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Synopsis of Biological Data on the Chum Salmon, 
Oncorhynchus keta  (Walbaum) 1792 

By 

RICHARD G. BAKKALA, Fishery Biologist 

Bureau of Commercial Fisheries Biological Laboratory 
Seattle, Washington 98102 

ABSTRACT 

Information presented on the chum salmon includes nomenclature, taxonomy, 
morphology, distribution, ecology and life history, population dynamics, fishery, 
and protection and management. 

INTRODUCTION 

The Fisheries Biology Branch of FAO  has 
formed a "Synopsis Association,"  composed 
of fishery agencies willing to contribute to the 
preparation of synopses on fishes and other 
aquatic organisms of commercial value. 
Several organizations, including the U.S. Fish 
and Wildlife Service, Bureau of Commercial 
Fisheries, have agreed to collaborate with FAO  
in this undertaking. Synopses prepared by 
Bureau personnel will be published in the 
circular series and will follow the format pre-
scribed by Rosa (1965). 

The primary purpose of this series is to make 
existing information readily   available to 
fishery scientists according to a standard 
format, and thereby to draw attention to gaps 
in knowledge. It is hoped that synopses in this 
series will be useful to scientists initiating 
investigations of the species concerned, or of 
related ones, as a means of exchange of knowl-
edge among those already working on the 
species and as the basis for comparative study 
of fishery resources. 

The chum salmon (Oncorhynchus keta)  
spawns in five countries (the United States, 
Canada, Japan, Korea, and the U.S.S.R.) and 
is most abundant on the Asian continent; there-
fore, a complete synopsis on its biology should 
be based on studies from all five countries. I 
tried to achieve this aim as nearly as possible. 
My review of the literature was restricted, 
however, to the studies published in English 
or to the Japanese and Russian studies that 
had been translated into English. Consequently 
some important information has undoubtedly 
been omitted, and I hope that it will be added 
to the synopsis when it is updated in the future.  

1  IDENTITY 
1.1 Nomenclature 

1.11 Valid name 
Oncorhynchus keta  (Walbaum) Jordan and Gil-
bert (1882: 305, fig. 1). 

1.12 Synonymy 

Adapted from Jordan and Evermann (1F96).  

Salmo keta  vel kayko Walbaum (1792' 72). 

Salmo lagocephalus  Pallas (1811: 372). 

Salmo  japonensis Pallas (1811: 382). 

Salmo consuetus  Richardson (1854: 167). 

Salmo dermatinus  Richardson (1854: 169). 

Salmo canis  Suckley (1862: 9). 

Oncorhynchus lagocephalus  Giinth e r (1866: 
161). 

Oncorhynchus keta  Jordan and Gilbert (1882: 
305). 

1.2 Taxonomy 

1.21 Affinities (According to Berg, 
1947) 

Suprageneric  
Phylum Vertebrata 
Subphylum Craniata 
Superclass Gnatho stomata 
Series Pisces 
Class Teleostomi 
Subclass Actinopterygii 
Order Clupeiformes 
Suborder Salmonoidei 
Family Salmonidae 
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FIGURE 1.--THE CHUM SALMON, ONCORHYNCHUS  KETA (WALBAUM),  (PHOTOGRAPH COURTESY OF NATIONAL FISHERMAN) 

GENERIC 

ONCORHYNCHUS  Suckley, 1861 (1862: 313) 

GENOTYPE: 

SALMO SCOULERI  (RICHARDSON) 

THE GENERIC NAME IS DERIVED FROM GREEK 
ONKOS  (HOOK) AND RHYNCHOS  (SNOUT). 

THE GENERIC CONCEPT USED HERE IS THAT OF 
JORDAN AND Evermann (1896): 

"BODY ELONGATE, subfusiform, OR COM-
PRESSED. MOUTH WIDE; THE MAXILLARY LONG, 
LANCEOLATE, USUALLY EXTENDING BEYOND THE 
EYE; JAWS WITH MODERATE TEETH, WHICH BE-
COME IN THE ADULT MALE ENORMOUSLY EN-
LARGED IN FRONT. Vomer LONG AND NARROW, 
FLAT, WITH A SERIES OF TEETH BOTH ON THE 
HEAD AND THE SHAFT, THE LATTER SERIES COM-
PARATIVELY SHORT AND WEAK; PALATINES WITH 
A SERIES OF TEETH; TONGUE WITH A MARGINAL 
SERIES ON EACH SIDE; TEETH ON vomer AND 
TONGUE OFTEN LOST WITH AGE; NO TEETH ON THE 
HYOID BONE. Branchiostegals MORE OR LESS 
INCREASED IN NUMBER. SCALES MODERATE OR 
s MALL. DORSAL FIN MODERATE; ANAL FIN 
COMPARATIVELY ELONGATE, OF 14 TO 20 RAYS. 
PYLORIC APPENDAGES IN INCREASED NUMBER. 
GILL RAKERS RATHER NUMEROUS. OVA LARGE. 
SEXUAL PECULIARITIES VERY STRONGLY DEVEL-
OPED; THE SNOUT IN THE ADULT MALES IN SUM-
mer AND FALL GREATLY DISTORTED; THE PRE-
MAXILLARIES PROLONGED, HOOKING OVER THE 
LOWER JAW, WHICH IN TURN IS GREATLY ELONG-
ATE AND SOMEWHAT HOOKED AT TIP; THE TEETH 
ON THESE BONES ALSO GREATLY ENLARGED. THE 
BODY BECOMES DEEP AND COMPRESSED; A 
FLESHY HUMP IS DEVELOPED BEFORE THE DOR-
SAL FIN, AND THE SCALES OF THE BACK BECOME 
EMBEDDED IN THE FLESH; THE FLESH, WHICH IS 
RED AND RICH IN SPRING, BECOMES DRY AND 
POOR. SALMON, MOSTLY OF LARGE SIZE, AS-
CENDING THE RIVERS TRIBUTARY TO THE NORTH 

PACIFIC IN NORTH AMERICA AND ASIA, 
SPAWNING IN THE FALL." 

SPECIFIC 

THE TYPE SPECIMEN IS SALMO KETA  OF Walbaum 
(1792: 72) FROM THE KAMCHATKA RIVER. THE 
ORIGINAL DESCRIPTION, AS CITED BY OKADA (1960) 
IS: 

Salmo keta VEL KAYKO WALBAUM 

D. 14. P. 15. V. 11. A. 18. 

"CAPUT BREVE, obtusum. CORPUS immac-
ulatum. C auda LUNA  t A. CARO alba. 
Squamae argenteae. Dorsum viridescens. 
Capitur copiose IN flumininbus Kamtsch-
atkae.  

"SALMO KETA  VEL KAYKO, Kraschein-
nikow, 1.c.  pag. 181. Salmonem Narkam 
magnitudine aliquatenus superat: CAPUT 
oblongum, planum. ROSTRUM resimum. 
Dentes, POST quam aliquamdin IN flumine 
moratus est, caninis SIMILES fuint. LINGUA 
acuta.  C A uda parum bifurca. Dorsum 
atro-viride, latera & ABDOMEN similiter 
colorata ac aliis  selmonibus sed absque 
maculis." 

SPECIES DIAGNOSIS ACCORDING TO CLEMENS AND 
Wilby (1946): 

"BODY ELONGATE, SOMEWHAT COMPRESSED; 
CAUDAL PEDUNCLE SLENDER. HEAD CONICAL; 
MOUTH TERMINAL; TEETH CONICAL, STRONGLY 
DEVELOPED, BECOMING FANG-LIKE IN MATURE 
MALES; branchiostegals, 10 TO 16; RAKERS 
ON FIRST GILL ARCH, 19 TO 26, SHORT, STOUT, 
SMOOTH, WIDELY SPACED. FINS: DORSAL (1), 
10 TO 13; ADIPOSE, SMALL, SLENDER, FLESHY; 
ANAL, 13 TO 17; PELVIC, ABDOMINAL, EACH 
WITH FLESHY APPENDAGE  AT BASE; CAUDAL, 
e MA r gina t e. LATERAL LINE: SLIGHTLY DE-
CURVED,  THEN STRAIGHT. SCALES: CYCLOID; IN 
FIRST ROW ABOVE LATERAL LINE, 130 TO 153; 
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C. LATERAL-LINE SCALES 130-147 (AVERAGE 
ABOUT 139); BRANCHIOSTEGALS 10-16; 
PYLORIC CAECA 140-254 (AVERAGE ABOUT 
205); ANAL RAYS 16-20 (COMPLETE 
COUNT); GILL RAKERS 19-26 (AVERAGE 
ABOUT 22), RAKERS WIDE APART AND 
WITHOUT TEETH; CAUDAL PEDUNCLE SLEN-
DER; PARR MARKS SHORT, ELLIPTICAL OR 
OVAL, EXTENDING LITTLE, IF ANY, BELOW 
LATERAL LINE; NO BLACK SPECKLING ON 
BACK OR FINS; BREEDING COLOR ANTERIOR 
TWO-THIRDS OF SIDES WITH BOLD JAGGED 
REDDISH LINE, POSTERIOR THIRD OF SIDES 
WITH JAGGED BLACK LINE; MOUTH LINING 
DARK; OBLIGATORY ANADROMOUS, LONG 
SEA MIGRATIONS, ABUNDANT FAR OFF- 
SHORE  ONCORHYNCHUS KETA,  CHUM 
SALMON. 

CC. LATERAL-LINE SCALES 130-165 (AVERAGE 
ABOUT 146); BRANCHIOSTEGALS 13-19; 
PYLORIC CAECA 85-244 (AVERAGE ABOUT 
158); ANAL RAYS 16-22 (COMPLETE 
COUNT); GILL RAKERS 20-28 (AVERAGE 
ABOUT 24), RAKERS WIDE APART WITH 
LARGE TEETH; CAUDAL PEDUNCLE STOUT; 
PARR MARKS LARGE VERTICAL BARS AL-
MOST BISECTED BY LATERAL LINE; SMALL 
BLACK SPECKLING ON BACK, DORSAL FIN, 
AND UPPER LOBE OF CAUDAL FIN, SOME-
TIMES EXTENDING ONTO ADIPOSE FIN AND 
LOWER LOBE OF CAUDAL AND FAINTLY ONTO 
ANAL FIN; BREEDING ADULTS WITHOUT RED 
ON SIDES; MOUTH LINING BLACK; OBLIGA-
TORY ANADROMOUS; LONG SEA MIGRA-
TIONS; NOT ABUNDANT FAR OFFSHORE- - ON-
CORHYNCHUS TS HA WYTS C HA,  KING 
SALMON. 

BB. PYLORIC CAECA 45-114; LATERAL-LINE 
SCALES 124-150; BRANCHIOSTEGALS 11-
16; ANAL RAYS 15-21 (COMPLETE COUNT); 
GILL RAKERS 19-39. 

D. PYLORIC CAECA 45-114 (AVERAGE ABOUT 
75); LATERAL-LINE SCALES 130-144 (AV-
ERAGE ABOUT 135); BRANCHIOSTEGALS 
11-15; ANAL RAYS 15-19 (COMPLETE 
COUNT); GILL RAKERS 19-25 (AVERAGE 
ABOUT 21), RAKERS WIDE APART WITH 
LARGE TEETH, NONE ON BACK OF SECOND 
AND FOURTH GILL ARCHES; CAUDAL PEDUN-
CLE STOUT; PARR MARKS LARGE VERTICAL 
BARS ALMOST BISECTED BY LATERAL LINE; 
ANAL FIN OF PARR FALCATE WITH FIRST RAY 
WHITISH; OTHER LOWER FINS OF PARR 
ORANGE-TINGED AND WHITE-TIPPED; IN 
ADULTS BLACK SPECKLING ON BACK, OFTEN 
EXTENDING ALONG UPPER EDGE OF CAUDAL 
FIN AND BASE OF DORSAL FIN; SIDES OF 
BREEDING ADULTS MAY BE SUFFUSED WITH 
LIGHT PINK, BUT NO DEFINITE MARKINGS; 
MOUTH LINING DARK; ADAPTIVELY ANAD-
ROMOUS; YONG  SEA MIGRATIONS; NOT 
ABUNDANT FAR OFFSHORE----ONCORHYN-
CHUS KISUTCH,  SILVER SALMON. 

ON LATERAL LINE, 126 TO 151. PYLORIC CAECA: 
140 TO 185. COLOUR: METALLIC BLUE ON DOR-
SAL SURFACE WITH OCCASIONAL BLACK SPECK-
LINGS; NO BLACK SPOTS; BLACK TINGE ON TIPS 
OF PECTORAL, ANAL AND CAUDAL FINS, ESPECI-
ALLY IN MALE; IN MATURING ADULTS IN FRESH 
WATER IRREGULAR REDDISH TO DUSKY STREAKS 
OR BARS ACROSS SIDES OF BODY, WHITE ON 
TIPS OF PELVIC AND ANAL FINS. FLESH PALE 
PINK. YOUNG WITH PARR MARKS AS SLENDER 
BARS, SCARCELY EXTENDING BELOW LATERAL 
LINE AND GREEN IRIDESCENCE ON BACK. 

"LENGTH TO 3 FEET 2 INCHES. 

"DISTINGUISHED BY THE ABSENCE OF LARGE 
BLACK SPOTS FROM THE BODY AND THE FINS, 
THE SLENDER CAUDAL PEDUNCLE, THE TIPS OF 
ALL FINS EXCEPT DORSAL TINGED WITH BLACK, 
THE SERIES OF DUSKY STREAKS OR BARS 
ACROSS THE SIDES OF THE BODY IN MATURE 
ADULTS IN FRESH WATER, THE 20 TO 26 SMOOTH 
WIDELY SPACED RAKERS ON THE FIRST GILL 
ARCH, AND THE LARGE NUMBER OF PYLORIC 
CAECA. THE YOUNG ARE READILY RECOGNIZED 
BY THE SLENDER PARR MARKS, SCARCELY EX-
TENDING BELOW THE LATERAL LINE, AND THE 
GREEN IRIDESCENCE ON THE BACK." 

THE FOLLOWING KEY TO THE SPECIES OF ONCOR-
HYNCHUS  IN NORTH AMERICA IS FROM ROUNSEFELL 
(1962). 

"A. LATERAL-LINE SCALES 160-198 (AVERAGE 
ABOUT 184); BRANCHIOSTEGALS 9-15; PY-
LORIC CAECA 95-224 (AVERAGE ABOUT 
136); ANAL RAYS 16-20 (COMPLETE 
COUNT); GILL RAKERS 24-34 (AVERAGE 
ABOUT 29.7) WITH MINUTE TEETH; LARGE 
BLACK SPOTS TENDING TO OVAL ON BACK 
AND ON ENTIRE CAUDAL FIN; YOUNG WITH-
OUT PARR MARKS; MOUTH LINING DARK; 
VERY PRONOUNCED HUMP ON BREEDING 
MALES; MATURE AT 2 YEARS OF AGE; 
OBLIGATORY ANADROMOUS; LONG SEA MI-
GRATIONS; ABUNDANT FAR OFFSHORE; USU- 
ALLY LESS THAN 2,000 OVA  ON- 
CORHYNCHUS  GORBUSCHA, PINK SALMON. 

AA. LATERAL-LINE SCALES 124-165; BRANCH-
IOSTEGALS 10-19; PYLORIC CAECA 45-
254; ANAL RAYS 15-22 (COMPLETE 
COUNT); GILL RAKERS 19-39; NO BLACK 
SPOTS ON LOWER LOBE OF CAUDAL FIN, 
MAY BE BLACK SPECKLING ON DORSAL 
EDGE OF UPPER LOBE; YOUNG WITH DIS-
TINCT PARR MARKS ; MATURE NORMALLY 
AT AGES 3-8, USUALLY MORE THAN 2,500 
OVA. 

B. PYLORIC CAECA 85-254; LATERAL-LINE 
SCALES 130-165; BRANCHIOSTEGALS 10-  
19; ANAL RAYS 16-22 (COMPLETE COUNT); 
GILL RAKERS 19-28. 
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DD. Pyloric caeca 45-114 (average about 
86); lateral-line scales 124-150 (av-
erage about 135); branchiostegals 
11-16; anal rays 15-21 (complete 
count); gill rakers 28-39  (average 
about 35), rakers close together with 
minute teeth and present on back of 
second and fourth gill arches; caudal 
peduncle slender; parr marks short, 
elliptical or oval, extending little, if 
any, below lateral line; black speck-
ling, when present, is faint, fins with-
out speckling, except faint speckling 
on margin of caudal in breeding fish; 
in breeding adults , body (except lower 
belly) and all fins except pectorals 
and caudal lobes a deep crimson to 
brick red, head a dull green on dorsal 
half, creamy white below; mouth 
lining dark; adaptively anadromous; 
long sea migrations; abundant far 
offshore- - - -Oncorhynchus ne rk A, 
sockeye salmon. 

Oncorhynchus  n. kennerlyi,  
kokanee." 

A sixth species, the masu salmon (O. masou)  
occurs on the Asian coast. Hikita (1962) sepa-
rates it from other species of Oncorhynchus 
by the fine black spots, stout caudal peduncle, 
fewer ventral fin rays (mostly 10), the shorter 
and less numerous  pyloric caeca (35-68, mean 
47.05), and the small number of gill rakers 
(16-22,  mostly 18-19).  

Bilton, Jenkinson, and Shepard (1964) have 
prepared a key to the five species of Oncorhyn- 

chus  in North America based on scale charac-
ters, and Foerster and Pritchard (1944) have 
developed a key for the identification of 
juvenile Pacific salmon in fresh water. 

1.22 Taxonomic status 

This is a morpho - species , and it is polytypic. 

1.23 Subspecies 

Berg (1934) s eparated the Asian chum salmon 
into seasonal races, summer and autumn. He 
assigned the autumn chums to a special race, 
the infraspecies autumnalis.  The separation of 
chum salmon into seasonal races is supported 
by other investigators ( Lovetskaya, 1948; 
Grigo, 1953; Birman, 1956; Hirano, 1958; Sano, 
1966). Berg's infraspecies name (autumnalis)  
has not been widely used, however, in the 
literature. 

Berg's justifications for separating autumn 
chum salmon from summer chum salmon and 
placing them in a separate race were: (1) later 
entrance into spawning streams, (2) less-
developed sexual products at time of entry into 
the spawning streams, (3) later spawning

•  period, (4) larger  size, and (5) greater 
fecundity. Sano (1966), in a review of the life 
history of chum salmon in Asia, presented a 
recent summary of characters used to dis-
tinguish summer and autumn chum salmon 
(table 1). Scientists have not separated popula-
tions of chum salmon into seasonal  races in 
North America, although differences in time 

Table 1.--Distinguishing characteristics of seasonal races of chum  salmon in Asia (Sano, 1966) 

Character SUMMER CHUM SALMON 
 

AUTUMN CHUM SALMON 

GEOGRAPHIC DISTRIBUTION OF  MORE NORTHERN POPULATIONS 
SPAWNING AREAS: ASIAN  INCLUDING KAMCHATKA, THE 
COAST.  NORTHERN COAST OF THE 

OKHOTSK SEA, AND THE AMUR 
RIVER AREA. 

MORE  SOUTHERN POPULATIONS INCLUDING 
THE AMUR RIVER, SAKHALIN, AND 
NORTHERN JAPAN. 

AMUR RIVER 

TIME OF SPAWNING MIGRATION 

TIME OF SPAWNING 

AVERAGE WEIGHT 

FECUNDITY 

AGE AT MATURITY 

LOWER RIVER TRIBUTARIES--
WITHIN 100 KM,  FROM SEA. 

MAINLY JULY AND AUGUST 

AUGUST AND SEPTEMBER 

2.5 KG. OR LESS 

SMALL PROPORTION OF 3-YEAR-
OLDS. 

UPPER RIVER TRIBUTARIES-- 1, 000-2, 000 
KM. FROM SEA. 

SEPTEMBER, OCTOBER, AND NOVEMBER. 

SEPTEMBER TO END OF NOVEMBER. 

3.5 KG. OR MORE. 

AVERAGES 500-1,000 EGGS MORE THAN 
SUMMER  CHUM SALMON. 

LARGE PROPORTION OF 3-YEAR-OLDS. 
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OF SPAWNING INDICATE THAT THEY EXIST (SHEPARD, 
HARTT, AND YONEMORI, 1967). 

SANO (1966) AND NEAVE (1966) COMMENTED ON 
EVIDENCE OF A WELL-DEVELOPED HOMING INSTINCT 
IN CHUM SALMON THAT WOULD LEAD TO REPRODUCTIVE 
ISOLATION AND DEVELOPMENT OF INDEPENDENT POPU-
LATIONS. FECUNDITY, EGG SIZE, NUMBER OF LATERAL 
LINE SCALES AND VERTEBRAE, AND MORPHOMETRIC 
CHARACTERS HAVE INDICATED DIFFERENCES IN SOME 
POPULATIONS (WATANABE, 1955; BIRMAN, 1956; 
ROUNSEFELL, 1957; AND SANO, 1966). 

1.24 STANDARD COMMON NAMES, VER-
NACULAR NAMES 

COMMON AND VERNACULAR NAMES OF CHUM 
SALMON ARE GIVEN IN TABLE 2. 

1.3 MORPHOLOGY  

1.31 EXTERNAL MORPHOLOGY 

KATAYAMA (1935) COMPARED MORPHOMETRIC 
CHARACTERS OF MALE AND FEMALE CHUM SALMON 
FROM THE NORTHERN KURILE ISLANDS (TABLE 3). THE 

TABLE 2.--STANDARD COMMON AND VERNACULAR NAMES OF CHUM SALMON (BERG, 1948; AMERICAN FISHERIES 
SOCIETY, 1960; HIKITA, 1962) 

 

COUNTRY STANDARD COMMON MAC  VERNACULAR NAMES 

    

UNITED STATES 

CANADA 

U.S.S.R. 

JAPAN 

KOREA"  

CHUM SALMON 
 

DOG SALMON, CALICO SALMON. 

DO.  DO. 

KETA 
 

LETNYAYA KETA (SUMMER CHUM), 
OSENNYAYA KETA ( AUTUMN CHUM), 
SIL'CHA (AMUR), 
HAIKO (KAMCHATKA). 

SAKE  AKIAJI, AKI -SAKE, AKI-ZAKE, AKI-AJI 
TOKISHIRAZU, BUNS,  BUNAKE, 
PINKO, MEZIKA, OHSUKE, BUNA-ZAKE, BUCHI-ZAKE 
HANAMAGARI (HOKKAIDO); 
SHIRO-SAKE,  SHIRO  (NORTH PACIFIC OCEAN, KURILE ISLANDS 

AND KAMCHATKA); 
SHYAKE  (KANTO DISTRICTS); 
OHME, OHMANAKO, INURMASU  (MIYAGI  PREFECTURE);  
INURAASU  (LSHIKARI  PROVINCE); 
HANAMAGARI (IWATE PREFECTURE). 

YONRO  NYON-O,  YON-O-SARI (YOUNG). 

1  PERSONAL COMMUNICATION, JONG RAK CHUNG, STUDENT, UNIVERSITY OF WASHINGTON, SEATTLE, WASH. 

TABLE 3.--BODY MEASUREMENTS OF MALE AND FEMALE CHUM SALMON AND CORRELATION COEFFICIENT OF BODY 
PROPORTIONS (KATAYAMA,  1935) 

CHARACTER 

FEMALE 

(116 FISH) 

MALE 

(151 FISH) 

MEAN 
STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

MEAN 
STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

MM.  MM.  LVFM.  MM.  

BODY LENGTH 624.6  29.4 4.7 641.0  30.5 4.8 
BODY DEPTH  138.8  12.1  8.7  149.4  10.1  6.7 
HEAD LENGTH  117.5  7.7  6.6  130.7  9.3  7.1 
SNOUT LENGTH  28.6  3.6  12.8  38.2  5.3  14.0 
CAUDAL PEDUNCLE DEPTH  40.4  2.4  6.0  42.0  2.8  6.6 

CORRELATION COEFFICIENT 

BODY LENGTH TO BODY DEPTH  0.7  0.8 
BODY LENGTH TO HEAD LENGTH  0.6  0.8 
HEAD LENGTH TO SNOUT LENGTH  0.7  0.8 
HEAD LENGTH TO DEPTH OF 

CAUDAL PEDUNCLE.  0.5  0.7 
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Character 

In percentage of median length of body: 
Maximum  height of body 

In percentage of distance from posterior border of 
operculum to the end of scale covering: 

Posterior edge of operculum to insertion of dorsal fin 
Posterior edge of dorsal fin to end of scale covering 
Posterior edge of operculum to anterior edge of anus 
Posterior edge of operculum to anterior edge of ven- 

tral fin 
Distance from pectoral to ventral fins 

In percentage of head length: 

Height of head in mid-eye region 
Length of pectoral fin 
Length of ventral fin 
Height of anal fin 
Distance from end of dorsal fin to anal fin 

Fish Place of capture 

Greatest depth of body (as 
percentage of length of trunk) 

Range Mean ± m  

Table 4.--Mbrphometric  characters which show differences in summer and autumn chum salmon  
(Grigo, 1953) 

Summer Autumn Pooled 
variance 

25.3 0.2 23.4 0.14 9.5 

63.9 0.2 62.0 0.2 6.8 
52.6 -  0.2 53.9 0.2 5.6 
93.2 ± 0.2 91.1 0.2 7.0 
72.0  t  0.2  70.2 0.2 6.0 

45.1 t  0.2 42.9 0.1 9.2 

56.2 I  0.3 51.0 I  0.4 10.4  
61.7 t  0.4 66.7 t  0.5 8.5 
47.4 t  0.4 50.3 t  0.3 5.7 
43.6 I  0.3 47.9 t  0.3 9.5 
50.5 I  0.5 43.4 t  0.5 9.6 

male was larger in all characters measured. 
Several of the characters were correlated with 
each other, and correlation coefficients were 
highest for related characters in the males. 

Grigo (1953) used several morphometric 
characters to support further the separation 
of chum salmon into summer and autumn 
races (table 4). Additional morphometric data 
presented by Birman (1956) indicated thatbody 
depth could not be used universally to separate 
summer chum salmon from autumn chum 
salmon (table 5). 

Birman (1956) used morphometric charac-
ters in an attempt to demonstrate differences 
in populations from tributaries of the Amur 
River. Two characters (table 6) indicated that 

Table 5. --Relative depth of body of summer and autumn 
chum salmon (Birman, 1956) 

Number Percent Percent 

Autumn chum salmon 
Bira River 30 27.1 - 33.8 30.2 I  0.3 
Ussuri  River 24 27.9 - 33.9  30.2 I  0.3 
Augun  River 30 30.7 - 36.8 33.7 t  0.3 
Amur estuary 60 27.2 - 34.3 31.6 t  0.2 

Summer chum salmon 
Amur estuary 60 31.1 - 37.0 33.7 0.2 

chum salmon from the Amgun River could be 
distinguished from chum salmon from the 
Ussuri and Bira Rivers. Svetovidova (1961) 
made a similar study of summer chum salmon 
from Amur River tributaries (table 7) and 
concluded that characters were not uniformly 
different between streams but that some char-
acters were distinct for summer chum salmon 
from certain rivers. The Beshenaia River fish 
differed in length, in least depth of the body, 
and in length of the base of the dorsal fin; fish 
from the Ul  and Dzhappi Rivers were much 
alike but had smaller eye diameters than fish 
in other tributaries. Summer chum salmon 
from the My River appeared to occupy an in-
termediate position; some morphological char-
acters were close to those of the Beshenaia  
River fish, and others were close to those of 
the Ul  and Dzhappi River fish. The My River 
fish were also characterized by a greater 
fecundity. 

