ra ve l s? What was th e surv i val of these eggs 
to hatching? How many y o ung sockeye 5almon 
leftthe nur sery lakes this spring? H ow o ld and 
what size we r e they? What is the ave rage ma 
rine survival until the adults return to the fish -

, e r y ? H ow big w ill n ext yea r' s run of adults to 
t h e fish e ry and th e spawning g r ound s be? 

T o suppl ement these statistical data, bi ol ogi -
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cal a nd e n v iro n menta l info r m ation i s gathered 
t o a n swe r such ques tio n s as: H ow m any socke ye 
s a lmo n c an spaw n in a ce rtain ar e a without its 
b e ing overcr owd e d ? H ow muc h oxygen in the 
wate r do e ggs n eed f o r emb ryol ogical develo p
ment ? How muc h s and and s ilt in the spawning 
g rave l s w ill suffo cate e g gs? What fis h p r e y o n 
sockey e s almo n fr y and h ow ext ensivel y? What 
d o young s ocke y e salmo n e at i n the nursery 
lakes, and what fa c t o rs influence the ric hness 
o f this food supply? Wh e n d o sockeye salmo n 
l e a ve f o r th e ocean, and wh a t are th e haza r ds 
al o n g th e way? 

L e t us l o ok now at a typic al s u rvi va l schedule 
f o r Alaska s o cke ye salmo n. Of th e 4, 000 eggs 
carried by a spawning femal e , only about 400 
e v er surviv e the spawning l o s ses , th e f r eezing 
gravels and disease during incubatio n, and the 
predation during their m i g ratio n as fry to the 
lakes . Only about 32 of these survive to l eave 
the nurs ery lakes as smolts. Of th e s e , o nly six 
survive ocean hazards to return t o the ins h ore 
fisheries; from these six, at least o n e m ale a n d 
on e female (carr ying 4, 000 eggs) mu s t b e p e r-



ITlitted to esca p e and spawn to start th e next 
generation. This survival schedule l eaves an 
average of only three adults froITl the o riginal 
4,000 eggs ava ila bl e t o th e fishery. Any catch 
greater than th r ee of eve r y six fish could sho rt 
change the escapeITlent , to th e detriITlent o f fu
ture production. Su r vival schedules deviate , of 
course, froITl thi s typical o n e. We ITlust l ea rn 
the su r viva l schedule of eac h ITlajor population 
so that fishery ITlanage r s will have continually 
iITlproved guid elines fo r proportioning the sock
eye salITlon between the fishery and th e spawn
ing grounds . 

In addition t o assurin g o ptiITluITl escapeITlents 
to the spawnin g grounds , th e fishery ITlanage r 
has othe r ITleans of ITlaxiITlizing freshwater pro 
duction. New spawning g r ounds can be ITlade 
available to salITlon by reITloving or bypassing 
natural or artificial barriers to ITligrat ion. 
Hatcher ies and seITl inatural spawning cha nnels 
can augITlent fry production ITlaterially. Sa n ds 
and silts that suffocate eggs can be c leans ed 
froITl va luabl e spawning grounds. Predator o r 
cOITlpe titor fish can b e reITloved in small lakes. 
And spawning adults , eggs , or fry can be trans
planted to strengthen o ld populations o r estab
lish new ones . 

In conclusion, the sockeye sa lmon o f A l aska 
is a tremendously va luabl e protein resour ce and 
an economic benefit to the nation. The sa lmon, 
h owever, continuall y face such hazards as ove r
fishing, dams along the migration routes , silt 
ation of the spawning gravels, a nd pollution of 
the r ea ring areas , plus all the natural physical , 
chemical, and biological hazards of each e n v i 
r Ol1ITlent. Only continued and increased support 

o f the fishery managers and the r esearch sci 
entists will resultin wise and maximuITl use of 
th is resource. 
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