Meristic characters of chum salmon, both 
external and internal, are presented intable 8. 

1.32 Cytomorphology 

Chum salmon have a diploid chromosome 
number of 74 (Simon, 1963), made up of 28 
metacentric (v-shaped) and 46 acrocentric 
(rod-shaped) chromosomes. Each metacentric 
chromosome has two arms and each acrocen-
tric chromosome, one arm, for a total of 102 
arms. 
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TABLE 6. - -MBRPHOMETRIC  CHARACTERS THAT INDICATE DIFFERENCES IN POPULATIONS OF CHUM SALMON FROM 
TRIBUTARIES OF THE AMUR RIVER ( BIRMAN, 1956) 

CHARACTER 

AVERAGES BY TRIBUTARY POOLED VARIANCE 

AMGUN USSURI BIRA 
AMGUN- 
USSURI 

AMGUN- 
BIRA 

USSURI 
-BIRA 

AS PERCENTAGE OF LENGTH 
OF TRUNK. 

DEPTH OF HEAD THROUGH  22.6 T  0.2  20.7 T  0.2 
OCCIPUT. 

GREATEST DEPTH OF BODY.  33.7 T  0.3  30.2 -  0.3 

PERCENT   

 

6.8  6.8  0 

 

8.4  8.5  0 

20.7 T  0.2 

30.2 -  0.3 

Table 7.--Comparison of meristic  and morphological characters of sunner chum salmon from five tributaries of the Amur  
River (Svetovidova, 1961) 

Item 

River and sex 

Beshenaia  ANGLIN  Dzhappi UL  MY  

Female Male Female Male Female Male Female Male Female Male 

Sample size 26 31 16 15 20 30 30 32 24 

Character: 
Mean: 

Fork length (cm.) 55.5 57.5 57.6 61.5 60.6 62.7 60.8 62.3 57.3 61.7 
Weight(kg.) 2.2 2.4 2.6 2.9 2.3 2.8 2.4 2.8 2.4 2.7 
Fecundity 2,266 2,190 -- 2,383 -- 2,381 -- 2,523 -- 
Vertebrae 65.3 64.8 65.5 66.6 66.4 66.6 66.4 66.1 66.2 
Gill Rakers 22.8 23.1 22.1 22.9 22.4 21.8 22.1 22.0 22.2 

In percentage of fork 
length: 
Trunk length 75.1 72.9 74.2 73.4 70.8 73.0 71.8 73.3 70.5 
Head length 21.6 23.5 21.4 22.4 25.4 22.2 24.2 22.4 22.3 
Diameter  of eye 2.8 2.9 3.0 2.6 2.6 2.5 2.5 3.0 2.8 
Greatest depth of body 22.8 23.7 23.4 22.0 22.5 22.8 22.8 22.9 23.5 
Least depth of body 6.7 7.0 6.4 6.3 6.6 6.2 6.3 6.4 6.5 
Length of anal fin 11.5 11.5 10.9 10.7 10.6 10.4 10.4 11.2 11.1 
Length of dorsal fin 11.0 11.0 10.3 9.9 10.0  9.6 10.0 9.7 10.2 
Length of digestive tract 84.0 80.8 73.6 83.6 84.3 87.2 85.3 95.0 97.2 

1.33 PROTEIN SPECIFICITY 

THE MOLECULAR STRUCTURES OF BLOOD AND MUS-
CLE  PROTEINS HAVE BEEN DEMONSTRATED TO BE 
SPECIES SPECIFIC IN ONCORHYNCHUS  (TSUYUKI, 
ROBERTS, AND VANSTONE, 1965; TSUYUKI, ROBERTS, 

VANSTONE, AND MA RK E RT, 1965; YAMANAKA, 

YAMAGUCHI, HASHIMOTO, AND MATSUURA, 1967). 
ELECTROPHORETIC ANALYSIS OF THE MUS CLE PROTEIN, 
MYOGEN, RESULTS IN PATTERNS THAT ARE EXTREMELY 
STABLE WITHIN A SPECIES AND PERMIT A RELIABLE 
IDENTIFICATION OF A SINGLE SPECIMEN. SOME 
CHANGES TAKE PLACE IN BLOOD PROTEIN DURING THE 
LIFE HISTORY OF ONCORHYNCHUS  (VANS TONE, 
ROBERTS, AND TSUYUKI, 1964), WHEREAS MUSCLE 
MYOGENS ARE PRACTICALLY UNAFFECTED BY NON-
GENETIC FACTORS. MUSCLE MYOGENS ARE, THERE-
FORE, MORE USEFUL THAN BLOOD PROTEINS FOR 
ESTABLISHING PHYLOGENETIC RELATIONSHIPS. 

THE ASIATIC 0. MASOU  IS GENERALLY BELIEVED 
TO BE THE FIRST SPECIES TO EVOLVE FROM THE GENUS 
SALMO  (NEAVE, 1958). THIS HYPOTHESIS IS SUP-
PORTED BY THE RELATIVE POSITIONS OF MYOGEN 
PATTERNS ( TSUYUKI AND ROBERTS, 1966). ON THE 
BASIS OF SIMILARITIES IN THESE PATTERNS, THE 
SEQUENCE  OF DERIVATION OF THE REMAINING SPECIES 
OF ONCORHYNCHUS  FROM THE GENUS SALMO  IS  AS 

FOLLOWS: 0. KISUTCH,  0. TSHAWYTSCHA,  O. KETA, 
0. NERKA,  AND 0. GORBUSCHA  (TSUYUKI AND 
ROBERTS, 1966). THE POSITIONS OF 0. NERKA  AND 
0. GO RBUS CHA  ARE STILL IN DOUBT, BAS ED ON MYOGEN 
PATTERNS, AND THEIR ORDER MAY BE REVERSED TO 
CONFORM WITH THE ORDER GIVEN BY HIKITA (1962). 
IN CONTRAST TO THESE FINDINGS , SIMON (1963), FROM 
EVIDENCE ON THE NUMBER OF CHROMOSOMES, CON-
SIDERED CHUM SALMON TO BE THE MOST PRIMITIVE 
SPECIES. 
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Table 8.--Meristic characters of chum salmon as given by Hikita, by Rounsefell, and by Dark and Landrum 

Character  

Mean Range4  Sample size 

Hikital  
(1962) 

Rounsefell2  
(1962) 

Dark and 
LandruRP  
(MS.)  

Hikita 
(1962) 

Rounsefell 
(1962) 

Dark and 
Landrum 
(MS.)  

Hikita 
(1962) 

Rounsefell 
(1962) 

Dark and 
Landrum 
(MS.)  

Number 

Fin rays: 
Dorsal 14.0 14.6 14.7 11- 16 13- 16 14.0- 15.2 163 137 9,237 
Pectoral 15.5 --  15.6 14- 17 15.0- 16,1  198 9,222 
Anal 17.1 17.3 18.1 14- 18 16- 20 17.1- 18.7 160 137 9,208 
Ventral 11.1 -- 10-13 -- 108 -- 

Branchiostegals 13.4 13.8 14.5 11- 16 12- 16 13.6- 15.0 249 135 9,137 

Vertebrae 67.6 68.9 67.0 64- 70 62- 71 65.8- 68.0 33 63 8,978 

Pyloric caeca 160.6 205.0 121-215 175-249 20 

Gill rakers on first 
gill arch. 

22.9 22.7 22.9 19- 27 19- 26 22.1- 23.9 243 188 9,213 

Lateral line scales 135.1 136.0 132.0 126-146  124-153 126.4-137.4 287 155 9,096 

1  Hikitais  specimens were from Japan, the U.S.S.R., Canada, the Pacific Ocean, and the Bering Sea. 
2  Rounsefellis  data were compiled by other investigators from specimens collected in British Columbia and Washington. 
3  Dark, Thomas A., and Betty J.  Landrum (MS.).  Meristic variation in three species of Pacific salmon (Oncorhynchus  

nerka, O.  keta,  and O.  gorbuscha).  Bur. Commer.  Fish., Biol. Lab., Seattle, Wash. These samples were from Hokkaido and 
Kamchatka  in Asia and the North American coast (from Kotzebue Sound on the Arctic coast of Alaska, south to Northern 
Oregon, including the Alaska Peninsula, Kodiak Island, and Puget Sound). All were inshore samples except some  from off 
Hokkaido. 
4  Figures shown from  Dark and Landrum (MS.)  are ranges in sample means. 

2  DISTRIBUTION 

2.1 Total areas  

Chum salmon have the widest distribution of 
any of the Pacific salmon (fig. 2; table 9). 
Streams inhabited along the North American 
coast during reproductive and early life history 
stages extend from the Sacramento River in 
California (long. 122°30' W., lat. 37°50' N.) 
northward more or less continuously (including 
the Aleutian Islands) to the Arctic shore of 
Alaska (Walters, 1955; Atkinson, Rose, and 
Duncan, 1967; Aro and Shepard, 1967; Hallock 
and Fry, 1967). Some are found as far east as  
the Mackenzie River (long. 135°  W., lat. 69°  
N.) on the Arctic coast of Canada. In Asia, the 
southern limits of  spawning are in the Tone 
River (long. 141°  E., lat. 36

0 

 N.) of Chiba 
Prefecture on the Pacific side of Honshu, in 
Nagasaki Prefecture (long. 130

0 

 E., lat. 33°  
N.) of Kyushu in the Sea of Japan, and in the  
Nakdong River system (long. 129°  E., lat. 35°  
N.) of the Republic of Korea (Walters, 1955; 
Atkinson, Chun, Jeffries, Kim, Kim, Kim, 
Pressey, 19671).  Spawning streams extend 
northward to the Lena River (long. 125°  E., 
lat. 73

0 
 N.) on the Arctic coast of the U.S.S.R. 

1  Atkinson, Clinton E., Seung Kwan Chun, Ernest R. Jef-
fries, Jong Du Kim, Ki Young Kim, Kyun Hyun Kim, and 
Richard T. Pressey. 1967. A survey of the salmon and 
trout resources of the Republic of Korea. U.S. Dep. State, 
Ag. Int.  Develop., and Repub. Korea, Off. Fish., Seoul, 
Korea, 103 pp. (Processed.). 

Table 9.--Geographic distribution of chum 
salmon  by FAO  letter code 

(Rosa, 1965, Appendix I) 

Abundant Rare 

Marine areas INE, INW PNE, PNW, ANE 

Land areas 211,212,221 208,232,444 
222,223,231 

451,710 

Most chum salmon spawn within the lower 
reaches of streams and sometimes within the 
tidal zone. In most Asian streams, spawning 
areas are less than 200 km. from the sea 
(usually less than 100 km.) (Sano, 1966). Chum 
salmon, however, are known to spawn over 
2,500 km. from the sea in the Amur River of 
the U.S.S.R. and in the Yukon River of Alaska 
and Canada, 

After leaving fresh water, immature and ma-
turing chum salmon live in the North Pacific 
Ocean and Bering Sea. By their second summer 
at sea, they are distributed throughout sub-
arctic waters from the Asian to North Ameri-
can coasts. Present information places their 
southern limit at about lat. 40°  N.  in the western 
Pacific Ocean and at about lat.  44

9  N. in the 
eastern Pacific Ocean (fig. 2; Shepard et al, 
1967). The southern limit shifts northward with 
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Figure 2.--KNOWN coastal and ocean distribution of chum salmon. 

warming surface waters during summer; the 
northern limit of their distribution is in the 
Arctic Ocean. Spawning streams extend beyond 
these latitudes; it is assumed that coastal 
routes are used by maturing fish to reach 
these streams and by young fish to reach ocean 
feeding areas. 

Industrial development has brought some 
changes in the fresh-water range of chum 
salmon. Sano (1967) mentioned pollution and 
reduction of waterflow as a serious problem 
in Hokkaido. In both Asian and North American 
spawning streams obstructions such as dams, 
logjams, and weirs for trapping fish at hatch-
eries have reduced spawning areas to some 
degree. In recent years, stream improvement 
projects such as removal of logjams, laddering 
or removal of manmade and natural obstruc-
tions, and stream channelization have helped 
to reclaim and even extend some spawning 
areas. 

2.2 Differential distribution 

Chum salmon inhabit widely different envi-
ronments during various stages of their life 
history. As sexually mature adults they repro-
duce in the intertidal zone or more commonly 
above the influence of salt water in fresh-
water streams. The eggs and larvae develop 
in streambed gravel, and upon reaching the  

fry stage, the young emerge from the gravel 
and spend a few days to several weeks in the 
stream before they descend to the sea. Most of 
their life is spent at sea where they grow and 
develop to adults. 

2.21 Spawn, larvae, and adolescents 

Adults deposit eggs in fresh water as early 
as June or July in some northern streams 
(Atkinson et al., 1967). In areas more to the 
south, adults reach the spawning grounds from 
September to January. Eggs are deposited in 
streambed gravel usually at depths of 15 to 30 
cm.; the eggs and larvae (alevins) develop in 
this environment until the fry stage. 

Emergence from the gravel is in March, 
April, and May (Sano, 1966; Neave, 1966). After 
leaving the gravel, chum salmon fry may im-
mediately migrate downstream and enter the 
sea, or they may remain in fresh water for 
several weeks. They are found in streams from 
April to July, but most of the fry leave fresh 
water in April and May (Sano, 1966). 

Juvenile chum salmon migrate extensively 
at sea and become widely distributed. The fry 
are found in coastal waters adjacent to their 
natal streams from April to midsummer. By 
the end of July or mid-August, nearly all the 
juveniles have left these waters (Sano, 1966; 
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Neave, 1966). In August and September young 
chum salmon have been found migrating pre-
dominantly northward within 32 km. of shore 
along the coasts of Washington, British Colum-
bia, and southeastern Alaska (Hartt, Smith, 
Dell, and Kilambi, 1967). The migration routes 
of chum salmon from these as well as Asian 
coastal waters to offshore waters are unknown. 
In their first year at sea, chum salmon become 
widely distributed, and stocks from the Asian 
and North American continents are intermixed 
in the North Pacific Ocean and Bering Sea 
(Kondo, Hirano, Nakayama, and Miyake, 1965; 
Hartt, 1966; Shepard et al., 1967). Tagging and 
racial studies have shown that chum salmon 
from Asia and North America intermingle ex-
tensively on the high seas from at least long. 
1400  W. to long. 179° E. in the North Pacific 
Ocean and from about long. 169° W. to at least 
long. 1770  E. in the Bering Sea (Shepard et al., 
1967). Asian chum salmon dominate west of 
long. 175° W., whereas North American fish 
dominate east of long. 1700  W.  

2.22 Adults 

In the last few months of life, chum salmon 
migrate from distant offshore waters to their 
natal stream, and thence upstream to spawning 
areas. In May and June maturing chum salmon 
are distributed throughout the North Pacific 
Ocean and Berin_g  Sea from lat. 40°  N. to the 
Bering Strait (Shepard et al., 1967). Theyleave 
high seas feeding grounds and enter coastal 
waters from June to November. Little time is 
spent in coastal waters before they migrate 
upstream to spawn (Chatwin, 1953; Semko, 
1954). The earlier summer-run fish migrate 
into spawning streams from Julyto late August 
or early September. Spawning takes place in 
August and September. The autumn chum 
salmon enter and spawn in streams from 
October to January. 

The summer runs spawn in the northern part 
of the chum salmon's range, and the autumn 
runs in the southern part. In Asia, the summer 
run spawns in streams bordering the northern 
coast of the Sea of Ohkotsk, Kamchatka, and 
the U.S.S.R. Bering Sea and Arctic coasts 
(Sano, 1966). The Amur River and the streams 
of Sakhalin have summer and autumn runs, 
whereas Japanese streams have only autumn 
spawners. The best available information in-
dicates that only summer runs enter North 
American streams along the northern Bering 
Sea and Arctic coast. In southeastern Alaska 
and northern British Columbia, most chum 
salmon spawn in the summer and early fall, 
but a few later runs occur as well. North Amer-
ican streams from Vancouver Island southward 
have only autumn spawners (Shepard et al., 
1967).  

2.3 Determinants of distribution 

It has been hypothesized and generally ac-
cepted that Oncorhynchus  originated in fresh 
water from the Genus Salmo  (Tchernavin, 
1939; Berg, 1940; Semko, 1954; Hoar, 1958; 
Mamaev, Parukhin, Baeva, and Oshmarin, 
1959; Margolis, 1965). Neave (1958) estimated 
that the initial separation from Salmo  oc-
curred not later than the early Pleistocene 
period, between half a million and 1 million 
years ago. Some of the species that evolved 
later (such as chum and pink salmon) would 
have a total evolutionary history of half this 
time or less. Berg (1940) suggested that the 
adaptation of Oncorhynchus  to salt water 
evolved from the abundant food supply in the 
ocean, but Hoar (1958) attributed the adaptation 
to changes in behavior. 

To reproduce successfully, chum salmon 
must find loos e streambed gravel in which they 
can excavate a depression and deposit and 
cover their eggs. Water must seep through 
the gravel during the incubation period to supply 
oxygen and remove waste products from the 
eggs. Chum salmon have been known to spawn 
over a wide range (4°- 16°  C.)  of water temper-
atures (Neave, 1966). Bailey (1964)2  found 
survival of chum salmon eggs in Olsen Creek, 
Alaska, to be limited to the 1.8 m. tide level 
and above; the 1.8-m.  tide level was exposed 
to tidewater 55 percent of the time. 

Lethal water temperatures for chum salmon  
fry in fresh water are 23.8

0 

 C. and -0.1°  C. 
(Brett, 1952; Brett and Alderdice, 1958); the 
fry have shown the  greatest preference for 
temperatures of 12°  to 14°  C. 

Migration to salt water is obligatory for the 
fry within the first summer after hatching 
(Baggerman, 1960; Houston, 1961). The fry 
apparently become increasingly preadapted to 
the osmoregulatory necessities of marine life 
while still in fresh water, and many die when 
held in fresh water for 7 to 8 months after 
hatching. The deaths are apparently due to the 
loss of ability to regulate the levels of water 
and electrolyte. 

In the ocean, chum salmon are limited to the 
Subarctic Region of the North Pacific Ocean 
and Bering Sea. This region is defined by a 
permanent halocline maintained by an excess 
of precipitation over evaporation with a brack-
ish upper zone and a saline lower zone Its 
southern boundary varies from lat. 40

6  
N. 

2  Bailey, Jack E. 1964. Intertidal spawning of pink and 
chum salmon at Olsen Bay, Prince William Sound, Alaska. 
U.S.  Bur. Commer. Fish., Biol. Lab. Auke Bay, Alaska, 
Ms. Rep. 64-6, 23 pp. (Processed.) 
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to 42° N. (Dodirrxead,  Favorite, and Hirano, 
1963). Within the Subarctic Region, churn 
salmon are mainly concentrated where our-
face  water temperature exceeds 20  or 3

0 
 C.  

(Birman, 1958; Konda, 1959; Manzer, Ishida, 
Peterson, and Hanavan, 1965). Theyare rarely 
found where surface temperature falls below 
10  C. Kasahara (1961) hypothesized  that churn 
salmon leave the northern waters of the sea of 
Okhotsk and Bering Sea in the winter because 
of probable low surface temperature. As the 
North Pacific Ocean warms in the summer, the 
southern boundary of distribution shifts north-
ward (Manzer, 1958; Birman, 1959; Konda, 
1959; Shepard et al., 1967). Catch data suggest 
that the southern limit roughly parallels the 
120  to 13

0  C. surface temperature isotherms. 
The probable preferred range is 20  or 3

0 
 to 

11°  C.  (Manzer et al., 1965). 

2,4  Hybridization  

2.41 Hybrids:  frequency of hybrid-
ization; species with which hy-
bridization occurs; methods of 
hybridization. 

Chum salmon have been experimentally 
cross bred with other species (table 10), Cy-
tological observations on reciprocal cross 
breeding of chum and pink salmon have shown 
the insemination process to be monospermic 
and the early cleavage stages and chromosome 
behavior to be normal (Kobayashi, 1964). Smir-
nov (1954) described the external appearance 
of hybrids from a cross of female chum salmon 
and male pink salmon. Some of the hybrids 
acquire the coloration of the normal chum 
salmon fry, whereas about 37 percent developed 

Table 10.--Results of experimental cross breeding of chum salmon with other species of salmonids in Canada, 
U.S.S.R., and Japan 

Authority 

CROSS Foerster (1935) 
British  Columbia, 

Canada 

Smirnov (1954) 
Sakhalin,  U.S.S.R. 

Hikita and 
Yokohira (1964) 
Hokkaido, Japan 

Terao, Uchiyama,  Eurahashi,  
and Matsumoto (1963) 

Hokkaido,  Japan 

Male chum salmon and female Excellent  hatch of High percentage of 81.8- to 91.5- 
pink salmon. healthy fry. fertilization percent survival 

and viable fry. over 3 years. 

Female chum salmon and 166 healthy fry High percentage of 93.3- to 94.5- 
male pink salmon. from 1,196 eggs. fertilization percent survival 

and viable fry. over 3 years. 

Male chum salmon and female 
sockeye salmon. 

Good hatch of 
healthy fry. 

Female chum salmon and male 
sockeye salmon. 

Good hatch of 
healthy fry. 

Yale  chum salmon and female 
kokanee (0.  nerka var. 

17- and 90-percent survival 
over 2 years. 

adonis). 

Female chum salmon and male 
kokanee. 

80- and 90-percent survival 
over 2 years. 

Male  chum salmon and female 
chinook salmon. 

Iltgs all died 
during early 
development. 

Female chum salmon and male 
chinook salmon. 

Moderate hatch of 
healthy fry. 

Male chum salmon and female 
coho salmon. 

No fertile eggs 
recovered. 

Female chum salmon and male 
coho salmon. 

Very poor - only 
5 fry from 965 
eggs. 

Female chum salmon and male No viable fry. 
Siberian char (Salmo 
leucomaenis).  

Male chum salmon and female 
Siberian char. 

Less than 30-per-
cent  fry. 
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the coloration of the normal pink salmon fry. 
From the same cross, Hikita and Yokohira 
(1964) found that about half the hybrids were 
greenish blue to dark green, and thus different 
from normal pink and chum salmon fry; the 
other half were light to darkish brown, and 
thus similar to the normal fry. Hybrids from 
the reciprocal cross (male chum salmon and 
female pink salmon) had coloration similar 
to normal fry. In hybrids from female chum 
salmon and male pink salmon, parr marks 
were variable; some had no parr marks 
(as in pink salmon), whereas in others, they 
were distinct (as in chum salmon). In hybrids 
from the male chum salmon and female pink 
salmon, all of the fry had parr marks similar 
to chum salmon. 

Foerster (1935) and Terao Uchiyama, Kur-
ahashi, and Matsumoto (1965) reared hybrids 
to sexual maturity and backcrossed them with 
normal species and with other hybrids (table 
11). 

Kamyshnaya (1961) described artificially 
produced hybrids (from female chum salmon 
and male pink salmon) that had gone to sea and 
returned  to their natal stream, the Takoi 
River in Sakhalin. Female hybrids were larger 
than males and resembled chum salmon in 
weight and fecundity. Males attained maturity 
at age 0.13  and females at age 0.2. In all female 
hybrids the size of eggs varied. The author 
presented meristic and morphometric data for 
fry and adult hybrids. 

Mature hybrids (from female pink salmon and 
male chum salmon) have also returned to the 
Hood Canal hatchery in Washington (Washington 
State Department of Fisheries, 1964). Survival 
to the adult stage was 2.1 percent of the number 
of fingerlings liberated and exceeded the 
survival of the pink salmon stock returning to 
the same hatchery. The hybrids returned at 
age 0.1 (2,390 males and 565 females) and age 
0.2 (37 males and 295 females). The age 0.1 
adults had more of the normal pink salmon 
characteristics than did the age 0.2 hybrids. 
Size of eggs ranged from normal for chum 
salmon to the normal for pink salmon. When 
the hybrids were backcrossed, the spawn had 
poor viability (egg-to-fry  survival of about 8 
percent) and could not be used to perpetuate 
the run. 

2.42 Influence of natural hybridiza-
tion in ecology and morphology 

Hybrids of chum and pink salmon occur in 
nature (Kusnetzov, 1928; Hunter, 1949) but are 
extremely rare (Neave, 1958). 

3  See section 3.12 for method of reporting ages.  

3  BIONOMICS AND LIFE HISTORY 

3.1 Reproduction  

3.11 Sexuality 

Chum salmon are heterosexual. The mature 
male is distinguished from the mature female 
by a hooked snout and more fanglike teeth. 
Hermaphrodites are found occasionally (Hikita, 
1958a; Uzmann and Hesselholt,  1958; Naka-
tsukasa, 1965). 

3.12 Maturity 

Three systems have been used to record the 
ages of Pacific salmon: Gilbert and Rich, 1927; 
Chugunova, 1959; and Koo, 1962. The Gilbert 
and Rich method records age from time of egg 
deposition; the other methods record age from 
time of hatching. An additional year or winter 
is therefore incorporated into ages under the 
Gilbert and Rich system, which has been widely 
used for Pacific salmon in North America and 
Japan. In this synopsis, I use the Koo system 
because of the advantages listed byKoo (1962). 
This method uses two digits separated by a 
period; for example, age 1.2 indicates that a 
fish spent one winter in fresh water, two winters 
in the ocean, and was in its fourth year of life. 
Chum salmon never spend a winter in fresh 
water, so the first digit is always 0. A chum 
salmon with three annuli (fig. 3) is in its fourth 
year of life, and its age is reported as 0.3. In 
reporting the ages of mature salmon, Russian 
scientists have added a + to indicate that fish 
have undergone a summer's  growth after the 
last annulus was laid down. The+ has been de-
leted from Soviet age data reported here. 

Mature chum salmon range from age 0.1 to 
age 0.6 (see section 4.12). Age 0.3 fish are 
usually dominant, but in certain years and 
areas 0.2 fish are more abundant. Adult fish 
of age 0.2 and age 0.4 make up a significant 
part of the runs; age 0.1 and age 0.5 chum 
salmon are reported in only small numbers, 
and age 0.6 fish are rare. In Asia and North 
America, the more southern populations of 
maturing fish have larger percentages of 
younger fish; populations in more northern 
areas have larger percentages of older fish 
(Gilbert, 1922; Marr, 1943; Pritchard, 1943; 
Kobayashi, 1961; Oakley, 1966; Sano, 1966). 

Sex ratios of chum salmon at maturity vary 
with age. Sano (1966) concluded that almost 
all maturing chum salmon of age 0.1 were males 
and that males outnumbered females at age 
0.2. The sex ratio was nearly equal at age 0.3, 
but females tended to outnumber males in ages 
0.4 and 0.5. 
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Table 11.--Results of backcrossing hybrids with normal species and with other hybrids 

Female Male Progeny survival Authority 

Species:  

Sockeye salmon 

Do. 

Do. 

Hybrid from: 

Hybrid from: 

Male chum salmon and 
female sockeye salmon. 

Male sockeye salmon and 
female chum salmon. 

Male chum salmon and 
female pink salmon. 

Excellent hatch of fry 

do. 

do. 

Foerster (1935). 

Do. 

Do. 

Male chinook  salmon Male chinook salmon and No fertilization Do. 
and feLE:,_e  chum salmon. female sockeye salmon. 

Male cY  m almon  .nd 
female sockeye salmol  

Male chink salmon  
and female sockeye 
salmon. 

Male chum salmon and 
female sockeye salmon. 

Do. 

Male  chinook salmon and 
female chum salmon. 

Male chum salmon and 
female pink salmon. 

Male chinook  salmon 
and female chum salmon. 

Male sockeye salmon and 
female chum salmon. 

do. 

Good hatch 

do. 

do. 

Do. 

Do. 

Do. 

Do. 

Do. Male chum salmon and do. Do. 
female pink salmon. 

Do. 

Female chum salmon 
and male kokanee. 

Male chum salmon and  
female sockeye salmon. 

Species: 

Chum salmon  

do. Do. 

74-percent hatch of fry Terao et al. (1965). 

Do, do. 68-percent hatch of fry Do. 

Female kokanee and do. 75-percent hatch of fry Do. 
male chum salmon. 

Species: Hybrid from: 

Chum salmon Female kokanee and 79-percent hatch of fry Do. 
male chum salmon. 

Hybrid from: 

Female  chum salmon and Female chum salmon and 25-percent hatch of fry Do. 
male kokanee. male kokanee. 
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Figure 3.--Scale of 0.3 chum salmon, captured July 30, 1963, in offshore waters of the North Pacific Ocean. 
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The length and weight of chum salmon at ma-
turity (table 12) indicate that most Asian chum 
salmon are 45 to 96 cm. long and weigh 1.0 to 
11.9 kg. and that most NorthAmerican fish are 
53 to 92 cm. long and weigh 0.8 to 13.4 kg. 
Mature chum salmon under 50 cm. appear to 
be more common in Asia than in North America. 
The maximum length and weight for mature 
chum salmon is about 100 cm. and 20 kg. (LOVET-
SKAYA, 1948). 

3.13 Mating 

Promiscuous, male fish frequently attend 
more than one female (KUZNETSOV, 1928; Hunter, 
1959; STREKALOVA, 1963). 

3.14 Fertilization 

External; ova and sperm are ejected simul-
taneously into a depression excavated by the 
female in STREAMBED gravel. 

Yamamoto (1952) described the fertilization 
process in chum salmon. The area at which 
the spermatozoan enters the egg is marked by 
a funnel-shaped depression. PENETRATIONBY the 
spermatozoan takes place when the female 
nucleus is in the metaphase stage of the second 
maturation division; the fact that one POLOCYTE 
has already been extruded from the female 
nucleus indicates that maturation of the egg is  

activated by water before insemination. About 
1 hour after insemination, a sperm aster de-
velops at the base of the head of the spermato-
zoan and the second polar division of the female 
nucleus proceeds to the TELOPHASE stage. After 
extrusion of the second POLOCYTE, the chromo-
some mass begins its conversion into the 
vesicular female PRONUCLEUS. The head of the 
spermatozoan completes its metamorphosis 
into the male PRONUCLEUS at the same time and 
migrates from the margin toward the center of 
the egg accompanied by the sperm aster. The 
movement of the male nucleus starts about 
2 1/2 hours after ins EMINATION and is completed 
in about 30 minutes. After completing its 
metamorphosis at about 3 hours after insem-
ination, the female PRONUCLEUS begins its mi-
gration toward the male PRONUCLEUS. This 
movement also takes about 30 minutes. Con-
jugation of the PRONUCLEI generally takes place 
within 3 1/2 to 4 hours after insemination. The 
first cleavage spindle appears about 8 hours or 
more after insemination. 

3.15 Gonads 

NEAVE (1948) discussed the relation between 
the number of eggs produced by species of 
Oncorhynchus  and the differences in their life 
histories which regulate the stability in rela-
tive abundance between the species. Only 
species with many eggs and relatively favorable 

Table 12.--RANGE in length and weight of chum salmon at maturity in Asia and North America 

Area YEAR(S) 
Sample 
size 

Fork 
length Weight Authority 

Asia: 

Number Cm.  Kg •  

Okhotsk coast 1948, 1952-53 3,353+ 45-78 BIRMAN (1956). 
Amur River 1925-27, 1933 10,848 48-96 1.2-11.9 KUZNETSOV (1928). 

1948-49, 1952-53 19,013+ 45-90 BIRMAN (1956). 
Sakhalin 1946-49 2,397 45-82 1.1- 6.8 DVININ (1952). 
PRIMORE  (TUMNIN  River) 1948-49 515 55-85 BINNAN  (1956). 
Hokkaido 1956, 1958-59 852 1.0-10.4 (1) 

Honshu (MIOMOTE  River) 1936 50-90 1.0- 8.0 KUBO (1938). 

North America;  
Northwest Alaska 1920 448 53-80 1.8- 5.9 Gilbert (1922). 

1955-59 1,324 1.4- 5.8 (1) 
Central Alaska 1955-59 1,603 0.8- 8.2 (1) 
Southeastern Alaska 1955-59 1,913 1.8-10.8 (1) 
British Columbia 1916-17 1,024 53-84 1.8- 4.9 Fraser (1921) 

1955-59 1,784 1.2-13.4 (1) 
Washington and Oregon 1910, 1914, 1947-61 3,721 56-92 Gilbert (1913); 

MARR (1943); 
Oakley (1966). 

1955-59 410 1.8- 8.6 (1) 

1  Data on file, Bureau of Commercial Fisheries, Biological Laboratory, Seattle, Wash. 98102. 
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conditions for incubation can withstand the 
mortality imposed by a prolonged fresh-water 
existence (sockeye and coho salmon spend a 
year or more in fresh water before migrating 
to sea). Species with fewer eggs and les s stable 
spawning grounds must migrate to sea soon 
after emerging from the gravel to maintain 
their abundance (chum and pink salmon). 

The weight of the female sexual products in 
chum salmon exceeds that of the male (Love-
tskaya, 1948). The weight of the female gonad 
in relation to the total weight of the fish in some 
Kamchatkan streams was 16.6 percent for age 
0.2 fish, 14.0 percent for age 0.3 fish, and 14.6 
percent for age 0.4 fish (Semko, 1954). The 
average for all ages was 14.3 percent. Eguchi, 
Hikita, and Nishida (1954) could not demon-
strate a significant difference in egg count 
between the left and right ovaries of individual 
specimens. For a sample of 243 chum salmon, 
the averages were 1,134 in the left ovary and 
1,146 in the right. 

The fecundity of chum salmon ranges from 
about 900 to 8,000 eggs (table 13). Meanfecun-
dities of samples from North America and 
Asia are about 2,000 to over 4,000 eggs; most 
are 2,000 to 3,000 eggs. In Asia, autumn chum 
salmon show a wide range in average fecun-
dities (2,500 to 4,300), whereas summer chum 
salmon have a lower and much narrower range 
(about 2,000 to 2,550). 

Fecundity varies among individuals, local-
ities, and years; variation within the same 
population is considerable (table 13). Although 
reasons for these variations have not been 
fully investigated, Watanabe (1955) showed that 
fecundity increases with length, and Lovetskaya 
(1948) found that the number of eggs increases 
with length and weight. Rounsefell (19 57 ) 
and Belyanina (1963) have shown the length-
fecundity relation to be linear. 

The number of eggs per unit of body weight 
generally is greater in relatively small and 
young fish and decreases proportionally in 
relatively large and old fish (Semko, 1954; 
Watanabe, 1955). Watanabe (1955) also found 
that the size of eggs generally increases 
with body length. Studies of the size of eggs 
from unspawned females sampled along the 
North American coast (table 14) showed that 
egg diameters increase from north to south 
within an age group and that they increase in 
older fish. The latitudinal differences as well 
as the differences by age group may actually 
be a function of fish size because it is known 
that older fish are larger and that, within an 
age group, size of fish increases from north 
to south. 

Whether total fecundity varies with age is 
not clear. Sano and Nagasawa (1958) found an  

average of 2,171 eggs for age 0.2 chum salmon, 
2,905 eggs for age 0.3, and 3,160 eggs for age 
0.4 in the Memu River of Hokkaido, but their 
sample size was small (29 fish). Mattson and 
Rowland (1963) 4  and Mattson, Rowland, and 
Hobart (1964)5  could not demonstrate a signifi-
cant difference in fecundity of age 0.2, 0.3 and 
0.4 chum salmon from a southeastern Alaska 
stream. Mean fecundities were: 

Year  Age Number of fish Mean fecundity 

1963 0.3 19 2,911 
1963 0.4 32 2,804 
1964 0.2 11 2,794 
1964 0.3 54 3,052 
1964 0.4 7 3,075 

Smirnov (1963) studied production of sper-
matozoa from  artificially spawned chum 
salmon. When the males were kept alive, they 
could be stripped of milt several times; fertile 
spermatozoa were produced for as long as 26 
days. Males, from 55 to 67 cm. long, had a 
total volume of spermatozoa of 37.1 to 133.6 
cm.3  over the complete period of spermatozoa 
production. Spermatozoa per cubic millimeter 
of sperm averaged 24.1 million, and the total 
number of spermatozoa per stripping was 220 
billion. Smirnov concluded that the long dura-
tion of sperm production allows males to spawn 
with more than one female. 

3.16 Spawning 

All species of Oncorhynchus  die after spawn-
ing. They return to spawn in the stream from 
which they originated. Neave (1966) concluded 
that chum salmon share the strong homing 
tendencies of other species of Pacific salmon 
but that the frequency of departure from this 
habit has not been thoroughly examined in 
North America. In Asia, the return of chum 
salmon to their home stream is considered 
well established (Semko, 1954; Sano, 1966). 

Conditions that influence the entry of matur-
ing chum salmon into spawning streams are 
not entirely defined but some information is 
available. Mihara, Ito, Hachiya, and Ichikawa 
(1951) stated that chum salmon enter Japanese 
streams when temperatures drop to 15 C. and 
that most  enter  when the water temperatures 
are 10°  to 12°  C. Temperatures during the 
peaks of migration varied from 7°  to 11°  C. 

4Mattson, Chester R., and Richard G. Rowland. 1963. 
Chum salmon studies at Traitors Cove Field Station--June
1960 to March 1963. Bur. Commer,  Fish., Biol. Lab., Auke 
Bay, Alaska, Ms. Rep. 63-11, 32 pp. (Processed.) 

5Mattson, Chester R., Richard G.  Rowland, and Richard 
A. Hobart. 1964. Chum salmon studies in  southeastern 
Alaska, 1963,  Bur. Commer. Fish., Biol. Lab., Auke Bay, 
Alaska, Ms. Rep. 64-8, 22 pp. (Processed.) 
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Table 13.--Fecundity of chum salmon in Asia and North America 

Area Year(s)  Sample 
size 

Fecundity 

Authority 
Mean Range in   

dividual fish 

North America:  
Alaska: 

Number of Number of eggs 
fish 

Prince William Sound 1959 34 2,935 2,118-3,852 Helle (1960). 
Southeastern 1959 296 2,763 -- Mattson and Hobart (1962).1  

Do. 1960 217 2,858 -- Do. 
Do. 1961 609 2,494 1,100-3,700  Do. 

British Columbia:  
Hook Nose Creek 1947 85 2,107 Hunter (1959). 

Do. 1948 8 2,101  Do. 
Do. 1949 13 2,083 Do. 
Do. 1950 19 2,406 Do. 
Do. 1951 11 2,201 Do. 
Do. 1952 6 2,728 Do. Do. 1953 35 2,741 Do. Do. 1954 22 3,097 Do. 
Do. 1955 8 2,604 Do. 
Do. 1956 31 2,613 Do. 

Port John Creek 1947-48 94 2,107 Hunter (1948, 1949). 
Namu 1934 21 2,760 Foerster and Pritchard (1936). 
Nile Creek -- 47 2,726 Neave (1953). 
Fraser River 1934 51 2,943 Foerster and Pritchard (1936). 

Asia: 
U.S.S.R.: 

Bolshaya  River 1943 2,400 Semko (1954). 
Do. 1944 2,379 Do. 
Do. 1945 2,160 Do. 
Do. 1946 2,423 Do. 
Do. 1947 2,424 Do. 
Do. 1948 2,480 Do. 
Do. 1949 2,038 Do. 
Do. 1950 2,296 Do. 

Amur  River 
Summer runs 
Several tributaries 1927 27 2,551 1,462-3,233 Lovetskaya (1948). 

Do. 1929 9 2,097 1,900-2,692 Do. 
Do. 1930 35 2,300 1,583-3,325 Do. 
My River 1950 -- 2,205 -- Svetovidova (1961).  
Do. 1951 2,282 Do. Do. 1952 2,477 Do. 
Do. 1953 2,214  Do. 
Do. 1954 2,362 Do. 
Do. 1955 2,373 Do. 

Ul  River 1951 2,151 Do. 
Do. 1952 2,364 Do. Do. 1953 2,060 Do. 
Do. 1954 2,372 Do. 
Do. 1955 2,247 Do. 

Beshenaia  River 1949 2,062 Do. Do. 1950 2,306 Do. 
Do. 1951 2,247 Do. 
Do. 1952 2,434 Do. 
Do. 1953 2,277 Do. 
Do. 1954 2,295 Do. 
Do. 1955 2,280 Do. 

Autumn runs 
Several tributaries 1925 72 4,316 2,000-5,906 Kuznetsov (1928). 

Do. 1926 -- 4,278 2,636-6,439 Do. 
Do. 1927 7 3,698 2,948-4,345 Lovetskaya (1948). 
Do. 1928 43 4,046 2,786-5,477 Do. 
Do. 1929 20 2,777 1,771-3,374 Do. 

Sakhalin:  
Summer runs 1946-47 2,366 1,254-3,528 .Dvinin (1952). 
Autumn runs 2,505 1,712-3,928 Do. 

See footnote at end of table. 
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Table 13.--Fecundity  of chum salmon in Asia and North America--  Continued 

Area Year(s) 
Sample 
size 

Fecundity 

Authority 
Mea

n 
Range in in 
dividual fish 

Asia--Continued 
Kurile Islands: 

Number of Number  of eggs 
fish 

Nikishiro River 1939-40 40 1,800 997-2,633 Eguchi et al., 1954. 
Betsutobu River 20 1,959 1,540-2,485 Do. 
Betsusana  River II  17 2,162 1,594-3,414 Do. 
Toro River ii  19 2,044 1,365-2,779 Do. 
Shibetoro River !I  36 2,110  1,546-3,320 Do. 

Hokkaido: 
Tonbetsu River 1939-40 18 2,497 1,654-3,015 Eguchi et al., (1954); Sane  

(1966). 
Teshio River 1939-40 19 2,825 1,967-3,103  Do. 

Do. 1955-58 44 3,023 1,759-4,835 Do. 
Tokoro River 1955-58 69 3,043 1,275-4,379 Do. 
Abashiri River 1939-40 20 2,825 2,247-3,458 Do. 
Iwaobetsu River 1955-58 51 2,544 909-4,959 Do. 
Shibetsu River 1939-40 20 2,114 1,368-3,105  Do. 
Nishibetsu River 1955-58 57 2,562 1,259-3,508 Do. 
Ishilari  River 1955-58 86 3,293 1,575-4,644 Do. 
Tokachi River 1939-40 20 2,813  1,733-4,188 Do. 

Do.  1955-58 79 2,951 1,274-4,768 Do. 
Yurappu River 1955-58 24 3,361 2,625-4,627 Do. 
Shiriuchi River 1955-58 le  3,740 1,945-7,779 Do. 

I  Mattson, Chester R., and Richard A. Hobart. 1962. Chum salmon studies in southeastern Alaska, 1961. Bur. Conner.  
Fish., Biol. Lab., Auke Bay, Alaska, MS. Rep. 62-5, 32 pp. (Processed.) 

Table 14.--Mean sizel  and range in size of chum salmon eggs from unspawned females sampled along 
the North American coast in 1958-59 

Area 

Mean diameter Range in diameters Fish sampled 

Age Age Age 

0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.4 

Alaska: 

Mn.  Mn.  Number 

Kotzebue Sound 4.7 5.6 6.0 4-5 5-6 6 13 27 6 
Kuskokwim River 5.2 5.8 6.5 4-7 5-7 6-7 51 56 6 
Bristol Bay 5.6 5.9 -- 5-7 5-7 -- 88 37 -- 
Alaska Peninsula 5.9 6.5 6.5 4-7 4-8 5-7 16 46 15 
Kodiak Island 6.6 7.0 -- 5-8 5-9 -- 9 66 -- 
Cook Inlet -- 6.3 7.0 -- 5-7 6-8 -- 67 12 
Petersburg 7.2 7.4 6-9 7-9 67 20 
Ketchikan 7.0 7.8 6-8 6-9 51 37 

British  Columbia: 
Skeena River 6.7 7.4 7.7 5-8 5-9 7-8 20 77 7 
Rivers Inlet 7.1 7.0 7.3 5-8 5-9 7-8 18 47 3 
Fraser River 7.0 7.5 -- 6-8 6-9 -- 42 52 

Washington: 
Skagit River 7.3 7.8 7-8 7-9 34 22 

1  Data on file, Bureau of Commercial Fisheries Biological Laboratory, 2725 Montlake Boulevard 
East, Seattle, Wash. 98102.  Egg diameters were obtained by measuring three or four eggs to the 
nearest millimeter from the midsection of the gonad of each female. 

18 



(Sano, 1966). At Hook Nose Creek, British 
Columbia, chum salmon migrating upstream 
responded most readily to high flows but were 
not dependent on them (Hunter, 1959). If flood 
levels were excessive the fish did not enter 
the stream and appeared to travel only against 
currents below a maximum level. Helle (1960) 
noted an absence of chum salmon m a  glacially 
fed stream until flows had decreased and the 
water had been cleared of silt, even though the 
species was spawning in adjacent streams. 

Most chum salmon spawn from June to Janu-
ary. Northern populations spawnbefore the end 
of August or the beginning of September; 
southern populations, after this period (Sano, 
1966; Atkinson et al., 1967). Northern popula-
tions have peak periods of spawning in August 
or early September; southern populations, in 
October or November. The tendency for more 
northerly runs to spawn earlier is probably 
related to the relatively  low temperatures 
during the egg stage which would lengthen 
the incubation period over that in more tem-
perate streams (Committee on Biology and 
Research, 1961). 

Chum salmon spawn in streams ranging from 
short coastal streams, where the adults may 
spawn within the tidal zone, to large river 
systems, such as the An-111r  River in the U.S.S.R. 
and the Yukon River in Alaska, where adults 
are known to migrate upstream over 2,500 km. 
Spawning takes place in 160 streams in Hok-
kaido, 1,270 streams in the United States, and 
at least 880 streams in Canada (Japan Fisheries 
Resource Conservation Association, 1966; At-
kinson et al., 1967; Aro and Shepard, 1967). 
Of spawning streams in Hokkaido, 6 are more 
than 100 km. long, 12 are about 100 km. long, 
and most of the remaining streams less than 
50 km. long. Most chum salmon spawn above 
the reaches of salt water and within 200 km. 
of the sea. 

Characteristics of stream areas selected by 
chum salmon for spawning have been measured 
in some streams. In Hokkaido streams and the 
Amur River, they generally select areas with 
upwellingb  springs where winter temperatures 
exceed 4 C., thus protecting the eggs from 
freezing (Sano, 1966). Freezing of chum salmon 
eggs is an important cause of mortality at 
times in Alaska and the Okhotsk Sea area 
(McNeil, 1966; Sano, 1967). Water velocities 
selected by autumn chum salmon in Hokkaido 
were 10 to 20 cm./sec. (centimeters per 
second) (Sano and Nagasawa, 1958); summer 
chum salmon in the My River spawned in ve-
locities of 10 to 100 cm./sec. (Soin, 1954; 
Strekalova, 1963). Water depths at spawning 
sites were about 20  to 110 cm. for chum salmon 
in Hokkaido (Sano, 1959) and from 30 to 100 cm. 
for chum salmon in the My River (Soin, 1954). 
The streambeds selected for spawning in Hok-
kaido had gravel sizes which averaged 25 per- 

cent less then 0.5 cm., 45 percent from 0.6 to 
3.0 cm., and 30 percent greater then 3.1 cm. 
(Sano, 1959). In tributaries of the Columbia 
River, Burner (1951) found material in redds 
that consisted of gravel greater than 15 cm. 
(13 percent), 15 cm. or less (81 percent), and 
silt and sand (6 percent). In the My River, chum 
salmon spawned predominantly near the banks 
where the streambed consisted of gravel mixed 
with sand and small quantities of silt (Soin, 
1954). 

Sex ratios have been shown to change during 
the spawning migration, but for the entire 
period of migration they approached1:1.  Males 
predominated in the early part of the run and 
females in the later part (Gilbert, 1922; Marr, 
1943; Henry, 1954; Semko, 1954). Sernko (1954) 
also found that sex ratios changed in this man-
ner within age groups although the relation was 
not pronounced. On the spawning ground, the 
proportion of females was 47.0 percent for one 
year in a coastal stream of southeastern Alaska 
[Mattson, et al., 1964 (see footnote 5)]. In 
Hook Nose Creek, British Columbia, the pro-
portion of females ranged from 43.7 to 55.4 
percent (average 51 percent) in 10 years 
(Hunter, 1959) and in tributaries of Tillamook 
Bay, Oregon, from 49 to 77 percent (average 
58 percent) in 7 years (Oakley, 1966). Oakley 
found a greater proportion of males in the 
commercial catch than in the escapement, 
which indicated that the Selectivity  of the fishing 
gear may have influenced the sex ratio in the 
streams he sampled. 

The mating act is shown and described in 
figure 4. These excellent photographs (Sano 
and Nagasawa, 1958) were made by placing a 
pair of adults in a glass-walled tank, 150 cm. 
long, 80 cm. wide, and 60 cm. deep. Although 
the spawning took place in an artificial envi-
ronment, it appears to approximate the be-
havior in natural streams. 

Mattson and Rowland (1963, see footnote 4) 
observed two phases of spawning activity for 
males after they had chosen mates: spawning, 
which lasted 2 to 5 days; and expiration, which 
lasted 1 to 5 days. During the expirationphase 
courting and active attendance of the redd 
ceased, territorialism broke down, and, if the 
females were still active, other males moved 
in without opposition. 

Females passed through three spawning 
phases: Phase 1, spawning lasted 2 to 4 days 
and consisted of preparation of the redd, dep-
osition of eggs, guarding of the redd, and as-
sociation with one or more males; phase 2, 
postspawning which lasted less than 1 to as 
much as 5 days--spawning ceased even though 
males were still in attendance and females 
guarded the redds against intruding females; 
phase 3, expiration which lasted 1 to 6 days-- 
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(c)  From time to time during redd construc-
tion,  the male came in contact with the 
female and exhibited body spasms which 

Alt appeared to excite the female. 

Figure 4.--Construction of redd and spawning 
behavior of chum salmon (Sano and Naga sa wa , 
1958),  

(a) Male (foreground) and female before redd 
construction. 

(b) Female digging redd by turning on side, 
rapidly flexing body, and fanning streambed 
with caudal fin.  The female excavated the 
redd alone and repeated the digging motion  
every 1 to 5 minutes.  
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(d) As the redd building approached its com-
pletion, the male and female circled above 
the redd. 

(e) To start the spawning act, the male and 
female lowered their bodies into the redd. 

(f) In the spawning act, both the male and 
female exhibited body spasms as the sperm 
and eggs were released. Their mouths, fins, 
and opercula were extended. 
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(g) Front view of spawning act which lasted 
5 to 10 seconds. The act was repeated until 
the female had ejected all of her eggs. 

(h) Female covered the eggs after spawning. 

females were no longer attended by males and 
passively guarded the redds. Strekalova (1963) 
reported that females guarded the redds 1 to 6 
days (average 3 to 4 days) after depositing 
their eggs in the My River, U.S.S.R. 

Egg retention (table 15) has not generally 
been considered an important cause of egg loss. 
Sernko (1954) presented data to show that egg 
retention can increase when spawning density 
is high: 

Year Eggs retained per female Total eggs deposited  6  

1947 290 68,280 
1948 45 16,050 
1949 20 3,730 
1950 28 2,940 

Lister and Walker (1966) also reported an 
increased egg retention (24.5 percent) in a 
year of relatively high spawning density in the 
Big Qualicum  River, British Columbia. 

6 The size of area in which these eggs were deposited 
was not given. 

Eggs have been spawned at depths of 12  to 35 
cm. below the surface of the gravel (Kuznetsov, 
1928; Myren, Williamson, and Olson, 1959;7  
Vasilev, 1959). These eggs were deposited in 
two to four pockets which were parallel with 
the current. One egg pocket was 7.6 cm. deep 
and 15.2 cm. wide; the eggs were mixed with 
coarse sand and gravel rather than in a com-
pact cluster [Myren, et al., 1959 (see footnote 
7 )]. 

As reported by Kuznetsov (1928), redds of 
autumn chum salmon were 125 to 320 cm. long 
and 106 to 213 cm. wide. The redd area aver-
aged 1.3 m.2  for summer chum salmon in one 
Asian stream (Vasilev, 1959), and 2.3 m.2  for 
autumn chum salmon in four small North Amer-
ican streams (Burner, 1951). 

7
Myren, R.  T.,  R. S. Williamson, and J. M. Olson. 1959. 

Salmon survival investigations. U.S. Fish. Wildl,  Serv., 
Bur. Commer. Fish., Alaska Region (Juneau), Operations 
Rep. - July 1, 1958 to Feb. 3, 1959, with notes on 1957 
studies.  44 pp. (Processed.) 
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TABLE 15.--EGG RETENTION BY CHUM SALMON IN ASIAN AND NORTH AMERICAN SPAWNING STREAMS 

AREA YEAR AVERAGE EGG RETENTION AUTHORITY 

TILLAMOOK BAY, OREG. 

NUMBER PERCENT 

HENRY ( 1953). <100 

HOOK NOSE CREEK, BRITISH COLUMBIA 1951 104.1 4.7 HUNTER (1959). 
DO. 1952 12.8 0.5 DO. 
DO. 1953 18.2 0.7 DO. 
DO. 1954 35.5 1.2 DO. 
DO. 1955 5.4 0.2 DO. 
DO. 1956 39.4 1.5 DO. 

BIG QUALICUM  RIVER, BRITISH COLUMBIA 1959 24.5 LISTER AND WALKER (1966). 
DO. 1960 5.0 DO. 
DO. 1961 4.4 DO. 
DO. 1962 5.5 DO. 
DO. 1963 2.7 DO. 
DO 1964 2.8 DO. 

MERAU  RIVER, HOKKAIDO 1957 3.4 NAGASAWA AND SANO (1961). 
DO. 1958 4.7 DO. 
DO. 1959 6.1 DO. 

MEMU  AND NISHIBETSO RIVERS, HOKKAIDO 1954-56 45 1.5 SANO (1966). 

AMUR RIVER, U.S.S.R. 0.5-1.5 LEVANIDOV (1954). 

3.17 SPAWN 

DATA ON SIZE OF FERTILIZED EGGS ARE LIMITED: 
THEIR DIAMETERS ARE ABOUT 6.0 TO 9.5 MM., AND 
THEIR MEAN WEIGHTS ABOUT 220 TO 230 MG. 
[SEMKO, 1954; WATANABE, 1955; MAHON AND 
HOAR, 1956; MATTSON AND ROWLAND, 1963 (SEE 
FOOTNOTE 4)]. 

YAMAMOTO (1952) DESCRIBED THE EGGS. THEY 
ARE NEARLY SPHERICAL AND MODERATELY RED, AND 
THE CHORION OR OUTER SHELL CONSISTS OF TWO 
LAYERS--AN OUTER HYALINE LAYER AND AN INNER 
MEMBRANE. THE HYALINE LAYER IS TRANSPARENT 
AND MEASURES ABOUT 20M  ( MICRONS). THE INNER 
MEMBRANE IS THICK, NONTRANSPARENT, AND CAN 
BE SUBDIVIDED INTO TWO LAYERS. HAMANO (1957) 
FURTHER DESCRIBED THE THREE LAYERS: THE MIDDLE 
LAYER IS COMPOSED OF KERATO-ELASTIN AND THE 
INNER AND OUTER LAYERS OF GLYCOPROTEIN. BENEATH 
THE CHORION LIES THE EGG PROPER. THE OOPLASM 
ENCLOSING THE YOLK IS FAIRLY THICK AT THE ANIMAL 
POLE AND BECOMES THINNER TOWARDS THE VEGETABLE 
POLE. THE YOLK CONTAINS FAT GLOBULES OF VARIOUS 
SIZES (YAMAMOTO, 1952). 

A SMALL PERCENTAGE OF EGGS MAYBE NONVIABLE. 
SEMKO (1954) FOUND THAT AN AVERAGE OF 3.5 PER-
CENT FROM CHUM AND PINK SALMON COULD NOT BE 
FERTILIZED. UNFERTILIZED EGGS OF CHUM SALMON 
LOSE THEIR VIABILITY AFTER 2 MINUTES IN WATER 
(HAMANO, 1957). THIS IS CAUSED BY HARDEN-
ING OF THE CHORION FROM COLLOIDAL CHANGES OF  

THE INNER LAYER OF THE CHORION, INDUCED BY THE 
ABSORPTION OF CALCIUM IONS. WHEN LEFT IN THE 
DEAD BODY OF THE FEMALE, THE VIABLE PERIOD FOR 
EGGS VARIES WITH THE TEMPERATURE OF THE 
CARCASS (OKADA, ISHIKAWA, AND KIMURA, 1956). 
AT 11

0 
 TO 12°  C., THE EGGS CAN BE FERTILIZED 

WITH FRESH SPERMATOZOA FOR UP TO 8 HOURS  OR 
MORE WITH GOOD RESULTS; AT 17°  TO 18°  C., THE 
EGGS REMAIN VIABLE FOR ABOUT 1 HOUR. 

VIABILITY OF EGGS CAN BE PROLONGED BY STORAGE 
AT LOW TEMPERATURES. FERTILITY OF STORED EGGS 
VARIES WITH THE LENGTH OF STORAGE ALTHOUGH THE 
TREND IS NOT PRECISE (BARRETT, 1951).  EGGS 
STORED FOR 72 HOURS AT 2.5°  TO 5.8°  C. WERE 
MORE THAN 90-PERCENT FERTILE IN 22 OF 24 
SAMPLES. AFTER BEING STORED FOR 108 HOURS, 
MORE THAN 80 PERCENT OF THE EGGS WERE FERTILE 
IN 32 OF 36 SAMPLES. THE PERCENTAGE OF FERTILE 
EGGS DROPPED RAPIDLY TO 15 PERCENT AFTER 8 DAYS. 

THE FORM OF THE SPERMATOZOAN IS SIMPLE-  A 
SPHEROIDAL HEAD, A SHORT, ROUND MIDDLE SECTION, 
AND A LONG TAIL. THE TAIL IS MORE THAN 10 TIMES 
THE LENGTH OF THE HEAD; THE TOTAL LENGTH OF THE 
SPERM IS ABOUT 36G.  ( YAMAMOTO, 1952; OKADA 
AND ITO, 1955). SPERMATOZOA PLACED IN WATER 
BECOME ACTIVE WITHIN 30 SECONDS AND GRADUALLY 
LOSE MOBILITY AND BECOME INACTIVE AFTER ABOUT 
60 SECONDS (OKADA AND ITO, 1955). SPERMATOZOA 
LEFT IN THE BODY OF DEAD MALES LOSE MOBILITY IN 
60 TO 90 MINUTES AT A BODY TEMPERATURE OF 15° C. 
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Okado and Ito (1955) found that the viability 
of spermatozoa after stripping varied with 
temperature; the spermatozoa were viable for 
about 4 hours at 33°  C. and about 7 days at 5°  
C. Barrett (1951) concluded that spermatozoa 
could be stored at 2.5°  to 5.8

0 

 C. for at least 
36 hours with low mortality. 

3.2 Preadult phase 

3.21 Embryonic phase 

Mahon and Hoar (1956) described the devel-
opment of the embryo from the first cleavage 
furrow through closure of the blastopore. 
Their paper contains photographs of transverse 
sections through the developing embryo and 
shows morphological changes in detail. They 
also have photographs that show gross stages 
of development (fig. 5). 

When the embryo is 6 mm.long and the blas-
topore  is closed, the main organ systems have 
been laid down (Mahon and Hoar, 1956). 
Later development is shown and de-
scribed in figure 6. Eggs used in this study 
were older than those used in the previous 
description because of the lower average tem-
perature (3.4°  C.) at which they developed. 

Toward the end of the embryonic period, the 
egg shell is softened (by secretions from hatch-
ing glands in the epidermis of the embryo) to 
facilitate hatching (Nishida, 1953; Disler, 
1954). Movement of the embryo breaks the 
softened shell and the larva emerges. 

The rate of embryonic development depends 
primarily on temperature; this relation has 
not been precisely described for chum salmon. 
Table 16 shows how temperature affects the 
rate of development and indicates that the 
time from fertilization to hatching can range 
from about 1.5 to 4.5 months. 

Alderdice, Wickett, and Brett (1958) have 
shown that dissolved oxygen also can influence 
rate of development. The mean rate of hatching 
was delayed in eggs exposed to oxygen below 
air-saturation at 10

0 

 C. for 7 days at four 
developmental stages. The delay was greatest 
when eggs were exposed during early stages 
(between 100 and 200 C. thermal units) and 
dropped at about the time blood circulation 
within the egg was established. After the cir-
culatory system became functional, the eggs 
could no longer survive extreme hypoxial 
conditions. Eggs in advanced developmental 
stages were stimulated to hatch prematurely 
by low concentrations of oxygen. 

Soin (1954) reported that light may also slow 
the development of the embryo. 

Poor environment is the principal cause of 
mortality of chum salmon eggs in natural 
streams (See section 4.42 for a discussion of 
specific factors). The one factor which directly 
or indirectly contributes most heavily to 
mortality has been fluctuation in streamflow,  
which may cause mortality directly by erosion, 
by shifting of gravel, or by leaving redds dry. 
Indirectly, flooding causes mortality by dep-
osition of silt on spawning areas, which 
prevents water from seeping through the gravel 
at a satisfactory rate to supply the eggs with 
oxygen and remove waste products. Other fac-
tors that contribute to mortality are freezing, 
light, parasites, predation, high salinity, shock, 
and superimposition of redds. 

Most of the mortality from egg fertilization 
to early fry stage occurs in the embryonic 
period; it varies from about 70 to over 90 per-
cent (see section 4.31). 

3.22 Larval phase (Alevin) 

The larval phase (a salmon is commonly re-
ferred to as an alevin in this stage) covers the 
period from hatching to emergence from the 
gravel. Disler (1954) described the develop-
ment of chum salmon in this phase (table 17) 
and separated the phase into two parts. In the 
first part food was derived solely from the 
yolk sac, whereas in the second part some 
external food was taken. Food organisms found 
in alevins were Diptera larvae, diatoms, and 
cyclops (Disler, 1953). The yolk sac was con-
sidered the main source of nutrition throughout 
the phase. 

Alevins remain in the gravel until their yolk 
sacs are completely or almost completely 
absorbed. The alevin phase is completed in 30 
to 50 days, depending on the water temperature; 
mortality in this stage averaged 9.7 percent in 
the Memu River, Hokkaido (Sano, 1966). 

3.23 Adolescent phase 

Life history stages of Pacific salmon do not 
fit some of the terminology proposed for FAO  
synopses by Rosa (1965). Biologists at the Bu-
reau of Commercial Fisheries Biological Lab-
oratory, Seattle, Wash., who prepared synopses 
on salmon, therefore decided to separate the 
adolescent phase into two stages: the fresh-
water stage which begins as they emerge from 
the gravel and ends as they enter the sea; and 
the salt-water stage which lasts from entry 
into salt water to the year in which they reach 
maturity. We considered the adult phase to 
begin on January 1 of the year in which the fish 
spawns. The fresh-water stage of chum salmon 
lasts from a few days to several weeks; the 
salt-water stage is about 6 months for fish 
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Figure 5.--Early development of the chum salmon embryo 
(photographs and description of photographs from figs. 
1-17, 27, and 77 of Mahon and Hoar, 1956). 

Photographs 1 to 19. Gross appearance of blastoderm 
and embryo in fixed fertilized egg after removal of chorion. 
Age from time of fertilization; magnification, X 10. 

1. Unsegmented blastodisc. 5 hours, 7.60 
 C. (Note 

irregular shape of protoplasm.) 
2. Unsegmented blastodisc showing protoplasm 

regular in outline and somewhat elevated.  12.5 
hours, 7.40  C. 

3. Two celled stage showing first cleavage furrow. 
18.5 hours, 7.20  C. 

4. Four celled stage. Note CM (coagulated material) 
due to Bouin's fixative on surface of yolk. 21 
hours, 7.20 

 C. 
5. Eight celled stage. 28 hours, 7.50  C. 
6. A composite picture of the 8, 16, 32 and later 

segmentation stage (probably 64 cells). 12 to 16 
celled stages are found from 31 to 39 hours 
after fertilization at 7.2° C., and 32- to 64-celled 
stages from 39 to 50 hours at same temperature. 

7. Later segmentation stage. Note prominent MP 
(marginal periblast). 56 hours, 7.1°  C. 

8. and 9. Blastulae, 5 and 6 days, respectively, 7.0°  C. 
Blastoderm has begun to spread over yolk, and 
marginal periblast diminishes in extent. 

10. Formation of GR (germ ring). Note thickening 
on one side indicating future location of em-
bryonic shield.  Blastoderm 3 mm. in diameter, 
9 days, 6.0° C. 

11. Embryonic shield stage, 3.5 mm. in diameter; 
the caudal knob which is so prominent in photo-
graph 12 is just appearing; 10 days, 20 hours, 
5.9° C. 

12. Early embryo formation. Blastoderm 4 to 5mm. 
in diameter; embryo 1.5 mm. in length; note 
prominent CK (caudal knob) and transitory NF 
(neural furrow). 11 days, 21 hours, 5.9°C. 

13. 3-mm. embryo. Due to epiboly, the advancing 
GR (germ ring) covers almost one-half  the yolk. 
14 days, 20 hours, 6.4° C. 

14. 5-mm. embryo. The OC (optic cups) and otic 
vesicles (not clearly defined in photomicrograph) 
were well developed at this stage; 20 days, 21 
hours, 5.80 

 C. 
15. Oval opening of blastopore showing DL, LL, VL 

(dorsal, lateral, and ventral lips, respectively) 
formed by germ ring. Dorsal lip is proximal to 
tail bud region of embryo. Embryo is same age 
as embryo in photograph 14, but epiboly had 
advanced to a greater degree. 

16. 5.3-mm. embryo. B (blastopore) almost closed; 
head slightly raised from yolk. 21 days, 20 
hours, 4.00 

 C. 
17. 5.5-mm. embryo. B (blastopore) closed; head 

and tail freed from yolk. 23 days, 20 hours, 
3.9°  C. 

18. 5.5-mm. embryo. OC (optic cup); OTV (otic 
vesicle); CB (cerebellum); S (somites). X 18. 

19. 6.5-mm. embryo. Compare with photograph 18; 
additional features are cranial and cervical 
flexures, elaborate configuration of brain show-
ing CB (cerebellum) and OL (optic lobe), PFN 
(pectoral fins), GS (gill slits), larger number of 
somites, G (gut), and AN (anal region). X 18. 
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Figure 6.--Development of the chum salmon embryo from 

closure of the blastopore through the alevin stage 
(Photographs and description from Disler, 1954). 

20. Embryo at 65-somite stage; 45 days of develop-
ment; beginning of blood circulation. 

21. Embryo at 72-segment stage; 50 days of develop-
ment; beginning of differentiation of yolk-vascular 
system. 

22. Embryo at 11-mm. stage (68 somites); 64 days 
of development. 

23. Embryo at hatching; length 20.5 mm.; 122 days of 
development. 

24. Embryo at 27-mm. stage; 18 to 22 days after 
hatching. 

25. Embryo at 31.3-mm. stage; 44 days after hatching; 
stage of change from embryonic to larval phase 
of development. 

maturing in their second year (uncommon) and 
18 or 30 months for fish maturing in their third 
and fourth years. 

Fresh-water stage.--Shortly after the young 
chum salmon leaves the redd, its swim bladder 
fills with air, the remains of the yolk disap-
pear, and the fish makes a transition from 
mixed feeding to feeding on external food only  

(Disler, 1953). At the beginning of this stage 
the fish are about 30 to 32 mm. long and are 
called fry. Most fry leave the incubationareas 
soon after they emerge from the gravel; some 
remain near the spawning grounds to feed for 
a few weeks. Downstream migration occurs in 
April and May; entry into salt water is usually 
completed in June. Most fry entering the sea 
are 29 to 60 mm. long. Information on feeding, 
food, size, growth, and behavior of fry is con-
tained in sections 3.41, 3.42, 3.43, and 3.5. 

Scales on chum salmon first form near the 
lateral line between the dorsal and adipose 
fins and tend to proceed radiallyfrom this area 
(Kobayashi, 1961). Scales first appear onyoung 
chum salmon when they are 23 to 27.3 mm. 
long. 

Robertson (1953) described the development 
of gonads in chum salmon and the stage at 
which sex differentiation is possible: "The 
organ forms as a fold from the splanchnic 
mesoderm and, at the time of first appearance, 
contains primordial germ cells. These enlarge 
to form the definitive germ cells which, after 
a series of divisions, form smaller oogonia 
and spermatogonia. Oogonia are followed by 
primary and secondary (growing) oocytes, the 
appearance of which is the criterion of sex 
distinction. Spermatogonia continue to multiply 
but do not undergo growth in the fry." 

The sexes are clearly separated when the 
secondary oocytes appear at about 62 days after 
hatching (Robertson, 1953). The smaller, more 
primitive-looking gonad and nests of sperma-
togonia distinguish the testes. 

Predation and lack of food are probably the 
main causes of mortality of naturally produced 
fry in fresh water. How food supply and com-
petition for food may affect the survival of 
chum salmon fry has not been studied, but 
Levanidov (1954) listed them as factors that 
govern the abundance and quality of fry. Com-
petitors of chum salmon fry in tributaries of 
the Amur River as listed by Levanidov (1959) 
were the lenok (Brachymystax lenok),  La-
govsky's minnow (Phoxinus lagowskii),  the 
common gudgeon (Gobio  sp.), Amur grayling 
(Thymallus arcticus grubei),  Amur ide (Leu-
ciscus waleckii),  common minnow (Phoxinus 
sp.), and the ninespine stickleback (Pungitius  
pungitius  ). 

Predation is probably a more serious source 
of mortality than lack of food (see section 4.42). 
Predation of fry (chum and other species of 
salmon) was estimated to range from 23 to 85 
percent in Hook Nose Creek, British Columbia 
(Hunter, 1959), and from 20 to 85 percent in a 
tributary of the Bolshaya River, U.S.S.R. 
(Semko, 1954). 
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TABLE 16.--DEVELOPMENT OF THE CHUM SALMON EMBRYO 

STAGE OF 
DEVELOPMENT 

RANGE IN LENGTH 
OF EMBRYO 

TIME AFTER 
FERTILIZATION 

TEMPERATURE 
THERMAL 

UNITS 
AUTHORITY 

MM.  DAYS HOURS 

BEGINNING OF 1  0.9- 1.2 24 
CLEAVAGE 18.5 
(2-CELL STAGE). 20 

BEGINNING OF THE 
BLASTULA STAGE. 

3  1.4 8 

FORMATION OF 3  2.6 18-19 
GERM RING. 33•Q  9 

CLOSING OF 6.5- 7.0 44-45 
BLASTOPORE. 5.5- 6.0 24 

BEGINNING OF EYE 7.8-11.0 50-64 
PIGMENTATION. 13.3-13.9 61 

BEGINNING OF 
EMBRYO MOVEMENT. 

14.0-17.0 95-100 -- 

HATCHING 135 
20.0-22.0 122-128 

120 
74 

62-63 
52-61 

56 
54 
46 

1  RANGE IN DIAMETER OF BLASTODISC. 
2  DISLER GAVE A MEAN TEMPERATURE OF 3.4

0 
 C. FOR THE  ENTIRE INCUBATION PERIOD. APPARENTLY TEN-

PERATURES VARIED LESS THAN 10  C.  FROM THIS MEAN. 
3  DIAMETER OF BLASTODERM. 

LITTLE IS KNOWN OF THE DISEASES ENCOUNTERED 
BY NATURALLY PRODUCED FRY. BACTERIAL DISEASES 
HAVE CAUSED SEVERE MORTALITIES IN HATCHERY 
REARED FRY (SEE SECTION 4.43). 

SALT-WATER STAG  E.--AFTER  LEAVING FRESH 
WATER, YOUNG CHUM SALMON REMAIN NEAR SHORE 
UNTIL LATE JULY OR AUGUST; SOME REMAIN NEAR 
SHORE UNTIL AUTUMN ( MANZER, 1956; SANO, 1966; 
NEAVE, 1966). BY MIDSUMMER THEY ARE 100 TO 
150 MM. LONG. BETWEEN MIDSUMMER OF THEIR 
FIRST YEAR AND THEIR SECOND SUMMER, THEY DIS-
PERSE THROUGHOUT THE OFFSHORE WATERS OF THE 
NORTH PACIFIC OCEAN AND BERING SEA (SEE ALSO 
SECTION 2.2). 

MEAN SIZES OF IMMATURE CHUM SALMON FROM 
A SAMPLE OF 21,569 FISH TAKEN BY RESEARCH VES-
EELS  IN JUNE AND JULY OVER SEVERAL YEARS (LAN-
DER, TANONAKA, THORSON, AND DARK, 1966) WERE: 

AGE 
 

FORK LENGTH  WEIGHT 

MM.  DEKAGRAM 

0.1 342 46 
0.2 473 115 
0.3 516 160 
0.4 542 180 
0.5 554 185 

GROWTH RATE DECLINES AS THE FISH GROWOLDER; 
FISH THAT MATURE AT AN EARLY AGE GROW FASTER 
THAN FISH THAT MATURE LATER (RICKER, 1964; LAN-
DER, ET AL., 1966). MOST OF THE GROWTH IS IN 
SUMMER (KOO, 1959; RICKER, 1964). 

THE EARLY OCEAN LIFE OF SALMON IS A PERIOD OF 
HIGH MORTALITY; PARKER (1962) STATED THAT MOR-
TALITY IS PROBABLY AT ITS HIGHEST ONA PER-MONTH 
BASIS:  HE ESTIMATED THE SURVIVAL OF CHUM 
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TABLE 17.--Development OF CHUM SALMON IN THE 
alevin STAGE (ADAPTED FROM DISLER, 1954) 

PART OF 
STAGE 

DEVELOPMENT 

  

FIRST  SKELETON AND MUSCLE OF FINS BECOME 
formed--fin FOLD IS RESORBED. 

YOLK SAC BECOMES ELONGATED AND DE-
CREASES IN AREA. ROLE OF BRAN-
chial APPARATUS AS RESPIRATORY 
ORGAN BECOMES MORE MARKED, AND 
MOUTH PERFORMS RHYTHMICAL  RESPI-
RATORY MOVEMENTS. RUDIMENTS OF 
TEETH APPEAR. 

LARVAE HAVE POSITIVE REACTION TO 
TACTILE STIMULI AND NEGATIVE RE-
ACTION TO LIGHT. 

SECOND  INTESTINE BEGINS TO PERMIT PASSAGE 
OF FOOD, AND PERISTALTIC MOVE-
MENTS OF ITS WALLS BEGIN. THE 
YOLK SAC CONTINUES TO BE THE MAIN 
SOURCE OF FOOD BUT SOME EXTERNAL 
FOOD IS ALSO INGESTED. 

SPOTTED COLORATION APPEARS AND BE-
COMES DEEPER AS DEVELOPMENT CON-
TINUES. RUDIMENTS OF BRANCHED 
SOFT RAYS appear--first IN DORSAL 
AND LATER  IN OTHER fins--and FOR-
MATION OF UPPER AND LOWER LOBES 
OF CAUDAL FIN BEGINS. EYES BECOME 
MOBILE AND TEETH CUT THROUGH ON 
JAW. FORMATION OF LATERAL LINE 
CANALS BEGINS. 

AT THE END OF STAGE THE YOLK SAC 
DISAPPEARS AND IS ENVELOPED BY 
LOWER EXTREMITIES  OF myotomes. 
RESPIRATORY FUNCTION IS TAKEN OVER 
COMPLETELY BY branchial APPARATUS.  
FRY EMERGE FROM GRAVEL, AND THE 
AIR BLADDER FILLS WITH AIR. 

salmon from Hook Nose Creek, British Colum-
bia, during various stages of their ocean life 
as: coastal juvenile stage, 5.4 percent; pelagic 
stage, 56.6 percent; and coastal adult stage, 
93.0 percent. These figures can be compared 
with the egg-to-fry survival in fresh water of 
7.8 percent for the same population. Mean 
survival for the entire ocean life (including 
fishing mortality) was 0.8 percent for the 
Hook Nose Creek population (Hunter, 1959) 
(See also section 4.41). 

Causes of mortality at sea are little under-
stood, but it is known that predation and envi-
ronmental factors are important. Low water 
temperatures and low salinity during early  

ocean residence have been shown to affect sur-
vival adversely (Wickett, 1958; Birman, 1959). 
Brown trout (Salmo trutta),  Atlantic salmon 
smolts  (S. salar),  herring-  (Clupea harengus 
maris-albi), and young Gadidae including pol-
lock (Pollachius virens),  haddock (Melano-
grammus aeglefinus),  Atlantic cod (Gadus 
morhua morhua)  and White Sea cod (Gadus  
morhua  n-iaris-albi) were predators of young 
chum salmon that had been transplanted in 
tributaries of the Barents and White Seas (Bak-
shtanskii, 1964). In the Pacific Ocean predators 
include the hagfish (Polistotrema stoutii), 
lamprey (Entosphenus tridentatus),  mackerel 
shark (Lamna ditropis),  fur seal (Callorhinus 
ursinus),  sea lion (Eumetopis jubata),  harbor 
seal (Phoca vitulina),  fin whale (Balaenoptera 
physalus),  humpback whale (Megaptera 
nodosa),  killer whale (Crcinus orca),  and be-
luga (Delphinapterus  leucas)  (Ikeyama, 1935; 
Clemens and Wilby, 1946;  Tomilin, 1957; 
Spalding, 1964). 

When chum salmon enter the sea they feed 
on zooplankton in contrast to the bottom forms 
taken in fresh water (see section 3.4). In off-
shore waters, main types of food consist of 
polychaetes, pteropods, squid, crustaceanlar-
vae,  copepods, amphipods, euphausiids, and 
fish (Andrievskaya, 1957; Allen and Aron, 1958; 
Birman, 1960; Ito, 1964; and LeBrasseur,  
1966). 

3.3 Adult phase  

As discussed earlier, the adult phase was 
considered to begin on January 1 of the year 
in which the fish matures sexually and spawns. 
Because all chum salmon die after they spawn, 
this final phase of their life lasts about 6 or 7 
months for populations that spawn first (June 
and July) and about 1 year for populations that 
spawn last (December). 

3.31 Longevity 

Chum salmon mature from ages 0.1 to 0.6, 
but most fish mature at age 0.3. Age 0.2 and 
age 0.4 fish are also abundant; abundance of 
age 0.2 fish is greatest in southern streams, 
and that of age 0.4 fish in northern streams. 
Occasionally, age 0,2  or age 0.4 fish are more 
abundant than age 0.3 fish. The maximum age 
recorded for chum salmon in most studies is 
0.6 (Pritchard, 1943; Lovetskaya, 1948; Man-
zer, et al., 1965), but Berg (1948),  quoting Ivan  
Pravdin, reported age 0.7, 0.8, and 0.9. 

Chum salmon spend most of the 6 to 12-month 
adult phase in the ocean and the remainder in 
fresh water (see section 2.2).  The stream life 
varies with different populations. In one coastal 
stream of southeastern Alaska, the average 
stream life was 18.3 days for males and 17.6 

28 



days for females in 1962 and 11.6 days for 
males and 11.4 days for females in 1963 [Mat-
tson,  et al., 1964 (see footnote 5)]. These figures 
are probably typical for many populations that 
spawn in brackish water or within a short dis-
tance from the sea. For other populations that 
enter relatively large rivers and migrate up-
stream for hundreds of kilometers, the fresh-
water life may last 2 months or longer. 

3.32 Hardiness 

Little is known about factors that cause pre-
mature death in adults. Hartt (1966) mentions 
that salmon have thin layers of mucus and skin 
and lose their scales readily during their ocean 
feeding period. The skin and scales become 
tougher as the fish mature, and injury from 
scaling becomes less likely. Low water levels 
during the upstream migration can cause death 
or excess stress on adult fish, which may not 
deposit their eggs properly (Wickett, 1958). 
Petrova (1964) reported that because of gill 
net injuries some fish die before spawning and 
fish that do spawn retain more eggs than the 
usual spawner. Levanidov (1954) stated that 
fall run chum salmon in the Amur River rarely 
died before spawning, but many summer run 
chum salmon died some years, because of high 
water temperatures. 

3.33 Competitors 

Other species of Oncorhynchus  are the prin-
cipal  competitors of chum salmon. They inter-
mingle in ocean feeding grounds, in the inshore 
areas on the way to the spawning streams, and 
on spawning grounds. Pink salmon are the main 
competitors for spawning areas, but coho 
salmon also compete to some extent (Semko, 
1954; Strekalova, 1963; McNeil, 1966; Neave, 
1966; Sano, 1967). 

3.34 Predators 

Adult chum salmon in offshore waters have 
the same predators as the larger immature 
fish (see section 3.23). In coastal waters of 
British Columbia, predation by sea lions and 
harbor seals on all species of adult salmon 
was estimated to be 2.5 percent of the com-
mercial catch of salmon (Spalding, 1964). Pre-
dation in fresh water is probably insignificant. 
Bears (Ursidae)  were reported to preyon adult 
fish in Kamchatka (Semko, 1954) and in Alaska 
(Helle, 1960; Thorsteinson, 19658 ). Helle also 
mentioned seals (Phocidea)  and wolverines 
(Cub °  luscus)  as predators in freshwater. 

8  Thorsteinson, Fredrik V. 1965. Some aspects of pink 
and chum salmon research at Olsen Bay, Prince William 
Sound. Bur. Commer. Fish.,  Biol. Lab., Auke Bay, Alaska, 
Ms. Rep. 65-3, 30 pp. (Processed.)  

3.35 Parasites, diseases, injuries, 
and abnormalities 

Parasites and diseases.--Parasites of chum 
salmon caught at sea or after their return to 
fresh water are listed in table 18 and the degree 
of infestation of Amur River fish is given in 
table 19. No information is available regarding 
the influence of parasites on the health of adult 
fish. 

Injuries and abnormalities.--Wounds, ap-
parently caused by predators, are found on 
salmon caught at sea, as are scars from gill 
nets or predators on fish in spawning streams. 
About 13 percent of the chum salmon returning 
to hatcheries in Washington had scars (Fiscus, 
1963). Petrova (1964) stated that 8 to 15  percent 
of salmon entering the Bolshaya River had 
scars from gill nets, which he attributed to 
the Japanese high-seas fishery. In some Hok-
kaido rivers, an average of 1.4 percent of chum 
salmon had net marks in 1960; in rivers along 
the Kamchatka coast, 6.2 percent had net marks 
in 1960 and 15.6 percent in 1961 (Konda, 1966). 

Rietze (1954) and Hikita (1955, 1958b) dis-
cussed chum salmon with missing fins, acutely 
sharp teeth, odd coloration, and abnormal head 
and body shapes. 

French (1965) reported on adhesions that 
caused the visceral elements to be tightly com-
pacted and joined to the body wall with mesen-
teric  and peritoneal tissues; other than being 
tightly compacted, the internal organs appeared 
to be normal. These adhesions have been found 
only in immature chum salmon caught offshore, 
and then only rarely. 

3.4 Nutrition and growth 

3.41 Feeding 

While still in the redd, chum salmon larvae 
seek food by means of taste and touch. (Disler, 
1953). The amount of food in their stomachs 
was largely insignificant. 

After their emergence from the gravel, the 
fry depend basically on their eyes to locate and 
capture food (Disler, 1953; Hoar, 1958). As 
a rule, the fry eat small benthic organisms up 
to 10 mm. and only occasionally eat plankton. 

Levanidov (1955) studied food selectivity of 
chum salmon fry by feeding natural foods in 
aquaria. He demonstrated that fry selected 
midge larvae (Chironomidae), but when midge 
larvae were not included in the food available, 
the fry preferred mayfly nymphs (Ephemer-
optera) and Asellus  (Isopoda). Midge and cad-
disfly (Trichoptera) pupae were consumed 
more readily than larvae because of their 
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Table 18.--Parasites  of chum salmon (authorities: Uzmann and Hesselholt,  1957; Fisheries Agency of 
Japan, 1959; Bykhovskaya-Pavlovskaya et al., 1962; Akhmerov,  1963; Becker and Katz, 1965) 

Phylum Class Genus 

  

Thallophyta 

Protozoa Flagellata 

Cnidosporida 

Ciliata 

Platyhelminthes Cestoidea 

Saprolegnia  

Crypt obia. 

Henneguya, Myxosoma, Wxidium. 

Tripartiella  and Trichodina. 

Eubothrium, Proteocephalus, Pelichnibothrium, Nybelinia, 
Hepatoxylon, Scolex, Diphyllobothrium, Phyllobothrium,  and 
Triaenophorus. 

Trematoda Tubulovesicula, Brachyphallus, Lecithaster, Isoparorchis, 
Hemiurus, Parahemiurus,  and Bucephalops is. 

Nemathelminthes Nematoda Contracaecum, Anisakis, Philonema, Cystidicola, Rhaphidascaris, 
and Porrocaecum. 

Acanthocephala Echinorhynchus, Bolbosoma, Corynosoma, Rhadinorhynchus, 
Metechinorhynchus,  and Acanthocephalos. 

Arthropods Crustacea Lepeophtheirus, Ergasilus, Salmincola, Argulus.  

Annelids Piscicolidae Piscicola. 

Table 19.--Degree of parasitic infection in summer and autumn chum salmon from 
tributaries of the Amur River (Akhmerov, 1963); ranges are for samples from dif-
ferent tributaries 

Parasite 

Summer chum salmon 
(436 fish) 

Autumn chum salmon 
(179 fish) 

Fish 
infected 

Parasites 
per fish 

Fish 
infected 

Parasites 
per fish 

Mean Range Mean Range 

Brachyphallus crenatus 

Percent No. 

1-21 

5-21 

90-680 

No. 

1-100 

1-40 

7-1000 

Percent No. 

6-33 

40-860 

No. 

1-200 

2-16 

9-5000 

2-32 

5-7 

96-100 

5-66 

13 

100 

Lecithaster gibbosus 

Phyllobothrium caudatum 

Scolex pleuronectis 36-93 1-6  1-27 39-98 3-8 1-28 

Nybelinia surmonicola 1-11 1-2 1-3 14 1  

Eubothrium erassum: 

Imago 2-9 1-2 1-3 4-26 4-10 1-38 

Plerocercoid 2-36 3-9 1-100 14-45  26 1-400 

Echinorhynchus Iasi!  2-4  1-8  1-22 6-7 1 

Bolbosoma coeno forme 2-23 3-14  1-58 7-18 1-7 1-18 

Anisakis sp. (larvae) 31-72 2-3 1-8 35-81 2-3 1-7 

Contracaecum aduncum 1-9 1-2 4-7  1-3 1-3 

Contracaecum sp. (larvae) 2-13 2 1-3 
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accessibility in the water column. Other foods 
taken by the fry were larvae of mosquitoes 
(Culicidae) and oligochetes (Oligochaeta). Bot-
ton-living copepods (Copepoda) and ostracods 
(Ostracoda) were ingested only whenother food 
was scarce and then in insignificant numbers. 

Daily food intake is influencedby water tem-
perature (Levanidov, 1955). At 40  to 10°  C., 
the weight of food eaten daily was 5  to 10 Ter-
c ent of the body weight; between 12°  and 20 C., 
it was 13 to 19 percent of the body weight. 

Stomach contents of adolescent and adult fish 
in salt water are frequently difficult to identify 
because of the advanced stage of digestion. 
Chum salmon digest food faster than other 
species of salmon or feed more extensively on 
readily digestible organisms (LeBras  s eur, 
1966). LeBrasseur also noted that stomach 
contents differed more between chum salmon 
from different ocean water masses (Coastal, 
Transitional, Subarctic, and Alaskan Stream) 
than between chum salmon and other species 
of salmon. He suggested that feeding habits 
were based on availability of, rather than on 
preferences for, certain kinds of organisms. 
Chum salmon were less selective than either 
pink or sockeye salmon (Allen and Aron, 1958; 
Andrievskaya, 1966). LeBrasseur (1966) com-
pared his findings with those of Ito (1964) and 
concluded that salmon from the eastern and 
western Pacific Ocean ate similar organisms 
but that salmon from the western Pacific Ocean 
ate greater amounts. 

Feeding habits of immature and maturing 
chum salmon were not significantly different 
in offshore waters (LeBrasseur, 1966), but 
maturing fish ate less as they approached the 
coast than they did in offshore waters 
(Andrievskaya, 1957; Allen and Aron, 1958). 
Andrievskaya attributed this decrease to less 
abundant supplies of food and to the high con-
centration of salmon near shore during the 
spawning migration. Chum salmon stopfeeding 
as they approach sexual maturity and enter 
fresh water. 

3.42 Food 

Benthic organisms, chiefly aquatic insects, 
constitute the basic food of young chum salmon 
in fresh water. The stomachs of preemergent 
larvae contained detritus, diatoms, cyclops, 
and chironomids (Disler, 1953). 

Chironomid larvae were the most important 
food item of chum salmon fry (Konstantinov, 
1951; Levanidov and Levanidova, 1951; Syn-
kova, 1951; Levanidov, 1954; Hikita, 1960; and 
Kobayashi and Ishikawa, 1964). In one study 
(Levanidov and Levanidova, 1951), mayfly 
nymphs ranked highest, but chironomids were  

also important. Other important food items 
listed by most investigators were stonefly 
nymphs, mayfly nymphs, caddisfly larvae, 
blackfly larvae (Simuliidae), and terrestrial 
ins ects. Ter r estrial forms taken in Amur River 
tributaries in order of their importance (Le-
vanidov and Levanidova, 1957) were adult 
chironomids, blackflies, mosquitoes, other 
terrestrial Diptera, imagoes of mayflies and 
caddisflies, mites (Acarina), and thrips (Thy-
sanoptera). 

The major food of small chum salmon when 
they enter the sea is zooplankton. Off the British 
Columbia coast copepods, euphausiids, and 
tunicates (Larvacea) were main foods (Neave, 
1966). Other food organisms were diatoms, 
ostracods, cirripedes, mysids, cumaceans, 
isopods, amphipods, decapods, chaetognaths, 
and fish larvae. Insects (Diptera) were found 
in stomach contents frequently. In Traitors 
Cove, Alaska, young chum and pink salmon ate 
cladocerans, copepods, barnacle nauplii, and 
barnacle cyprids (Commercial Fisheries 
Review, 1966). At times Diptera (mostly chi-
ronomids)  and an intertidal species of the in-
sect order Collembola were also important. 

Andrievskaya (1957) found over 45 species 
of food organisms in the stomachs of chum 
salmon taken in offshore waters; however, only 
a few groups were consumed in appreciable 
numbers. The important groups of food organ-
isms and their contribution to the diet of ado-
lescent and adult chum salmon are listed in 
table 20. The rank in importance differed some-
what between studies, but four groups of organ-
isms were consistently mentioned as the main 
types of food. Allen and Aron (1958) reported 
that amphipods were consistently important in 
inshore and offshore waters and that copepods 
and euphausiids were important only in the 
more offshore waters. Ito (1964) stated that 
euphausiids were the most important food of 
fish that he examined, but large amounts of 
pteropods and jellyfish were also consumed 
at times. LeBrasseur  (1966) found amphipods 
and copepods most frequently in the stomachs 
he examined, whereas Andrievskaya (1957) and 
Birman (1960) mentioned that pteropods and 
euphausiids were the main types of food. In most 
studies the stomachs of chum salmon had con-
siderable quantities of unidentifiable material 
(due to advanced stage of digestion). 

Differences in stomach contents are probably 
related to the availability of food organisms at 
the time and location that the fish were sampled. 
Andrievskaya (1966), who studied seasonal dif-
ferences in the food composition of chum 
salmon (table 21), reported that pteropods were 
the principal food (in the spring, summer, and 
fall of 1962) but that the species of pteropod 
changed from Euclio  sp. in the spring to Clione 
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Authority 

Allen and 
Aron (1958) 

LeBrasseur 
(1966) 

Item 
Birman (1960) Ito (1964) 

Fall Summer  Spring 1957 1956 

Composition  by weight 

Seasonal differences, 1962 Yearly differences Food 

Table 20.--Food of chum salmon in offshore waters 

Area Western North Western North Western North Eastern North 
Pacific Ocean Pacific Ocean. Pacific Ocean Pacific Ocean. 
and Okhotsk and Bering 
Sea. Sea. 

Time period 

Number of fish examined 

Method of presentation 

Food organisms: 
Polychaetes 
Pteropods 
Squid 
Crustacean larvae 
Copepods 
Amphipods 
Euphausiids 
Fish (including 

Clupeidae and Myctophidae 
and juvenile Gadidae, 
Scorpaenidae, and Hexa- 
grammidae).  

Others 
Unidentifiable  

May-August 
1955. 

Percentage 
composition 
by volume.' 

May-August 
1955-56. 

Percentage 
composition 
by weight.2  

May-August 
1956-63. 

Percentage 
composition 
by weight.3  

0-33.3 
0- 3.5 

0.2-  7.2 
1.4-21.4 
4.1-21.0 
3.7-26.1 

May and June 
1958. 

Percentage 
composition 
by weight.' 

0-33.1 
Trace - 2.8 

0- 5.3 
Trace - 1.5 
Trace - 2.7 
Trace -50.2 

0- 2.0 
15.8-97.8 

0-25.9 
9.4-19.1 6.0-40.0 
1.1-23.3 4  1.8- 7.9 
0.8-35.8 
2.0-10.1 0.5- 6.0 
7.8-30.1 5.0- 9.3 
3.0-50.1 0.4-60.0 
10.6-19.0 2.0-52.4 

0.7-10.0 0-38.8 
0-80.3 

156 3,889 361 

1  Ranges represent differences in average composition of samples from different subareas of the 
ocean. 

2  Ranges represent differences in average composition of samples taken in June-July 1955 and 
May-June and August 1956. 

3  Ranges represent differences in average composition of samples by years. 
4  Stomach contents reported by Birman  contained octopi rather than squid. 

Table 21.--Seasonal and yearly differences in the stomach contents of 
chum salmon from the western Pacific Ocean (Andrievskaya, 1966) 

Polychaetes 
Pteropods 
Squid 
Copepods 
Amphipods 
Euphausiids 
Decapods and Jellyfish 
Fish 
Others 

Percent 

9.4 0 1.0 O 3.4 
51.6 51.3 47.5 4.3 2.6 
O 0.3 7.4 O 0 
O 0.4 0.1 O 0 
12.1 11.8 1.2 10.8 0.1 
22.4 15.0 2.7 73.2 0.1 
4.5 12.6 0.9 O 72.6 
O 8.3 39.2 2.4 3.9 
O 0.3 0 9.3 17.3 
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limacina  in the summer and fall. This change 
in diet occurred when the fish migrated north 
in the spring to a region of the North 
Pacific Ocean not inhabited by Euclio.  Euphau-
siids  ranked next to pteropods in importance in 
the spring but declined during the summer and 
fall, whereas immature fish ranked high in f•  the diet in the fall.  

Yearly differences in the stomach contents 
of chum salmon (table 21) followed changes in 
the abundance of pink salmon in even and odd 
years according to Andrievskaya (1966). In a 
year of low abundance of pink salmon (1956), 
she found that chum salmon ate euphausiids, 
which were the principal food of pink and sock-
eye salmon. In a year when the abundance of 
pink salmon was high (1957), the weight of 
stomach contents of chum salmon was about 
the same as in 1956 but the types of food 
changed. Ito (1964), however, found that weight 
of stomach contents of chum salmon decreased 
in odd years. 

3.43 Growth rate 

Growth begins in the alevin stage. At hatch-
ing, chum salmon are about 22 mm. long and 
weigh about 0.16 g., and after absorptionof the 
yolk-sac they are 27 to 32 mm. and 0.20 
to 0.23 g. (Kuznetsov, 1928; Sano and Kobayashi, 
1953; Levanidov, 1955). 

Chum salmon may migrate seaward soon 
after losing their yolk-sac or they may remain 
in fresh-water feeding areas up to several 
weeks. For those fish which remain in streams, 
two periods of growth have been described. 

Levanidov (1955) considered the initial period 
to last from mid-April to mid-May, and fry 
grew from about 0.20 to 0.28 g. in this period. 
In the second period (mid-May to July) they 
grew more rapidly- -from about 0.27 to 0.55 g. 
in an average of 27 days. The slower growth 
period was from March to April in one Hokkaido 
stream, during which most of the fry migrated 
to sea (Kobayashi and Ishikawa, 1964). More 
rapid growth of the remaining fry in April was 
attributed to higher water temperature and 
increased feeding. By increasing water tem-
perature from 8°  C. to 14°- 20°C.  in laboratory 
experiments, Levanidov (1955) found that the 
growth rate increased from 3 percent of body 
weight per day to 5 to 6 percent. He also found 
that 50 percent of the food energy was used to 
increase body weight during the fresh-water 
rearing period. 

Table 22 presents some measurements of 
fry for the period of seaward migration. The 
small size indicates little growth in most fry 
before they leave fresh water. The length-
weight relation for chum salmon fry during 
fresh-water migration in the Chitose and Ishi-
kari  Rivers of Hokkaido was W =2.364 x 10 -5  
L 2 817  (Sano and Kobayashi, 1953). 

Hatchery fry were smaller than naturally 
produced fry when they were compared during 
their migration downstream (Hikita, 1960). 
Hatchery fry were 37.5 to 44.5 mm. long; 
naturally produced fry were from 46.5 to 56.5 

Table 22.--Size of young chum salmon in fresh water in North America and Asia 

Area 
Sample 
size Period covered Range in sample means 

Authority 
Length Weight 

United States: 
Number Mtn.  G. 

Tillamook Bay, Oreg. 55 Mar. 22-May 29, 1948-51 38.5-42.0 Henry (1953). 

U.S.S.R.: 
Khor River 
Iski River 

230 
205 

Apr. 26-June 30, 1950 
Mar. 23-July 31, 1940 

33.4-38.0 
28.8-35.1 

0.24-0.48 
0.20-0.41 

Levanidov and Levanidova (1951). 
Do. 

Amur River tributaries 494 Migration period 1951 35.3 0.31-0.32 Levanidov and Levanidova (1957). 
800 Do. 1952 33.4-34.5 0.31-0.34 Do. 

2,997 Do. 1953 33.4-37.6 0.31-0.48 Do. 
1,700 Do. 1954 35.1-37.7 0.27-0.35 Do. 

Japan: 
Ishikari and Chitose 758 Apr. 2-June 11,1952 29.7-42.8 Sano and Kobayashi (1952). Rivers. 1,601 Feb. 21-June 24, 1961 27.8-56.5 Kobayashi and Ishikawa (1964). 
Ishikari River 1,047 April 34.5-40.8 Sano (1966). 

May 35.7-42.0 Do. 
June 45.1-49.8 Do. 

Memu River 274 Late Feb. - late Apr. 1958 43.8-57.1 0.56-1.29 Nagasawa and Sano (1961). 
455 Late Jan. - mid-May, 1959 43.3-69.4 0.49-2.56 Do. 
462 Late Mar. - mid-June, 1960 45.8-78.8 0.65-3.82 Do. 
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The size of young chum salmon marked by 
removal of ventral fins and a PORTIONOF the gill 
cover was compared with unmarked fish at 
different points of recapture downstream and 
in coastal waters ( SANO and Kobayashi, 1953). 
Length of marked and unmarked fish were as 
follows: 

Length of juveniles 
Date Stage Marked Unmarked 

Mm. Mm. 

Apr. 28 Early fry 30.6 30.9 
May 22-23 Entrance into sea 41.5 41.2 
June 11 Coastal REARINGPERIOD 45.6 45.8 
June 11-17 do,  62.0 63.8 

The authors concluded that marking had no 
recognizable effect on the growth of chum 
salmon in their studies. 

Chum salmon range in length from about 30 
to 55 MM. when they enter estuaries and from 
100 to 150 MM. when they leave coastal waters 
(SANO and Kobayashi, 1952; SANO, 1966). In 
southeastern Alaska, chum salmon that entered 
the estuary from March to May were, on the 
average, 35 MM. long ( LAGLER and Wright, 
1962). By June 10, size of fish in the estuary 
ranged from 50 to 72 MM. and at the end of 
June, from 52 to 115 MM. The lengths of 
chum salmon in ISHIKARI Bay, Hokkaido are 
given in table 23. 

Table 23.--LENGTHS of juvenile chum salmon in 
ISHIKARI Bay, Hokkaido (SANO, 1966) 

Location of 
collection 

Period of 
collection 

Fish .  

sampled 
Total length 

Range Mean 

Number Ma.  MM. 

ISHIKARI May 202 44-93 61.2 
Do. do. 45 62-103 77.5 

FURUBIRA do. 8 95-108 95.1 
HAMANASU  June 934 37-88 54.3 
ISHIKARI do. 153 45-82 58.0 
HAMANASU  do. 93 62-98 76.2 
YOICHI do. 11 62-88 77.6 

Ricker (1964) summarized data on the ocean 
growth of chum salmon from scale studies 
(table 24). According to these studies, older 
fish show a declining rate of annual growth and 
fish that mature earlier grow faster and are 
larger than immature fish at any given age. It 
was also found that the size attained at the first  

annulus among the eastern Pacific stocks 
(282 G.) averages considerably more than for 
stocks in the western Pacific Ocean (237 G.). 
Monthly instantaneous rates of weight increase 
in the penultimate year averaged 0.067 for 
eastern Pacific fish and 0.068 for western 
Pacific fish and showed little variability. Ricker 
also computed and plotted the increase in 
weight for three age groups of Amur River chum 
salmon (fig. 7); the absolute increase INWEIGHT 
from the last annulus to capture was similar 
for all three groups (1,350-1,640 G.), but the 
percentage of the final weight added during the 
last growth year was 47 percent for age 0.2, 37 
percent for age 0.3, and 32 percent for age 
0.4. 

The growth of immature and maturing chum 
salmon at various ages based on actual meas-
urements taken at sea is shown in figure 8. 
Conclusions from these data were similar to 
those of Ricker (1964); immature fish weigh 
less than maturing fish at a given age and the 
rate of increase in the weight of immature fish 
decreases after 1 winter at sea. 

Most of the annual growth is attained during 
the summer (KOO, 1959 and 1961; Ricker, 1964). 
A comparison of seasonal and annual rates of 
growth from tagging studies (table 25) has 
shown that fish added their last yearly incre-
ment in less than 4 months, as indicated by the 
growth rate in June and July (KOO, 1959). From 
June to October, growth was fastest in June, 
slowed down in July, and dropped further there-
after. Similar conclusions were reached from 
examination of scales (KOO, 1961). Widely 
spaced CIRCULI were added from May to August; 

YEAR I YEAR 2 r  YEAR 3 YEAR 4  YEAR 5 
Figure 7.--GROWTH in weight of autumn chum salmon from 

the Amur River (Ricker, 1964). Points computed using 
the expression: log W =-3.780+ 3.2 log 1 from lengths 
obtained by backcalculation from scale readings. Lines 
merely connect the annual points and do not represent 
the seasonal course of increase in weight. 
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Table 24.--Growth of chum salmon stocks from various studies as summarized by Ricker (1964) 

Location Year Age Fish 
sampled L11-  G2

2  L2 G3 L3 G4 L4 G5 L,  
Weight 
increase 
in last 
year 

United States: 

Male Female 
number number Mm. Mm. Mm. Mm. Mm. Percent 

Tillamook Bay 1949 0.2 12 3 305 1.61 505 0.94 678 -- 156 

0.3 128 129 300 1.59 493 0.65 604 0.65 739 92 

Columbia  River 1914 0.2 184 178 319 1.83 565 0.80 725 123 

0.3 81 67 297 1.74 512 0.79 655 .55 777 73 

0.4 4 0 282 1.75 488 0.53 585 .48 668 .42 762 52 

Canada: 
Lower Strait of 1916 0.2 395 379 307 1.76 533 0.87 700 139 

Georgia. 0.3 767 436 285 1.72 487 0.88 642 .54 759 72 
0.4 19 3 282 1.67 475 0.84 617 .55 732 .38 825 46 

Central British 1960 0.2 100 274 2.10 528 0.93 706 -- -- 153 

Columbia. 0.3 96 261 2.04 493 0.91 650 .58 784 -- 79 

0.4 4 213 2.31 439 1.07 614 .69 761 .38 856 46 

High Seas: 1952-54 0.2 37 11 262 1.50 419 0.50 490 65 

West of long. 180
0
.  0.3 50 58 257 1.88 462 0.34 514 .35 574 42 

0.4 1 10 224 1.50 358 0.95 482 .58 578 .22 619 25 

U.S.S.R.: 
Amur River 1946-48 0.2 91 280 1.78 489 0.63 595 --  --  88 

(autumn fish). 0.3 296 263 1.64 439 0.81 566 .47 655 -- 60 

0.4 150 260 1.54 421 0.73 529 .56 630 .39 711 48 

Avg. of 0.3 1,285 269 1.64 449 0.81 578 .48 672 62 

6 years 

Sakhalin 
Tarondomari River 
(autumn fish). 

1948 0.3 291 1.33 440 0.83 571 .61 690 84 

Khor River 
(summer fish). 

1948 0.3 255 1.60 420 0.82 543 .49 633 63 

1  L,,  L2, etc., are lengths at successive annuli as computed from scales; the last length in the series is the ob-
served drerage  fork length at capture. 
2  Instantaneous rates of increase in weights (g2, g3, etc.) are computed by the expression:,  
g =  b (loge  12- loge  11);  b =  3.2. 

most of the growth was in June and July. From 
September to April, growth was represented 
by a narrow annulus band, which usually con-
sisted of 4 to 6 closely placed circuli for the 
first annulus and 2 to 4 circuli for later ones. 

Birman (1951) noted a relation between the 
size of chum salmon and the density of stocks 
in the ocean. More intensified competition for 
food during periods of high abundance (Ito, 1964; 
Andrievskaya, 1966) leads to a decrease in 
the growth rate. This slower growth rate in 
turn results in later maturity. 

Some conclusions concerning growth were 
made from size of chum salmon at maturity. 
Within sex and age groups the increase in size 
and weight of fish from north to south (tables 
26 and 27) shows that chum salmonfrom north-
ern areas grow less and do not become as 
large as fish from more southern areas (Gil-
bert, 1922; Marr, 1943; Henry, 1954; Sano, 
1966). It is also evident from these data that  

males grow faster than females. Although a 
comparison of sizes between Asia and North 
America may be invalid because inmost cases 
samples were taken in different years, it ap-
pears that growth was similar between chum 
salmon from Alaska and those from the U.S.S.R. 
and among fish from British Columbia, Wash-
ington, Oregon, and Japan. 

Semko (1954), in his analysis of data from 
the Bolshaya River (table 27), concluded that 
fish grew larger in years of abundant runs 
(1937, 1941, and 1943) than they did in years 
of smaller runs (1938, 1939, 1940, and 1944). 
On the other hand, Birman (1951) in his study 
of chum salmon from the Amur River and 
Petrova (1964) in her study of more recent data 
from the Bolshaya River (1951-60, table 27) 
considered the size of fish to increase as 
their numbers declined. 

The following length-weight relations have 
been calculated for chum salmon where W is 
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WINTERS AT SEA 
2 3 4 5 

•  

-----   • —o  

o I MMATURE ( N 13,1841 
• MATURING IN  8,3851 

JULY I JULY  I 
TIME 

Figure EL—Estimated  mean body lengths and weights of 
chum salmon on July 1 (Lander et al. 1966). Connecting 
lines indicate related stages, not actual growth. 

the whole weight in g. and L is the fork length 
in cm.: 

Ocean-caught chum Log W =-3.780 + 3.2 log L 
salmon ranging in 
size from finger- 
ling to subadult 
(Ricker, 1964) 

Mature chum sal- Log W =-1.204 ± 2.6 log L 
mon from the 
Columbia River 
(Marr, 1943) 9  

Mature chum sal- Males Log W = -2.270 + 3.2 log L 
mon from Tilla- 
mook Bay, Oreg. Females Log W =-1.925 + 3.0 log L 
(Henry, 1954) 9  

3.44 Metabolism 

Metabolic rates.--Oxygen consumption by 
chum salmon at various stages of their life 
history are given in table 28. Alderdice et al.  
(1958) concluded that oxygen consumption per 

9  The equations of Marr (1943) and Henry (1954) were 
converted to change units of weight and length to grams 
and centimeters.  

egg rises from time of fertilization to hatching 
and that the consumption per gram of larval 
tissue declines from a high level in early 
stages of development to a low at about the 
time of blastopore closure. Oxygen uptake by 
eggs was independent of carbon dioxide below 
about 125  p.p.m. of CO2 (Carbon dioxide) ( Al-
derdice  and Wickett, 19 5 8). 

The metabolic rate, as measured by oxygen 
consumption, in fry and spawning adults was 
influenced by temperature (table 28). The re-
lation between oxygen consumption (Y) and 
water temperature (x) was: Y = 0.03983e 0.1222x  

(Awakura, 1 9 6 3). Awakura found no difference 
between oxygen consumption by males and fe-
males, but maturing chum salmon had a higher 
rate than mature fish. Winberg (1956) con-
cluded that the metabolism of adult fish mi-
grating upstream at an average speed of 
115 km. per day was seven to eight times 
greater than the metabolic rate of resting 
fish. 

Churn  salmon stop feeding as they enter fresh 
water and obtain energy from body fat and 
protein for the upstream migration and spawn-
ing. The fish becomes emaciated as reserves 
of fat and protein are gradually depleted. The 
average daily use of energy was equivalent to 
25,810 calories per 1 kg. of weight for males 
and 28,390 calories for females of the Arnur 
River (Nikolskii, 1954.)  The fat content, which 
was 9 to 11 percent of body weight before the 
fish entered the river, decreased to 0.5 percent 
or less at death. 

The red blood cell count, blood glucose, and 
blood protein decreased and the erythrocyte 
sedimentation rate increased during sexual 
maturation in fresh water (Lysaya, 1951; 
Nishino, 1967; Hashimoto, 1967). Lysaya (1951) 
considered the decline in red blood cells to be 
related to the metabolism of the gonads. The 
increase in rate of erythrocyte sedimentation 
was attributed to the normal fatigue experi-
enced by salmon during their spawning migra-
tion (Hashimoto, 1967). Lysaya (1951) also 
found increased urea in the blood which he 
suggested as a possible cause of death of 
salmon after spawning. 

Endocrine systems and hormones.--  Thyroid 
activity of chum salmon fry during their down-
stream migration was considered to be highby 
Baggerman (1960) but relatively low by Eales 
(1963). Thyroid activity increased in fry held 
in fresh water past their normal time of entry 
into the sea (Eales, 1963; Hoar and Bell, 
1950). 
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Table 25. --Monthly  and annual growth rates of chum salmon  in the ocean as calculated 
from lengths at tagging and recovery (Koo, 1959) 

Monthly growth rate 

Sample 
size 

Average 
date 

tagged 

Average 
date 

recovered 

Average 
days 
out 

Average 
length at 
recovery 

Average 
growth 

per month  

Number Number MM.  MM. 

12 June 2 June 22 20 576 35.6 
19 June 22 July 26 34 594 29.4 
10 August 14 October 17 64 633 24.2 

Annual growth rate 

Sample  
size 

Years of 
tagging 
and 

recovery 

Average 
days 
out 

Average 
length at 
recovery 

Average 
growth 

per year 

Number Number MM.  MM. 

5 1956-58 776 613 91.3 
28 1956-57 388 598 104.2 
56 1957-58 351 552 90.6 

Table 26.--Mean size of age 0.3 chum salmon at maturity from Asia and North America 

Asial  North America' 

Area and year 
Fork-length Weight Fork-length 

Area and year 
Female Male Female Male Female Male 

Kamchatka: 
Cm. Cm. Kg. Kg. Cm.  Cm.  Alaska: 

East coast (1959) 59.8 63.5 2.8 3.5 62.0 67.1 Yukon River (1920). 
Southeast coast (1959) 61.7 65.2 2.8 3.3 65.4 68.2 Traitors Cove (1961). 
Northwest coast (1959) 63.0 68.3 2.9 3.7 

Okhotsk District (1959) 59.1 62.6 2.7 3.3 

Amur River: (1959) 
(Summer fish) 55.5 57.7 2.2 2.6 
(Autumn fish) 66.1 69.4 3.4 4.2 

Sakhalin (1959) 64.7 64.9 3.3 3.7 

Hokkaido: British Columbia: 
Nemuro district (1959) 70.3 73.1 3.8 4.0 71.0 73.9 Vancouver Island (1916-17). 
Okhotsk sea coast (1959) 69.1 70.7 4.0 4.4 Washington: 
Pacific coast (1959) 73.3 76.7 4.5 5.6 70.4 76.0 Bellingham (1910). 
Southwest coast (1958) 77.6 77.2 5.4 5.5 74.8 80.6 Columbia River (1914). 

Honshu: Oregon: 
Japan sea coast (1959) 73.9 75.9 4.8 5.2 72.1 80.0 Tillamook Bay (1959). 
Pacific coast (1959) 75.7 76.4 4.6 5.2 

1  Data from Sano (1966) for Asia and from Gilbert (1913; 1922), Fraser (1921), Marx'  (1943), 
Mattson  and Hobart (1962; see Footnote 1, table 13), and Oakley (1966) for North America. 
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Table 27.--Average lengths and weights of mature chum salmon, by age, for some North American and Asian stocks 

Area and year Fish 
sampled 

Fork length Weight 

Authority Age 0.2 Age 0.3 Age 0.4 Age 0.5 Age 0.2 Age 0.3 Age 0.4 Age 0.5 

Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male 

North America: 
Alaska 
Yukon  River 
1920 

Oregon 
Tillamook Bay 

1947 
1949 

Asia: 
U.S.S.R. 
Bolshaya River 

Number  - - - - - -  

5.8.4 61.0 

69.7 75.2 
64.8 70.8 

Cm.  - - - - -  

62.0 67.1 65.3 71.6 

73.2 79.7 76.2 
70.9 76.9 71.1 

Sexes combined 

2.54 2.95 

3.86 4.81 
3.54 4.72 

Kg.  - - - - - - - - - -  

2.95 3.76 3.49 4.76 

4.76 5.63 -- 
4.67 5.86 4.54 

Sexes combined 

-_  

-- 

Gilbert (1922). 

Henry (1954). 
Do. 

448 

65 
287 

1932 -- 63.0 65.6 -- -- 3.10 -- -- Semko (1954). 
i...)  

1935 54.4 59.1 63.6 70.3 1.94 2.62 3.29 4.64 Do. 
co  1936 47.1 60.4 63.6 -- 1.30 2.65 3.30 -- Do. 

1940 51.0 61.7 64.0 64.5 1.75 2.83 3.20 3.45 Do. 
1941 55.9 61.1 63.2 63.9 2.28 3.17 3.59 3.60 Do. 
1942 57.2 60.0 65.1 __  2.46 2.50 3.36 -- Do. 
1943 56.4 60.4 62.8 64.2 2.63 2.84 3.24 3.77 Do. 
1944 56.8 58.4 61.1 -- 2.48 2.69 3.02 __  Do. 
1945 57.0 61.2 63.0 66.2 2.55 3.07 3.29 3.80 Do. 
1946 57.1 62.6 65.1 72.4 2.57 3.10 3.43 4.61 Do. 
1947 62.0 62.7 68.8 -- 2.90 2.79 3.27 -- Do. 
1948 58.3 64.1 65.5 72.0 2.54 3.35 3.61 4.95 Do. 
1949 52.5 62.5 64.4 66.8 1.91 2.78 3.01 3.77 Do. 

Averages 1932-49 55.5 61.3 64.1 67.5 2.27 2.88 3.30 4.07 Do. 

1951 -- 58.9 62.0 -- -- 2.76 3.06 __  Petrova  (1964). 
1952 55.1 59.3 60.2 64.1 2.29 2.77 3.07 3.52 Do. 
1953 -- 61.0 59.4 61.7 __  3.03 3.02 2.96 Do. 
1954 55.4 62.0 65.6 67.4 2.15 2.75 3.21 3.39 Do. 
1955 -- 59.6 61.0 __  -- 2.77 2.99 -- Do. 
1956 54.6 62.8 63.2 66.0 2.99 3.16 3.23 3.71 Do. 
1957 -- 64.1 69.0 69.6 __  3.06 3.48 -- Do. 
1958 60.5 64.5 66.3 66.0 2.64 3.21 3.53 3.17 Do. 
1959 -- 64.8 68.7 63.5 __  3.12 3.71 2.73 Do. 
1960 63.7 64.7 64.8 2.36 3.37 3.15 Do. 



TABLE 28.--Oxygen CONSUMPTION OF CHUM SALMON EGGS, FRY, AND MATURE ADULTS 

STAGE OF 
DEVELOPMENT TEMPERATURE OXYGEN CONSUMPTION AUTHORITY 

EGG (°C. DAYS) 

121.2 
268.2 
353.0 
452.4 

FRY 

FINGERLING 

MATURE ADULTS: 
HOLDING POSITION 

MIGRATING  UPSTREAM 

MALES 

FEMALES 

C.  

11.0 

10.0 
20.0 

8.6-9.0 

9.0-9.4 

9.0-9.3 

12.0 
12.0 

MM.  3  0 2/ EGG/ hr  

0.68 
1.60 
2.78 
3.80 

Mm. 3  02/g. LARVAL TISSUE/HR. 

295 
103 
120 
131 

MM.  3  02/g. BODY wt./hr.  

228 
445 
188 

144 

71 

215 
236 

Alderdice ET AL., 

DO. 

DO. 

DO. 

Levanidov (1955). 
DO. 

Awakura (1963). 

DO. 

DO. 

Winberg (1956). 
DO. 

(1958). 

3.5 Behavior 

3.51 Migrations and local move-
ments 

Chum salmon migrate throughout most of 
their lives. Soon after emerging from the 
gravel, they start moving downstream to the 
ocean and in their first year at sea, migrate 
to offshore waters of the North Pacific Ocean 
and Bering Sea. Recent studies indicated that 
migrations continue during ocean residence. 
In the year of sexual maturity, the adults leave 
feeding areas on the high seas, migrate to 
coastal waters, and finally enter the spawning 
streams.  

days for one group of fry and 113 km. in 24 
days for another (Sano and Kobayashi, 1953). 

Behavior of chum salmon fry migrating in a 
large river (Fraser River, British Columbia) 
differed from behavior in smaller streams 
( Todd, 1966). At the beginning of the season, 
the daily migration peaked in the early after-
noon but became progressively earlier in the 
day as the season advanced. Less than 20 
percent of the fry migrated at night. The fry 
were distributed laterally over the entire width 
of the river throughout the migration period 
(February to early June); from 65 to 75 per-
cent were near the river surface, but some 
were found to depths exceeding 4 m. 

Chum salmon fry migrate downstream almost 
entirely during darkness (Abramov, 1949; 
Semko, 1954; Neave, 1955). Very little migra-
tion takes place during daylight except during 
flooding or high turbidity. In the Chitose River 
of Japan, fry actively moved downstream within 
2 to 3 hours after sunset; migrationdecreased 
before dawn and was limited until darkness 
approached the next day (Saito, 1950). In 
Hook Nose Creek, British Columbia, fry 
traveled near the surface and in the center of 
the stream where water currents were 
strongest (Hunter, 1959). Migration rates in 
one Japanese stream were about 76 km. in 25 

After becoming distributed throughout the 
North Pacific Ocean and Bering Sea, immature 
chum salmon continue their migratory be-
havior during their life at sea. A westward 
migration south of the Alaska Peninsula and 
the Aleutian Islands was detected from mid-
June to August or later (Hartt, 1962 and 1966; 
Johnsen, 1964; Larkins, 1964a). These investi-
gations have also shown a similar westward 
migration for maturing fish in late May 
through July with a peak in June. Researchers 
have hypothesized that chum salmon migrate 
from the colder northern waters of the Okhotsk 
and Bering Seas during the winter and make a 
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return northward migration in the spring and 
summer (Shepard et al., 1967). 

The vertical distribution of chum salmon in 
offshore waters was studied by Manzer (1964) 
during the spring and summer in the Gulf of 
Alaska. From mid-May to early June, fish 
were caught between the surface and a depth 
of 60 m. and were most abundant below 12 m.;  
later in the summer, they were most abundant 
at surface to 12 or 12 to 25 m. Diurnal 
descent was indicated, but no relation was 
found between age or temperature and vertical 
distribution. 

In the western Pacific Ocean, from mid-
July to early August, most of the mature and 
immature chum salmon were taken between 
the surface and 10 m.; mature fish were also 
taken as deep as 40 m.  and immature fish to 
50 m.  (Machidori, 1966). More immature than 
mature fish were caught at depths exceeding 
10 m.; chum salmon had the widest vertical 
range of any species of salmon. In Machidori's  
study, chum salmon were distributed similarly 
by depth during the day and night. 

Birman (1964), who discussed vertical mi-
grations by season, stated that salmon are at 
greater depths in winter than in summer. He 
suggested that changes in depth were linked 
with the vertical migrations of zooplankton. 

The distribution and migratory routes of 
important Asian stocks on their spawning 
migrations (fig. 9) have been suggested by 
Kondo et al. (1965). The authors point out that 
these routes may only apply to the years of 
tagging (1958-61) and may be altered by 
changes in the abundance of various stocks 
and by changes in oceanographic conditions. 
The rate of travel for maturing fish in their 
last 30 days at sea was about 40 km. per day 
over distances that varied from 1,100 km. to 
1,900 km. (Hartt, 1966). 

The spawning migration of maturing fish 
takes them into coastal waters from June to 
November and into spawning streams from 
June to January. The migration in streams 
may end in the tidal zone or continue for more 
than 2,500 km. (Yukon and Amur Rivers). 
Rates of upstream migration in the Yukon 
River were 80 km. per day for the first 1,300 

Figure 9.--Estimated  areas of distribution and migration routes for important stocks of Asian chum 
salmon (Kondo et al. 1965). 
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km. and 56 km. per day for the next 1,100 km. 
(Gilbert, 1922). In the Amur River, the average 
rate of migration was 115 km. per day (Pente-
gov, Mentov, and Kurnaev, 1928). In some 
rivers of Japan where spawning grounds are 
much closer to the sea, the average rate of 
travel was 1.9 to 4.2 km. per day (Sano, 1966). 

Some local intrastream movement occurs 
after the fish have started to spawn [Mattson et 
al.,  1964; (see footnote 5)]. Upstream and 
downstream movements of 180 to 365 in.  were 
common in a southeastern Alaska stream after 
redd building had begun; migrations were as 
great as about 1,800 m. About 35 percent of 
the males and 22 percent of the females 
spawned in more than one section of the stream. 

3.52 Schooling 

Schooling was listed by Hoar (1958) as a 
behavior of chum salmon fry in fresh water, 
which becomes more pronounced when they 
reach the sea (Shelbourn, 1966). Schooling of 
adult salmon during their inshore migration, 
in coastal areas, and at the mouths of spawning 
streams is well recognized. This behavior 
makes them susceptible to capture by com-
mercial fishing gear such as purse seines. 

3.53 Responses to stimuli 

Environmental stimuli.--Hoar (1953, 1954, 
1956, 1958) studied the behavior of chum 
salmon fry in relation to environmental stimuli 
and listed distinct patterns of behavior: 
(1) hiding under stones, (2) occupying terri-
tories, (3) schooling, (4) feeding, and (5) es-
caping predators. These patterns varied with 
respect to environmental gradients of light, 
temperature, current, salinity, and to objects 
in the environment. 

Following initial emergence from the gravel, 
chum salmon fry prefer bright light. More 
than 50 percent may be expected in exposed 
areas, although they will retreat to deeper, 
less illuminated areas when the intensity rises 
to 500 to 1,000 foot-candles. When schools of 
chum salmon fry were placed in a natural side 
channel, large numbers of them could be ob-
served at all light intensities during the day. 

In comparison with the other species of 
salmon, young chum salmon responded most 
consistently and strongly to currents at all 
times of the day. They showed strong 
preference for the compartment of a trough 
to which they were previously drawn by 
current or salinity. These activities showed 
that chum salmon have a keen recognition 
of objects in the environment, aware-
ness of spatial relations, and an ability to 
adjust accordingly. 

Downstream migration is thought to be a 
combination of displacement (drifting at night 
with the current because of diminished visual 
orientation) and active swimming. The im-
portance of either factor depends on the rela-
tive strength of orienting mechanisms such as 
current, temperature, and visual reference 
points. Experiments have indicated that a 
rising temperature changes a predominantly 
positive rheotaxis to a negative rheotaxis in 
which chum salmon  swim with, but 
usually more rapidly than, the current. This 
behavior was considered a mechanism which 
hastens or induces downstream movement in 
chum salmon which have remained past the 
peak period of downstream migration. Fry 
migrated downstream quickly when tempera-
tures in Hokkaido streams reached 15°  C. 
(Mihara, 1958) and disappeared from coastal 
waters when water temperatures reached 170 G.  

Laboratory experiments have shown that 
growth of chum salmon fry is accompanied by 
an increased preference for sea water (Shep-
ard, 1948; Houston, 1961). Larger fry also 
adapt better when transferred directly from 
fresh to salt water as measuredbythe changes 
in whole-body levels of chloride. McInerney  
(1964) has shown that these preferences for 
salinity increase in an orderly sequence. 
Beginning_  with a modal preference for fresh 
water (0"/oo  Cl)  in May, the sequence prog-
ressed to 3 °/oo in June, 60/00  in July, about 
8 0/00 in August, and finally to 10 0/00 Cl in 
October. The intensity of response to higher 
salinity also increased in an orderly sequence 
from a 14.3 percent response to 3 °/ooC1  to a 
25 to 30 percent response for subsequent 
preferred concentrations. These observations 
suggest that the juvenile fish, while still in 
fresh water, becomes increasingly preadapted 
to the osmoregularity of marine life. The 
length of daylight was found to have some con-
trolling influence on the time when changes in 
preference for salt water takes place (Bagger-
roan,  1960). 

The increased adaptability to sea water ap-
pears to be unchangeable in chum salmon 
(Hoar and Bell, 1950; Baggerman, 1960). The 
fry are difficult to maintain in fresh water for 
more than 2 or 3 months after their normal 
time of downstream migration. Almost all the 
hatchery fry at Cowichan Lake in British 
Columbia died toward the end of their first 
summer. When the fish were held in fresh 
water for prolonged periods, their thyroid 
glands became hyperactive--a change 
attributed to increased demands for thyroid 
hormone in the metabolism of fish that were 
no longer completely adjusted to fresh water 
(Hoar and Bell, 1950). Mortalities were ac-
companied by increases in water content and 
decreases in density, which suggested that 
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death was caused, at least in part, by loss of 
ability to regulate water and electrolyte levels 
(Houston, 1961). 

Artificial stimuli.-  -Chum salmon fry 
avoided an air bubble screen (Kobayashi and 
Sasaki, 1965). Migrant fry also responded to 
artificial light by swarming under it. 

Suetake (1959) described an electrical weir 
that effectively prevented the upstream migra-
tion of adult chum salmon even during floods. 
Two electrodes in the stream with 95 to 135 
volts (50-cycle, alternating current), provided 
the electrical stimulus. 

4  POPULATION 

4.1 Structure  

4.11 Sex ratio 

Sex ratios of maturing fish, as determined 
by sampling of commercial catches from the 
high seas and from the Asian and Alaskan 
coasts, show in general that males outnumber 
females at younger ages and that the propor-
tion of females increases with age (table 29). 

Sano (1966) concluded that on the Asian coast 
almost all maturing fish of age 0.1 were males; 
males also outnumbered females at age 0.2. 
At age 0.3, however, the sex ratio was nearly 
1:1, and at ages 0.4 and 0.5 females tended to 
outnumber males. When all age groups were 
combined, the ratio was about 1:1. See section 
3.16 for sex ratios on the spawning ground. 

4.12 Age composition 

Immature and maturing chum salmon range 
from less than age 0.1 to age 0.6. Data ob-
tained by the International North Pacific Fish-
eries Commission from catches on the high 
seas (table 30) reflect the availability of 
various ages to the sampling gear (surface gill 
nets) rather than the age composition of the 
population. Only age 0.1 or older fish have 
been taken by this gear, and immature fish 
have not been taken consistently until summer. 
The selectivity of catches is evident from the 
seasonal change in age composition; the domi-
nant age in winter and spring was 0.3,in early 
summer, 0.2, and in the latter half of July, 0.1. 
These changes result from an increase in 
availability of age 0.2 and 0.1 fish and a de-
crease in the number of older fish, many of 

TABLE 29.--PERCENTAGE OF FEMALE CHUM SALMON IN COMMERCIAL CATCHES ON THE ASIAN AND NORTH AMERICAN COASTS AND ON THE HIGH SEAS 

AREA YEARS 
FISH 

SAMPLED 

PERCENTAGE FEMALES 

AUTHORITY Age 
ALL 
AGES 0.1 0.2 0.3  0.4 0.5 

NORTH AMERICA: 

ALASKA: 

NUMBER  PERCENT 

ALASKA PENINSULA 1951-57 6,140 28.7 51.0  52.4 49.1 THORSTEINSON, 
KODIAK ISLAND 1948-51, 1955-57  1,753 30.5 48.7  50.6 48.4 NOERENBERG, 
PRINCE WILLIAM SOUND 1952-58 2,137 29.0 52.0  45.3 48.3 AND SMITH (1963). 

BRITISH COLUMBIA: 
CHEMAINUS, NANAIMO, AND QUALICUM 1916-17 2,996 50.5 35.4  -- 42.2 FRASER (1921). 

WASHINGTON AND OREGON: 

PUGET SOUND 1963 5,000 51.0 57.0  -- 53.0 FISCUS  (1963). 
COLUMBIA RIVER 1914 514 49.0 45.6  -- 48.1 MARR (1943). 

ASIA: 

EAST KAMCHATKA 1959 20.0 55.6  39.0 27.0 52.5 SANO (1966). 
SOUTHWEST KAMCHATKA 1959 25.0 45.0  40.0 51.5 DO. 
NORTHWEST KAMCHATKA 1959 57.2  68.8 57.5 DO. 
OKHOTSK DISTRICT 1959 36.3 46.6  50.0 60.0 47.1 DO. 
AMUR RIVER: 

SUMMER FISH 1959 47.6 48.7  41.3 47.9 DO. 
AUTUMN FISH 1959 52.3 51.3  44.7 40.0 50.0 DO. 

SAKHALIN 1959 11.0 38.0  42.8 36.0 DO. 
HOKKAIDO: 

NEMURO DISTRICT 1959 12.5 67.0  71.8 67.5 DO. 
OKHOTSK SEA COAST 1959 0 24.3 50.7  43.6 36.2 DO. 
PACIFIC COAST 1959 44.5 59.9  60.4 75.0 58.9 DO. 
SOUTHWEST COAST 1958 0 40.4 71.2 100.0 48.7 DO 
JAPAN SEA COAST 1959 0 26.0 34.8  37.5 32.0 DO. 

HONSHU: 

JAPAN SEA COAST 1959 0 40.4 67.5  50.0 55.6 DO. 
PACIFIC COAST 1959 0 48.7 56.2  66.6 52.5 DO. 

HIGH SEAS: 

WESTERN NORTH PACIFIC OCEAN AND 
BERING SEA. 

JAPANESE MOTHERSHIP FISHERY 1953-57 35.0 57.0  63.0 70.0 55.0 ISHIDA (1963). 
1956-62 35.0 55.0  62.0 67.0 DO. 

42 



Table 30.--Age composition of chum salmon caught at sea by research vessels 

Area  Year and time  period 
Fish 

sampled 

Age 
Unknown Authority 

0.1 0.2 0.3 0.4 0.5 

Number Percent 

Mid-Pacific Ocean 1962 Feb. 10 - Mar. 6 143 0.7 7.0 49.0 41.3 1.4 0.7 French and Mason 
1963 Jan. 28 - Feb. 22 64 0 1.6 60.9 34.4 1.6 1.6 (1964). 

Northeast Pacific 1962 Apr. 9 - May 6 847 1.4 22.7 52.9 22.8 0.2 Fisheries Research 
Ocean. 1962 May 10 - 24 323 3.4 23.5 49.3 23.8 0 Board of Canada 

1962 May 28 - June 13 635 4.9 46.0 40.8 8.3 0 (1960 and 1964). 
1959 May 18 - June 29 763 0.3 39.4 27.5 1.4 0 22.8 

1962 June 18 - 30 445 6.5 68.5 20.5 4.3 0.2 

1962 July 3 - 14 492 41.9 49.6 7.9 0.4 0.2 

1962 July 15 - 26 117 82.0 15.4 2.6 0 0 

which are maturing and leaving the high-seas 
areas (Fisheries Research Board of Canada, 
1964). 

Manzer et al. (1965) summarized present 
knowledge on the high-seas distribution of age 
groups for the period from Mayto August from 
catches of research vessels and Japanese 
commercial vessels. Fish in their first year 
were taken in coastal areas during the summer, 
but their distribution after they left coastal 
areas was unknown. 

Age 0.1 fish were taken only in the south-
eastern Gulf of Alaska in May, after which this 
age group became more numerous in southern 
waters of the Gulf of Alaska and near the 
central Aleutian Islands. By July they were 
present throughout the North Pacific Ocean 
and Bering Sea. Centers of concentration 
during July and August were in the south-
western areas of the Gulf of Alaska, eastern 
Aleutian Islands, and in the western areas of 
the Bering Sea and North Pacific Ocean. 

Age 0.2 fish  were widespread in May across 
the western and central areas of the North 
Pacific Ocean and generally throughout the 
eastern part of the Gulf of Alaska. After May, 
age 0.2 fish were caught throughout the North 
Pacific Ocean and Bering Sea. During July and 
August they were relatively more numerous in 
the western Gulf of Alaska, south of the eastern 
Aleutian Islands, and in the western Bering 
Sea. 

Age 0.3 and 0.4 fish were in all waters 
fished during May, after which their relative 
numbers increased coastward from the high-
seas areas. 

Age 0.5 fish were caught only west of the 
eastern Aleutian Islands in the North Pacific 
Ocean, and west of about long. 175°  W. in the 
Bering Sea. After May their numbers increased 
coastward. 

The older the age group, the closer to major 
land masses were the centers of concentration, 
regardless of the month. Because most age 
0.3 and 0.4 and almost all age 0.5 fish were 
maturing, the coastward shift in the centers of 
abundance was expected. 

The age composition of mature chum salmon 
in Asia and North America (tables 31 and 32) 
shows that age 0.3 fish dominate in most 
areas. Populations from southern localities 
have a larger percentage of younger fish, 
whereas northern populations have a larger 
percentage of older fish (Gilbert, 1922; Marr, 
1943; Pritchard, 1943; Kobayashi, 1961; Oakley, 
1966; Sano, 1966). This trend applies to both 
Asian and North American stbcks (tables 31 
and 32). 

Considerable year-to-year variation in age 
composition is common for populations of 
mature chum salmon. This phenomenon has 
been recognized by Pritchard (1943), Henry 
(1954), Semko (1954), and others and is evi-
dent from data in table 32. 

Age composition changes as the spawning 
season progresses. Generally, the older fish 
appeared in the earlier part of runs and the 
younger fish appeared later [Marr, 1943; 
Semko, 1954; Helle, 1960; Thorsteinson et al., 
1963; Mattson et al., 1964 (see footnote 5)]. 
Mattson and Rowland (1963; see footnote 4), 
however, found that age 0,3  fish dominated 
early migrants and age 0.4 fish dominated late 
migrants at Traitors Cove, Alaska, in one 
year. 

4.13 Size composition 

Published data on actual size composition of 
chum salmon populations are limited; often 
only mean sizes have been reported. To cover 
the available information on size, some data 
are included which do not deal strictly with 
size  composition. 
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Lengths of chum salmon during ocean resi-
dence range from about 3.5 cm. for the smallest 
fish when they first enter the sea to about 
100 cm. for the largest fish. Meanlengths of age 
0.1 and older chum salmon (table 33) show that 
within ages, males are larger thanfemales and 
that maturing fish are larger than immature 
fish. The mean lengths for the total monthly 
samples changed during the summer as the 
maturing fish left the areas sampled and 
immature fish became available to the samp-
ling gear. In May and June, when maturing 
fish dominated catches, the sample means 
were about 53 cm., but averages dropped to 
about 46 cm. in July as immature fish became 
dominant. Mean sizes increased in August and 
September as the immature fish grew. 

The length composition for ages of chum 
salmon taken by the Japanese high-seas fishery 
(mesh sizes of 12.1- and 13.0-cm. stretched 
measure) in the western North Pacific Ocean 
and Bering Sea is presented in table 34. The 
length ranges overlap considerably among the  

three ages; the greatest overlap is between 
ages 0.3 and 0.4. The greatest proportion of 
fish (about 80 percent) fell within 43 to 50 cm. 
for age 0.2, 50 to 57 cm. for age 0.3, and 53 
to 60 cm. for age 0.4. 

Mature fish range from about 45 to 90 cm. 
long and from about 1 to 10 kg. or more (see 
section 3.12). The record size was 108.8 cm. 
and 20.8 kg. (Lovetskaya, 1948, citing Richlo).  

Data on size composition for chum salmon 
on the North American coast are limited in 
the areas covered, and sampling was restricted 
to only 1  year (table 35). The influence of 
variability between years on a comparison of 
size composition between areas is therefore 
unknown. Other sources of variation in these 
data are sampling by different types of gear 
(gill net, purse seine, and trap) and differences 
in segments of the run sampled. Generally, 

'-0  Rich's paper could not be located from  the reference 
citation given by Lovetskaya. 

Table 31.--Age composition of spawning populations of chum salmon in North America and Asia 

Area Year 
Fish 

sampled 
Age 

Authority 
0.1 0.2 0.3 0.4 0.5 0.6 

Number Percent 
North America: 
Alaska: 
Yukon River 1920 448 0 3.3 68.1 28.6 0 Gilbert (1922). 
Alaska Peninsula, Prince 1948-58 10,030 0 9.2 73.1 17.0 0 Thorsteinson et al. (1963). 
William Sound, Kodiak 
Island. 

Southeastern Alaska 1961-63 1,354 0 5.1 81.4 13.5 0 Mattson and Hobart (1962, 
see footnote 1, table 13); 
Mattson and Rowland (1963, 
see footnote 4); Mattson 
at  al. (1964,  see footnote 
5). 

British Columbia 1916-17, 6,295 0.01 21.4 43.3 31.7 3.5 0.04 Pritchard (1943). 
1928-35, 
1940-42 

Washington: 
Bellingham 1910 58 0 53.5 44.8 1.7 0 0 Gilbert (1922). 
Admiralty Inlet 1935 875  0 38.2 52.9 8.9 0 0 Rounsefell and Kelez (1938). 
Columbia River 1914 518 0 70.5 28.7 0.8 0 0 Marr (1943). 

Oregon: 
Tillamook Bay 1947, 1949 352 0 10.2 89.2 0.6 0 0 Henry (1954). 

Asia: 
East Kamchatka 1959 0  0.8 88.6 9.4 1.4 0 Sano (1966). 
Southwest Kamchatka 1959 0 1.7 94.9 3.4 0 0 
Northwest Kamchatka 1959 0 0 88.6 11.4 0 0 
Okhotsk District 1959 0 2.2 86.8 7.9 3.1 0 
Amur River: 
Summer fish 1959 0 3.5 86.0 10.5 0 0 
Autumn fish 1959 0 10.7 81.8 7.2 0.3 0 

Sakhalin 1959 0 9.0 84.0 7.0 0 0 
Hokkaido: 

Tokoro River 1950-57 0.3 33.4 59.8 6.3 0.2 0 Japan Fisheries Resource 
Nishibetsu River 1950-57 0.1 27.1 61.9 11.0 0 0 Conservation Association 
Ishikari River 1950-57 3.2 30.8 52.4 13.3 0.3 0 (1966). 
Tokachi River 1950-57 0.4 18.3 57.6 23.0 0.6 0 
Yurappu River 1950-57 0.1 15.0 68.0 17.0 0 0 

Honshu: 
Japan Sea coast 1959 6.9 61.5 31.6 0 0 0 Sano (1966). 
Pacific coast 1959 1.3 11.2 79.8 7.7 0 0 
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Table 32.--Yearly variation in age composition of chum salmon populations 

Area and year 
Fish 
sampled 

Age 
Authority 

0.2 0.3 0.4 0.5 

North America: Number Percent 

Alaska 
Kotzebue Sound 
1962 68 7.3 63.3 28.0 1.4 Regnart, Fridgen, and 
1963 255 32.6 47.4 18.8 1.2 Geiger (1967). 
1964 463 55.7 42.5 1.8 0 Do. 
1965 480 2.7 92.3 5.0 0 Do. 

Yukon River 
1961 97 4.1 75.3 20.6 0 Do. 
1962 915 1.9 69.3 28.8 0 Do. 
1963 650 6.0 83.3 10.2 0.5 Do. 
1964 268 33.2 63.0 3.7 0 Do. 
1965 486 0.2 97.3 2.5 0 Do. 

Prince William Sound 
1952 187 23.5 47.1 29.4 0 Thorsteinson et al. (1963). 
1953 819 8.4 76.4 15.1 0 Do. 
1954 100 45.0 45.0 10.0 0 Do. 
1955 55 10.9 81.8 7.3 0 Do. 
1956 617 11.0 86.2 2.8 0 Do. 
1957 218 6.9 72.0 21.1 0 Do. 
1958 141 15.6 76.6 7.8 0 Do. 

British Columbia 
Nootka 

1933 160 14.4 24.4 59.4 1.8 Pritchard (1943). 
1934 124 16.9 73.3 9.0 0.8 Do. 
1935 186 17.2 44.6 36.6 1.6 Do. 
1941 518 9.1 50.6 39.6 0.7 Do. 

Oregon 
Tillamook Bay 

1947 65 32.3 66.2 1.5 0 Oakley (1966). 
1949 287 4.9 94.7 0.4 0 Do. 
1950 481 76.2 22.5 1.3 0 Do. 
1959 310 51.2 48.0 0.8 0 Do. 
1960 92 68.2 30.8 1.0 0 Do. 
1961 123 83.4 16.0 0.6 0 Do. 

Asia: 
Okhotsk Sea coast 

1957 1.4 63.1 9.8 25.7 Kondo et al. (1965). 
1958 6.8 25.2 68.0 0 Do. 
1959 1.9 86.0 9.5 2.6 Do. 
1960 0.3 42.1 57.0 0.6 Do. 
1961 1.2 32.9 63.0 2.8 Do. 

West Kamchatka coast 
1957 0 68.2 23.0 8.8 Do. 
1958 19.0 58.6 22.4 0 Do. 
1959 0.6 91.7 7.7 0 Do. 
1960 0.2 59.8 39.7 0.3 Do. 
1961 0 37.6 59.2 3.1 Do. 

East Kamchatka 
1957 5.0 72.5 21.5 1.0 Do. 
1958 9.0 75.6 15.4 0 Do. 
1959 0.8 83.7 13.7 1.8 Do. 
1960 1.0 41.4 54.8 2.8 Do. 
1961 0.8 51.1 44.7 3.4 Do. 
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Table 32.--Yearly variation in age composition of chum salmon populations--Continued 

Area and year 
Fish 

sampled 
0.2 

Amur River: 
Summer chum salmon 

Number 

1927 501 3.6 
1928 134 0 
1929 425 60.2 
1930 826 0.6 

Autumn chum salmon 
1927 308 3.2 
1928 522 1.5 
1929 641 12.2 
1932 468 1.7 
1933 298 1.7 

Hokkaido coast: 
1957 32.0 
1958 24.1 
1959 18.4 
1960 25.4 
1961 18.5 

the mean lengths within age groups and the 
total mean length increased from north to 
south. The total increases in length from 
north to south are offset to some degree by 
the greater strength of younger fish in more 
southern streams and by the actual dominance 
of younger age groups in some areas. 

The length composition within and between 
areas of Alaska, based on mean length (mid-
eye to fork of tail), is compared in table 36. 
Yearly changes in size composition within 
areas were partially due to differences in 
mean length within age groups but were 
primarily due to changes in strength of age 
groups. Age 0.3 fish were dominant in all 
areas and in most years, but age 0.2 fish 
varied from 0 to 56 percent of the samples 
and age 0.4 fish from 2 to 51 percent. The 
size differences between areas also changed 
because of increasing mean lengths within 
ages from north to south. A shift to younger 
ages from north to south was not evident 
for areas in Alaska as it was for samples 
with a wider latitudinal distribution. Mean 
lengths for age 0.3 fish are further sum-
marized from table 36 as follows: 

Female Male 
Range in cm. 

Percentage 
age 0.3 

58-60 60-62 42-92 
55-58 57-59 63-97 
58-60 59-61 60-92 
59-63 60-67 43-88 

60-63 60-65 45-86 

67-68 69-71 64-77 

Age 
Authority 

0.3 0.4 0.5 

Percent  

79.2 15.8 1.4 Lovetskaya (1948). 
88.1 11.5 0.7 Do. 
26.6 13.2 0 Do. 
98.1 1.3 0 Do. 

79.2 15.3 2.3 Do. 
67.1 29.5 1.9 Do. 
73.7 14.1 0 Do. 
38.7 56.2 3.4 Do. 
84.6 12.4 1.0 Do. 

59.7 7.4 0.9 Kondo et al. (1965). 
70.0 5.9 0 Do. 
68.8 12.5 0.3 Do. 
65.6 8.9 0.1 Do. 
66.0 14.3 0.2 Do. 

Chum salmon of this age were smallest in the 
Yukon River. Fish from Kotzebue Sound and 
the Alaska Peninsula appeared to be of similar 
size. Fish from areas in the Gulf of Alaska 
were largest, particularly those from south-
eastern Alaska. 

The considerable overlap in length distri-
butions for different ages prevents the use of 
length to determine age of fish (Henry, 1954; 
Kobayashi, 1961; Thorsteinson et al., 1963). 
Samples of age 0.2 and age 0.4 chum salmon 
from central Alaska overlapped over almost 
half their length distribution, age 0.3 fish over-
lapped the entire ranges of the other two age 
groups. 

4.2 Abundance and density (of population) 

4.21 Average abundance 

Neave (1961) calculated gross estimates of 
abundance for the entire ocean population of 
Pacific salmon, on the basis of commercial 
catches in 1936-39. Disregarding the relatively 
small mass of fish which were in their first 
summer at sea, his estimates were: 

Species Mature stock Immature stock Total  
of Thousands  of  metric  tons 

salmon 

Chum 510 845 1,355 
Sockeye 236 300 536 
Pink 790 790 
Chinook 42 55 97 
Coho 58 58 
Masu 24 24 

1,200 2,860 

Area 

Kotzebue Sound 
Yukon River 
Alaska Peninsula 
Kodiak Island 
Prince William 

Sound 
Southeastern 

Alaska Total 1,660 
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Table 33.--Mean fork length of immature and maturing chum salmon, by sex and age, in offshore 
waters of the North Pacific Ocean and Bering Sea--samples from U.S. research vessel catches 
for 1955-611  

Month Age 

Fish sampled Mean fork length Percentage of catch 

Immature Maturing 
Immature Maturing 

Total Immature  Maturing 
Female Male Female Male 

Number Number 

 

Cm. 

 

Percent  Percent  

  

May 0.1 0 0 -- -- -- -- -- -- -- 
0.2 62 63 47.1  48.2  52.4 51.6  49.8 2.2 2.2 
0.3 473  1,627  48.4 49.8  53.0 54.9  52.8 16.5 56.8 
0.4 53 555  50.3 54.1  56.1 57.8  56.3 1.8  19.4 
0.5 3 26 --  54.5  55.4 56.4  55.5 0.1 0.9 

Total 53.4 20.6 79.3 

June  0.1 109 0 32.8  33.5 -- --  33.1 1.2 -- 
0.2 705 525  44.9 46.2  53.3 53.1  48.9 8.1 6.0 
0.3  2,264  3,764  48.8 50.6  55.0 56.2  53.3 26.0  43.2 
0.4 173  1,129  50.4 53.4 56.7 57.8  56.4 2.0  12.9 
0.5 3 49 --  53.9  57.7 61.6  58.3 <0.1 0.6 

Total 52.9 37.3 62.7 

July  0.1  2,849 0  31.8 37.5 --  -- 32.2 24.4 3.8 
0.2  4,590 443 46.1  47.4  52.8 52.1  47.3 39.3 15.1 
0.3  1,611  1,762  50.2 52.4 55.3 56.6  53.7 13.8 2.6 
0.4 71 304  52.8 54.9  57.2 57.9  56.7 0.6 0.3 
0.5 3 32 --  55.9  56.9 59.1  57.3 <0.1 -- 

Total 45.8 78.1 21.8 

Aug.  0.1 956 0  40.4 41.3 -- --  40.9 16.2 -- 
0.2  3,343 267  49.0 50.1  54.8 56.7  50.0 56.7 4.5 
0.3 696 529  51.3 54.2  57.1 58.5  55.0 11.8 9.0 
0.4 45 54  52.8 55.9  57.8 59.9  56.8 0.8 0.9 
0.5 3 2 -- 53.6 56.9 -- 55.6 0.1 <0.1 

Total 49.7 85.6 14.4 

Sept.  0.1 125 0  41.8 42.6 -- --  42.2 18.6 -- 
0.2 227 40  49.9 52.0  58.7 58.5  52.0 33.8 4.3 
0.3 235 5  53.1 54.8 61.4 59.9  55.1 35.0 6.0 
0.4 10 0  56.3 57.9  57.2 -- 57.3 1.5 0.7 
0.5 0 0 -- -- -- -- -- -- 

Total 51.6 88.9 11.0 

1  Data on file, Bureau of Commercial Fisheries, Biological Laboratory, Seattle, Wash. 98102. 
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Table 34.--LENGTH composition, by age, of chum 
salmon in the western North Pacific Ocean 
and Bering Sea as estimated from catches of 
the Japanese MOTHERSHIP fishery (KONDA, 1966) 

Fork length 
Age 

10.2 0.3 0.4 

Cm. Percent Percent Percent 

38 
39 
40 

41 
42 
43 
44 

0.1 
0.3 
0.9 

2.1 
3.9 
8.6 
9.7 

45 11.7 0.1 

46 12.3 0.3 
47 11.7 0.9 
48 11.1 2.1 0.3 
49 8.4 3.9 0.5 
50 6.4 8.6 2.2 

51 4.9 9.7 2.9 
52 3.0 11.7 4.9 
53 2.3 12.3 7.5 
54 1.2 11.7 9.5 
55 0.7 11.1 13.0 

56 0.4 8.4 12.1 
57 0.2 6.4 11.3 
58 0.1 4.9 10.2 
59 -- 3.0 8.0 
60 2.3 7.4 

61 1.2 3.7 
62 0.7 2.6 
63 0.4 1.6 
64 0.2 1.0 
65 0.1 0.7 

66 0.3 
67 0.1 
68 0.1 
69 0.1 

Mean length 46.8 53.8 56.4 

1  The length composition for age 0.2 fish 
was estimated from the length composition of 
the age 0.3 fish by assuming an annual in-
crease in length of 7 cm. 

Neave noted that seasonal abundance reaches 
its maximum shortly before maturing fish 
leave the ocean and its minimum immediately 
thereafter. These figures are based on a 
period of high general abundance; estimates 
for recent years would be lower. 

4.22 Changes in abundance 

Extreme fluctuations in abundance have 
characterized chum salmon populations (Hoar, 
1951; Birman, 1957; Neave, 1966). Before 1930, 
chum salmon had low abundance in 1918-22 in 
British Columbia (Hoar, 1951) and in 1914-21 
in the Amur River (Birman, 1957). After 1930, 
total commercial catches (fig. 10) indicated 

Figure 10.--Commercial catches of chum salmon in Asia 
and North America (data from section 5.43). 

that abundance of Asian stocks was high 
(43-64 million fish) from 1934 to 1941, low 
(17-32 million fish) from 1942 to 1953, and 
high again (30-50 million fish) from 1954 to 
1960. North American catches fluctuated be-
tween 9 and 19 million fish from 1931 to 1954 
and between 6 and 11 million fish from 1955 
to 1961. 

These fluctuations may originate in fresh 
or salt water. Neave (1966) showed that 
survival from the egg to migrant fry has varied 
from 0.08 to 13.6 percent (170-fold) in one 
stream and from 0.96 to 22 percent (23-fold) 
in another. These fluctuations are large enough 
to produce substantial changes in abundance 
between consecutive generations; in British 
Columbia the abundance of a year class of 
adult fish and their progeny has varied as 
much as 4 to 1. Fluctuations in abundance have 
also been caused by changes in temperature 
and salinity of coastal waters during the 
inshore residence of young chum salmon 
( Wickett, 1958; Birman, 1959). 

4.23 Average density 

Neave (1961) calculated gross estimates of 
the total biomass of Pacific salmon for 1936-39 
(see section 4.21). On the basis of these 
figures and his estimates of the ocean area 
occupied by considerable numbers of salmon 
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Table 35.--Length composition, by locality, age, and sex, of some chum salmon poplations on the North American coast
1  

Area Year 
Fish 

sampled Statistic 
Age 0.2 Age 0.3 Age 0.4 

Total 
Source 
of data 

Female Male Female Male Female Male 

Alaska: 
Number 

Yukon River 1920 448 Percentage age 
composition 

1.6 1.8 31.5 36.6 9.4 19.2 100 Gilbert (1922). 

Length (cm.) 
Range 53-62 58-62 56-70 60-76 61-72 61-80 53-80 
Mean 58.4 61.0 62.1 67.1 65.2 71.7 66.0 
S.D. 2.59 3.02 2.74 3.45 -- 

British Columbia: 
Qualicum2  1917 506 Percentage age 

composition 
18.4 18.6 16.4 45.9 0.0 0.6 100 Fraser (1921). 

Length (cm.) 
Range 58-70 61-72 67-79 66-84 76-83 58-84 
Mean  65.8 67.6 71.0 74.0 78.3 
S.D. 2.03 2.62 

Nanaimo2  1917 379 Percentage age 
composition 

39.6 30.6 14.0 15.6 0.0 0.3 100 

Length (cm.) 
Range 56-71 58-72 66-75 70-80 -- 56-80 
Man 65.8 67.5 70.9 73.9 78.7 68.3 
S.D. 2.62 2.79 1.80 2.31 -- -- 

Chemainus2  1917 139 Percentage age 
composition 

43.9 46.8 6.5 2.9 0.0 0.0 100 

Length (cm.) 
Range 55-69 57-72 66-74 70-75 55-75 
MEan  61.7 63.5 70.8 72.4 63.4 
S.D. 2.21 3.12 

Washington: 
Bellingham Bay 1910 57 Percentage age 

composition 
17.5 36.8 15.8 29.8 0.0 0.0 100 Gilbert (1913). 

Length (cm.) 
Range 58-74 58-76 69-74 66-84 58-84 
Mean 63.5 68.8 70.3 76.0 88.9 70.6 
S.D. 5.51 7.26 

Columbia River 1914 518 Percentage age 
composition 

34.6 35.9 13.1 15.6 0.0 0.8 100 Marr (1943). 

Length (cm.) 
Range 60-79 66-88 66-81 69-92 80-82 60-92 
Mean 70.0 75.8 74.9 80.6 76.3 74.4 
S.D. 3.07 4.06 3.89 5.51 

Oregon: 
Tillamook Bay3  1949 287 Percentage age 

composition 
1.0 4.2 47.8 46.7 0.3 0.0 Henry (1954). 

Length (cm.) 
Range 62-69 64-79 64-77 62-89 56-91 
Mean 64.8 70.8 70.9 76.9 71.1 72.7 
S.D. 2.08 4.09 2.44 4.42 

1  Mean lengths and standard deviations of mean for age and sex categories were calculated by Mhrr  (1943) and Henry 
(1954). 

2  Fraser excluded the caudal rays in his measurements. 
3  Length data by age and sex for 1949 from Henry (1954); total length data are for 1947-50 and 1959-61 from Oakley 

(1966). 
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Male Female 

Age 0.5 Authority 

0 
0.3 0.2 

0 

0 
0 

Mattson and 
Rowland (1963; 
see footnote 
4); Mattson 
et  al.  (1964; 
see footnote 
5). 

Area and 
year 

Fish 
sampled 

Mean lengths (cm.) Percentage age composition 

Age 0.2 Age 0.3 Age 0.4 Age 0.5 Age 0.2 Age 0.3 Age 0.4 

Female Male Female Male Female Male Female Male Female Male Female Male Female Male 

Kotzebue Sound 
Number Cm.  Percent 

1962 58 54.7 53.1 58.4 61.0 62.0 62.8 64.5 5.9 1.4 50.0 13.3 17.7 10.3 
1963 255 52.3 55.9 59.5 61.2 61.8 66.2 60.2 62.0 18.0 14.6 32.5 14.9 13.7 5.1 
1964 463 56.8 58.1 60.2 61.9 61.7 64.0 29.4 26.3 26.1 16.4 0.9 0.9 
1965 480 55.6 57.6 59.0 60.4 59.6 61.0 1.0 1.7 54.6 37.7 2.3 2.7 

Yukon River 
19621  915 50.5 54.0 54.7 56.7 56.6 59.2 1.2 0.7 40.0 28.9 14.2 14.4 
1963 650 50.3 51.3 54.7 56.6 57.5 59.2 58.0 61.0 3.7 2.3 51.5 31.8 4.8 5.4 
1964 268 53.8 57.4 57.8 58.8 57.8 62.0 -- -- 20.9 12.3 38.4 24.6 2.2 1.5 
1965 486 51.5 - 55.2 58.4 60.0 62.6 -- 0.2 0 41.7 55.6 0.4 2.1 

Alaska Peninsula 
1951 144 - 55.0 58.2 58.9 59.2 62.3 -- 4.9 9.7 29.9 30.6 13.9 11.1 
1952 230 55.7 56.4 59.9 61.2 62.5 - -- 8.6 25.0 36.6 21.6 4.7 3.4 
1953 551 58.1 58.1 58.1 60.7 60.5 63.1 -- 9.0 9.9 34.8 33.2 6.9 6.1 
1954 2,403 55.0 56.7 59.7 61.1 62.7 64.0 -- 1.9 7.6 35.2 35.0 11.0 9.4 
1955 561 53.0 53.6 58.2 60.4 60.9 63.0 -- 1.8 5.3 42.4 39.9 5.5 5.0 
1956 1,579 54.0 54.6 57.8 59.2 60.3 62.4 -- 1.2 2.6 46.7 45.3 2.0 2.2 
1957 667 53.3 55.8 58.4 60.5 60.7 62.4 -- 2.1 4.2 31.9 30.7 15.1 15.9 

Kodiak Island 
1948 232 57.1 59.4 59.6 62.2 64.7 3.4 6.4 29.6 27.0 18.0 15.5 
1949 316 - 58.8 60.3 60.9 63.1 1.3 1.3 34.5 31.0 12.5 19.4 
1950 113 59.8 61.7 62.8 65.2 1.8 0.9 32.7 33.6 15.0 15.9 
1951 35 - - - 65.1 61.5 - 2.9 2.9 11.4 31.4 31.4 20.0 
1955 314 63.4 66.6 64.8 68.1 0 1.3 27.4 25.8 26.1 19.4 
1956 75 61.0 61.2 - - 1.3 1.3 44.0 44.0 4.0 5.3 
1957 283 61.4 63.0 62.3 66.3 1.4 4.7 35.4 42.2 8.1 8.3 

Prince William Sound 
1952 186 59.3 60.6 63.4 64.4 66.9 68.1 0 0 9.1 14.4 21.9 25.1 17.1 12.3 
1953 818 58.1 56.5 61.8 63.4 65.1 65.3 2.3 6.1 39.6 36.9 6.1 9.0 
1954 99 57.5 56.9 62.5 64.7 - - 15.0 30.0 25.0 20.0 3.0 7.0 
1955 55 - - 62.9 63.8 - - 3.6 7.3 41.8 40.0 3.6 3.6 
1956 616 57.3 56.4 59.8 60.1 - 63.3 2.3 8.8 46.5 39.7 1.0 1.8 
1957 216 - 62.3 62.3 62.5 64.7 62.8 1.4 5.5 36.7 35.3 11.0 10.1 
1958 140 59.7 61.2 62.9 - - 5.7 9.9 37.6 39.0 2.8 5.0 

Southeastern Alaska 
1962 378 68.1 70.8 68.7 71.3 0 0 27.5 36.8 16.7 19.0 
1963 286 63.7  64.1 66.6 68.6 68.5 70.8 2.4 6.3 29.7 46.9 5.9 8.7 

0 1.4 Regnart et al. 
0.8 0.4 (1967). 
0 0 
0 0 

0  0 Thorsteinson 
0 0 et al.  (1963). 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0  0 Thorsteinson 
0 0 et al.  (1963). 
0 0 
0 0 
0 0 
0 0 
0 0 

Table 36. --Mean  lengths (mideye to fork of tail) by year, age, and sex, and percentage age composition of some chum salmon populations in Alaska 

1  Percentage age camposition  does not add up to 1C0  percent because a small  percentage of the data was listed as unknown  in the original 
source. 

(7,500,000 km.2 ), the average density of salmon 
in the ocean for this period was estimated 
as follows: 

Nature of estimates Chum All salmon  
salmon  

Kg./km.  2 Kg./km.2  

Seasonal minimum 
(immature stock) 110 160 

Seasonal maximum 
(total stock) 180 380 

Mature stock 70 220 

Because chum and other species of salmon 
were at a high level of abundance in 1936-39, 
average density in more recent years wouldbe 
lower. 

4.24 Changes in density 

World catches of chum salmon (see sec-
tion 5.43) indicate that density in the ocean 
and in fresh water have changed considerably 
during the history of the fishery. The density 
of females in spawning areas of British 
Columbia has ranged from 1 female in 0.25 m. 2  

to 1 female in 1,400 m.2  (Wickett, 1958); it 
has ranged from 1 female in 0.3 m.2  to 1 
female in 10.1 m.2  in the Karymaisky  Spring 
of the Bolshaya River, U.S.S.R. (Semko, 1954). 

4.3 Natality and recruitment  

4.31 Reproduction rates 

No annual rates of egg production exist for 
the population as a whole, but some estimates 
are available for specific streams (Semko, 
1954; Soin, 1954; Parker, 1962; Levanidov, 
1964; Lister and Walker, 1966) (See section 
3.15 for fecundity). The most comprehensive 
data available are for the Japanese islands of 
Hokkaido and Honshu, where an intensive 
program of artificial propagation is carried 
out; about 57 percent of the adults that enter 
Hokkaido streams are diverted to hatcheries 
(Japan Fisheries Resource Conservation As-
sociation, 1966). Egg production from artifici-
ally spawned fish has ranged from 168 million 
to 772 million in Hokkaido for 1945-65 and 
from 42 million to 158 million in Honshu for 
1954-64 (see section 6.51). 
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Survival rates from the egg to fry stage for 
various types of environment are presented 
in table 37. Survival has usually averaged less 
than 10 percent in natural streams; although 
it averaged as much as 28  percent in the Memu 
River, Japan, over 3 years (Nagasawa and 
Sano, 1961). Survival has been increased in 
natural streams by control of stream flow 
(table 37). In Nile Creek, British Columbia, 
survival was increased from 1.5 to 7.5 per-
cent after regulation of the flow. In the Big 
Qualicum River, British Columbia, survival 
was increased from 11 to 25 percent. 

In Asian hatcheries, egg-to-fry survival has 
been about 70 to 90 percent. The rate of return 
of adults from hatchery-released fry does not 
increase in proportion to the increase in egg-
to-fry survival, however. The Japan Fisheries ,  
Resource Conservation Association (1966) esti-
mated that mortality of hatchery fry, from the 
time of their release as fry until their return 
as adults, was about twice that of naturally 
produced fry. 

Estimates of return per spawner are given 
in table 38. For central and southeastern 
Alaska, the estimates indicate that reproduc-
tion rates have declined from about 3 to 4 
returns per spawner for 1920-29 to about 1.5 
to 2 returns per spawner for 1950-59. The 
return per spawner in the Johnstone Strait 
area of British Columbia was similar to that 
in central and southeastern Alaska. Estimates 
for Hokkaido chum salmon (Japan Fisheries 
Resource Conservation Association, 1966), 
including returns from artificial and natural 
spawning, averaged about four returns per 
spawner for 1931-49 and increased to six 
returns per spawner in the 1950's. The in-
crease was attributed to improved hatchery 
techniques. 

4.32 Factors that affect reproduction 

Neave (1953) separated factors that influ-
ence population levels into three categories: 
(1) compensatory mortality which becomes 
relatively heavier as the density of the popula-
tion increas es, (2) depensatory mortality which 
becomes relatively greater as the population 
decreases, and (3) extra-pensatory mortality 
which is independent of population density. 
Compensatory mortality occurs primarily 
during the period of reproduction. When adults 
are crowded in spawning areas, interference 
between fish may result in egg retention, 
removal of eggs from the gravel by later 
spawners, displacement of adults into un-
favorable spawning areas, and mortality of 
eggs during incubation because of the inability 
of the streambed environment to meet bio-
logical needs. 

Depensatory mortality, which is inversely 
related to population density, occurs primarily 
during fry migration. Predators take a rela-
tively fixed number rather than a percentage 
of downstream migrants. Thus, the percentage 
mortality decreases with increasing numbers 
of fry migrants. 

Extra-pensatory mortality may be caused 
by fishing and by environmental conditions such 
as extremes of stream flow and temperature. 
The specific effects of various factors on re-
production are discussed in section 4.42. 

4.33 Recruitment 

Historically the salmon fishery has operated 
near the coast and in rivers where the fish 
are concentrated during their spawning migra-
tion. In addition to being more easily caught, 
the fish have reached their maximum size. 

Since 1952, the Japanese have developed a 
high-seas fishery which takes maturing fish 
several weeks before they normally reach 
coastal waters; it also takes some immature 
fish. See section 5.3 for fishing seasons. 

Estimates by Neave (1961) for 1936-39 in-
dicated that the annual recruitment of chum 
salmon to the fishable stock was 510,000 
metric tons. The annual catch for this period 
was estimated to be 275,000 metric tons. 
Recent catch figures indicate that present 
recruitment levels are much lower. From 1961 
to 1964, world catches of chum salmon have 
varied from about 134,000 to 149,000 metric 
tons (Food and Agricultural Organization 
[FAO], 1965a).  

4.4 Mortality and morbidity 

4.41 Mortality 

Parker (1962) estimated total and instan-
taneous mortality for one population of chum 
salmon throughout its life history (table 39). 
Parker states that his estimates were based 
on assumptions for which little information 
was available. Mortality was highest (at least 
on a per-month basis) during the juvenile 
coastal period, and next highest during the egg 
to fry stages in fresh water. Mortality was 
much lower in the other life stages. 

Mortality for the total marine period of life, 
including fishing mortality, was estimated to 
range from 97.4 to 99.2 percent for chum 
salmon from Hook Nose Creek (Hunter, 1959). 
Levanidov (1964) estimated total marine and 
fresh-water mortality for summer run chum 
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Table 37.--Survival of chum salmon  in early stages of development in natural and artificial 
environments 

[Percentage survival calculated from potential egg deposition] 

Method of Survival 
Location Years measuring Authority 

survival Range Mean 

Number Percent Percent 

Natural stream environment 

Big Qualicum River, Canada 

Nile Creek, Canada 
Hook Nose Creek, Canada 

Karymaisky  Spring, Bolshaya 
River, U.S.S.R. 

Khor River, U.S.S.R.  

4 Downstream 
migrant fry 
counts. 

4 do. 

14 do. 

7 do. 

Examination 25.0-30.0  
of redds at 
hatching. 

Levanidov  (1954). 

5.0-17.0 11.2 Lister and Walker 
(1966). 

0.1- 7.0 1.5 Wickett (1952). 
1.0-22.0 8.5 Parker (1962). 

0.7- 4.2 2.4 Semko (1954). 

Five tributaries of the 7 2.0-12.0 Levanidov (1964). 
Amur River, U.S.S.R. 

Menu River, Japan 3 Downstream 16.2-34.4 27.6 Nagasawa and Sano 
migrant fry (1961). 
counts. 

Controlled stream environment 

Abernathy Creek spawning 1 Downstream 82.1 Bur. Commer. Fish.' 
channel, United States. migrant fry 

counts. 

Jones Creek spawning channel, 
Canada. 

Nile Creek (natural stream 
protected from floods), 
Canada. 

Big Qualicum River (natural 
stream with controlled 
flow), Canada. 

Hatcheries  

Teplovsky  Hatchery, Amur 
River, U.S.S.R. 

Adatymovsky  Hatchery, 
Sakhalin Island, U.S.S.R. 

Ushkovsky  Hatchery, 
Kamchatka, U.S.S.R. 

Karymaisky Incubator, 
Bolshaya River, U.S.S.R. 

Hokkaido (49 hatcheries) 

Honshu (19 hatcheries) 

1  do. 30.0 

4 do. 3.4-11.8 7.5 

2 do. 24.5-25.2 24.9 

18 Count of fry 73.1 

17 do. 74.1 

11 do. 68.2 

1  do. 42.0 

20 do. 82.3-91.1 

7 do. 85.3-92.8 

Trade News (1956). 

Wickett (1952). 

Lister and Walker 
(1966). 

Semko (1954). 

Do. 

Do. 

Do. 

Japan Fisheries Re-
source Conserva- 
tion Association 
(1966). 

Do. 

1  Data on file, Bureau of Commercial Fisheries, Biological Laboratory, Seattle, Wash. 98102. 
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TABLE 38.--Estimates OF RETURNS PER SPAWNER FROM AREAS IN NORTH AMERICA AND ASIA 

ITEM AREA AND AUTHORITY 

CENTRAL ALASKA 

TAGUCHI (1965a) 
SOUTHEASTERN ALASKA 

TAGUCHI (1965a)  

BRITISH COLUMBIA 

( JOHNSTONE STRAIT) 

RICKER  AND 

Manzer (1967) 

HOKKAIDO  HONSHU 

JAPAN FISHERIES 

RESOURCE CONSERVATION 

ASSOCIATION (1966) 

METHOD OF USED ESTIMATED USED ESTIMATED ESTIMATED COUNT COUNTED  COUNTED 
ESTIMATING FISHING FISHING MORTALITY OF SPAWNERS HATCHERY  HATCHERY 

ESCAPEMENT MORTALITY OF 
0.5 

OF 0.5 AND 0.65 SPAWNERS;  SPAWNERS 

ESTIMATED 

NUMBER OF 

NATURAL 

SPAWNERS 

TYPE OF 

REPRODUCTION 

NATURAL NATURAL NATURAL ARTIFICIAL  ARTIFICIAL 

AND NATURAL 

YEARS 

1920-29 
RANGE . 8-11. 0 0.6-9.6  0.9-13.2 
MEAN 4.0 2.7  3.8 

1930-39 
RANGE 1.6-4.4  1.1-4.0  1.5-5.8 2.4-6.4  
MEAN 2.5 2.4  2.4 4.2 

19140-149  
RANGE 1.3-2.5 1.0-3.0  1.4-4.2 -  2.3-6.9 
MEAN 1.9 2.0  2.8  3.8 

1950-59 
RANGE 1.0-2.8 0.7-1.9  1.0-2.7 0.2-3.8  4.4-8.8  2.1-7.3 
MEAN 2.0 1.4  1.9 1.8  6.0  14.9 

1960-62 
RANGE 0.7-1.7 
MEAN 1.2 

MEAN FOR 

ALL YEARS 2.6 2.1  3.0 1.7  4.7  4.9 

SALMON  IN 

FOLLOWS: 

FIVE AMUR RIVER TRIBUTARIES  AS FISHING MORTALITY HAS BEEN ESTIMATED FOR A 

FEW COASTAL AREAS AND TIME PERIODS: 

YEAR FRY TO 

ADULT 

PERCENT 

EGG TO 

ADULT 

PERCENT 

AREA Year(s) 
FISHING 

MORTALITY 

PERCENT 

AUTHORITY 

1955 98.50 99.98 AMUR RIVER 

(SUMMER FISH) 1950-53 50-55 Levanidov (1964) 
1956 96.80 99.82 JAPAN 1955-58 75 COMMITTEE ON BI- 

OLOGY  AND  RE- 
1957 97.10 99.62 SEARCH (1961) 

BRITISH COLUMBIA 1958 98.20 99.82 
CENTRAL COAST 1934-49 40-50 Neave (1966) 

1960 96.90 99.89 JOHNSTONE STRAIT 1949, 1950, 50-52 DO,  

1953 
MEAN (OVER 4 YEARS) 97.50 99.79 OREGON 

TILLAMOOK BAY 1953 39 OAKLEY (1966) 
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some Russian streams reached 25 to 30 mg./1. 
( Levanidov, 1954). CO 2  measured in natural 
streams has not been shown to influence egg 
survival. 

TABLE 39. - -ESTIMATED MORTALITY FOR CHUM SALMON 
FROM HOOK NOSE CREEK, BRITISH COLUMBIA, DUR-
ING VARIOUS LIFE STAGES (PARKER, 1962) 

LIFE HISTORY MONTHS SURVIVAL 

INSTAN- 
TANEOUS 

MORTALITY RTALITY 
( i)1 

PERCENT 

EGG - FRY 7 7.8 2.55 
COASTAL (JUVE- 

NILE) 
5 5.4 2.91 

PELAGIC 34 56.6 0.57 
COASTAL (ADULTS) 2 93.0 0.07 
FISHING -- 35.0 1.05 

TOTAL 48 0.08 7.15 

1  INSTANTANEOUS MORTALITY (I) = LOG,  (N2/1\11)  
WHERE NI  AND N2 ARE THE NUMBERS OF FISH PRESENT 
AT TIMES 1 AND 2. 

4.42 Factors causing or affecting 
mortality 

Egg mortality.--Most of the mortality from 
egg fertilization to early fry stage occurs 
while eggs are incubating in the gravel. Hunter 
(1959), who examined redds in Hook Nose 
Creek, British Columbia, found that loss of 
eggs and alevins was 93.6 and 97.9 per-
cent in two year s. Of there losses 95.9 per-
cent occurred in the pre-eyed stage. In some 
southeastern Alaska streams, mortality before 
hatching exceeded 93 percent (McNeil, 1962). 
Levanidov (1954) found mortality to the alevin 
stage to be 70 to 75 percent in the Khor River, 
U.S.S.R. 

Environmental factors which may influence 
egg survival of chum salmon are discussed in 
alphabetical order. 

Ammonia is a metabolic product of egg 
respiration which has been suggested (McNeil, 
1966) as possibly reaching toxic concentrations 
when the density of eggs and larvae is high 
and the circulation of intragravel water is 
poor. Ammonia is the most toxic metabolite 
of eggs. 

Carbon dioxide is another metabolic product 
of eggs. High levels of CO 2  (>125 mg./1.  
milligrams per liter)) in laboratory experi-
ments produced mortality of developing eggs 
by inhibiting the uptake of oxygen (Alderdice 
and Wickett, 1958). Oxygen uptake was inde-
pendent of CO2  below about 125 mg./1. 

The range of free CO2  in spawning gravel 
of some southeastern Alaska streams was 2 to 
24 mg./1.  (McNeil, 1962). Intragravel CO2  in 

Drought may cause egg mortality directly 
by leaving redds dry (Smirnov, 1947; Levani-
dov, 1954; Neave, 1953) or indirectly by 
allowing other mortality-causing factors to 
operate. McNeil (1966) and Wickett (1958) 
found low oxygen and exceptionally high egg 
mortality when stream discharge was low 
during and after spawning. Low stream flow 
led to poor egg survival of the same brood 
year (1958) in British Columbia, southeastern 
Alaska, and the Amur River (Ricker and 
Manzer, 1967; McNeil, 1966; Levanidov, 1964). 
In British Columbia, the poor survival was 
attributed to low discharge and high water 
temperatures in the fall and in southeastern 
Alaska and the Amur River, to freezing at low 
water levels in the winter. 

Erosion of eggs and young fish from the 
streambed by floods has long been recognized 
as a cause of mortality during incubation 
( Neave, 1947; Wickett, 1958; Smirnov, 1947). 
In some southeastern Alaska streams (McNeil, 
1966), erosion and shifting gravel destroyed 
50 to 90 percent of eggs and larvae in some 
years. Flooding during the last month of the 
incubation season in Minter Creek, Wash., 
reduced fry survival to less than 50 percent 
of the expected survival (Smoker, 1956). 11  

Freezing during periods of low flow can 
destroy large numbers of incubating eggs. 
McNeil (1966) concluded that freezing de-
stroyed up to 65 percent of the eggs in one 
southeastern Alaskan stream in 1  year. In 
tributary streams of the Amur River in the 
U.S.S.R., freezing in some years resulted in 
95-percent mortality (Levanidov, 1954). Smir-
nov  (1947) reported that freezing of water to a 
depth of 1 m.  caused complete egg mortality 
in other U.S.S.R. streams. 

Light is detrimental to chum salmon em-
bryos which normally develop in total dark-
ness within the streambed. Direct sunlight is 
fatal, according to Disler (1953), and indirect 
sunlight slows the rate of embryo develop-
ment (Soin, 1954). The harmful effects of light 
decrease as the embryo grows. Soin (1954) 
found greater mortality of eggs and lower 
vitality of fry when eggs were incubated in 
light than when they were incubated in dark-
ness. 

11Smoker, William A. 1956. Preliminary  report on 
Minter Creek biological studies. Part H.  Effects of 
Minter Creek stream flows on the juvenile production of 
silver salmon, chum salmon, and steelhead trout. Wash. 
Dep. Fish., 12 pp. text, [8 pp.]  figs. (Processed.) 
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LOW OXYGEN CONCENTRATIONS ARE FREQUENTLY 
MENTIONED AS A CAUSE OF EGG MORTALITY. IN 
LABORATORY EXPERIMENTS, ALDERDICE ET AL. 
(1958), EXPOSED CHUM SALMON EGGS TO VARIOUS 
CONCENTRATIONS OF DISSOLVED OXYGEN FOR 7 DAYS 
AT DIFFERENT STAGES OF DEVELOPMENT. THEY CON-
CLUDED THAT EGGS WERE MOST SENSITIVE TO 
HYPOXIA AT 100 TO 200 CENTIGRADE DEGREE-DAYS 
AND COMPENSATED FOR REDUCED AVAILABILITY OF 
OXYGEN BY REDUCING THE DEMAND FOR OXYGEN 
AND RATE OF DEVELOPMENT. LOW OXYGEN AT EARLY 
INCUBATION STAGES PRODUCED MONSTROSITIES. EGGS 
SUBJECTED TO LOW DISSOLVED OXYGEN JUST BEFORE 
HATCHING HATCHED PREMATURELY AT A RATE DE-
PENDENT ON THE DEGREE OF HYPOXIA. CRITICAL 
LEVELS OF DISSOLVED OXYGEN THAT WERE CALCU-
LATED APPEARED TO DEFINE THE VALUE ABOVE WHICH 
RESPIRATORY RATE IS UNMODIFIED BY AVAILABILITY 
OF OXYGEN. CRITICAL LEVELS RANGED FROM ABOUT 
1  P.P.M. IN EARLY STAGES TO OVER 7 P.P.M. 
SHORTLY BEFORE HATCHING. THE AUTHORS SUG-
GESTED THAT THESE "CRITICAL LEVELS" COULD BE 
REGARDED AS A MEASURE OF OXYGEN REQUIRE-
MENT FOR SUCCESSFUL INCUBATION UNTIL INFORMA-
TION TO THE CONTRARY IS AVAILABLE. 

UNDER NATURAL CONDITIONS, WICKETT (1954) 
LINKED HIGH MORTALITY OF CHUM SALMON EGGS 
WITH LOW OXYGEN AND SLOW WATER FLOW THROUGH 
THE GRAVEL. MCNEIL (1966) OBSERVED THAT LOWER 
DISSOLVED OXYGEN IN ONE STREAM ACCOMPANIED 
HIGHER EGG MORTALITY. SMIRNOV (1947) ALSO RE-
PORTED HIGH EGG AND FRY LOSSES IN A SOVIET 
STREAM WHERE OXYGEN DECREASED FROM 94.5 
PERCENT SATURATION (9.8 P.P.M.) IN OCTOBER TO 
7.0 PERCENT SATURATION (0.4 P.P.M.) IN FEB-
RUARY. 

THE PARASITIC FUNGUS SAPROLEGNIA  INFECTS 
EGGS IN NATURAL AND ARTIFICIAL ENVIRONMENTS 
(NEAVE, 1948; DISLER,  1953; SEMKO, 1954). 
SAPROLEGNIA  ESTABLISHES ITSELF INITIALLY ON DEAD 
EGGS (SEMKO, 1954); ONCE IT BEGINS TO DEVELOP, 
IT  SURROUNDS LIVE EGGS, WHICH SOON DIE. 
SAPROLEGNIA  IS CONTROLLED IN HATCHERIES BY 
TREATING THE EGGS WITH MALACHITE GREEN; ITS 
CONTRIBUTION TO MORTALITY OF EGGS IN NATURAL 
STREAM GRAVEL IS UNKNOWN. 

PERMEABILITY OF THE STREAMBED IS A MEASURE 
OF THE EASE WITH WHICH WATER CAN FLOW THROUGH 
THE GRAVEL. WHEN FINE MATERIALS SUCH AS SAND 
AND SILT ARE DEPOSITED ON THE STREAMBED, PER-

MEABILITY IS REDUCED. LOW PERMEABILITY IN-
FLUENCES SURVIVAL OF EMBRYOS BY REDUCING THE 
RATE AT WHICH OXYGEN-BEARING WATER IS CARRIED 
TO THE  EGGS. THE INFLUENCE OF PERMEABILITY OF 

STREAM GRAVEL ON SURVIVAL OF PINK AND CHUM 
SALMON IS ILLUSTRATED BY THE DATA FROM WICKETT 
(1958), COLUMN 2. 

PREDATORS CONSUME EGGS THAT ARE NOT DE-
POSITED IN REDDS OR ARE DUG UP BY LATER 
SPAWNERS. LEVANIDOV (1959) STATED THAT UN- 

Survival by 
species Years of 

STREAM PERMEABILITY12  of salmon observation 

CM./HOUR Percent Number 

Nile Creek 1,914 1.2, chum 8 

Morrison 
Creek 3,849 5.7, pink 2 

Hook Nose 
Creek 4,035 7.6, chum; 10 

7.2, pink 
McClinton 
Creek 9,617 13.2, pink 6 

DEPOSITED EGGS OF CHUM SALMON ARE AN IM-
PORTANT SOURCE OF FOOD FOR SOME SPECIES OF 
FISH IN TRIBUTARIES OF THE AMUR RIVER. LEVANI-
DOV  ESTIMATED THAT 20 TO 30 PERCENT OF THE 
SPAWNED EGGS ARE LOST TO FISH SUCH AS THE 
DOLLY VARDEN (SALVELINUS MALMA),  GRAYLING, 
LENOK,  AMUR IDE, AND SCULPIN (COTTUS  
POECILOPUS  ). IN ONE SOUTHEASTERN ALASKA STREAM, 
YOUNG COHO SALMON, RAINBOW TROUT (SALMO  
GAIRDNERI),  AND PRICKLY SCULPIN (COTTUS ASPER) 
ATE EGGS OF SPAWNING CHUM SALMON (REED, 
1967). THE EATEN EGGS WERE MAINLY DRIFT EGGS 
THAT WOULD PROBABLY HAVE DIED ANYWAY IF NOT 
TAKEN BY PREDATORS. REED CONSIDERED PRICKLY 
SCULPINS TO BE TRUE PREDATORS BECAUSE THE EGGS 
THEY TOOK DIRECTLY FROM THE REDD WERE EGGS 
THAT POTENTIALLY COULD SURVIVE. EGGS COVERED BY 
SEVERAL CENTIMETERS OF GRAVEL ARE THOUGHT TO 
BE PROTECTED FROM PREDATORS. 

SEA WATER OF 18 °/OO SALINITY AND BELOW DID 
NOT INHIBIT FERTILIZATION (ROCKWELL, 1956),INTHE 
LABORATORY, HE FOUND THAT EGGS HATCH IN A CONSTANT 
SALINITY OF 6 0/00; ALL DIED BEFORE HATCHING AT 
12 

0
/00  AND ABOVE; HOWEVER, NO MORTALITY DIF-

FERENCES WERE OBSERVED IN UP TO 30 °/OO  DUR-
ING THE FIRST 4 DAYS AT 5.8° C. LARVAE HELD 
IN A MILDLY SALINE SEA WATER (6 0 /OO)  HAD BET-
TER SURVIVAL, GROWTH, AND VIGOR THAN HIS CON-
TROLS IN FRESH WATER. THE ULTIMATE TOLERANCE 
INCREASED AS TEMPERATURE DECREASED. HE CON-
CLUDED FROM HIS EXPERIMENTS AND FIELD OBSER-
VATIONS THAT SEA WATER IN THE UPPER AND MIDDLE 
INTERTIDAL ZONE DOES NOT KILL EGGS THAT ARE 

IMMERSED FOR SHORT PERIODS AT LOW TEMPER-
ATURES. IN FIELD INVESTIGATIONS, BAILEY (1964; 
SEE FOOTNOTE 2) FOUND EGG-TO-FRY SURVIVAL TO BE 
HIGHEST IN THE UPPER LEVELS OF THE INTERTIDAL 
ZONE AND, IN GENERAL, PROGRESSIVELY LOWER UNTIL 
IT REACHED ZERO AT ABOUT THE 2-M.  LEVEL, WHICH 
WAS EXPOSED TO TIDEWATER 55 PERCENT OF THE 

1 2

Permeability (K) of STREAMBED gravel is defined by 
K= v  where V is the apparent velocity of the water in cm./ 
hour and S is the hydraulic gradient or slope of the water 
surface. Since the hydraulic gradient has no units, perme-
ability has the same units as velocity, I.E.CM./HOUR.  
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0-15 min.  

15 min.-2 hr. 

2-8 hr. 

8 hr. to 5 days 

6 days 

8-12 days 

15 days 

Before water hardening 

Water hardening 

Completion of water 
hardening to cell 
division 

Beginning of cell 
division to formation 
of caudal knob 

Early embryo formation 
(caudal knob visible) 

Embryonic streak 
visible 

Closure of blastopore 

18 days to hatching Closure of blastopore 
to hatching 

time. Sea water was not definitely identified 
as the cause of the mortality. 

Sedimentation was reported to be an im-
portant cause of egg mortality by many in-
vestigators (Smirnov, 1947; Neave, 1953; 
Levanidov, 1954; Semko, 1954; Soin, 1954; 
Wickett, 1954; McNeil, 1966). Sediment accu-
mulates in spawning areas and fills the inter-
spaces between gravel so that water does not 
move easily through the gravel. Salmon eggs 

Time after Stage of development 
fertilization 

may die when the intragravel water moves so 
slowly that insufficient oxygen is carried to 
the eggs and lethal amounts of waste products 
from the eggs are not carried away. 

Shock was studied by Smirnov (1955)by sub-
jecting eggs to mechanical agitation at various 
stages of development. The eggs developed in 
water temperatures from 8.00  to 9.60  C. 
Results were as follows: 

Sensitivity and range in percentage 
mortality in two tests 

Highly resistant to shock (0.5 - 0.9) 

Highly sensitive to shock (8.6 - 89.0) 

Resistant to shock (1.0 - 18.2) 

Moderate sensitivity to shock (3.5 - 
17.4) 

Marked increase in sensitivity to shock 
(18.5 - 32.5) 

Resistant to shock (1.6 - 17.8) 

Sensitive to shock (20.5 - 24.7) 

Resistant to shock (0.0 - 1.2) 

Smirnov noted that eggs were highly resistant 
to shock after closure of the blastopore (18 
days and 174 C.-degree-days); this stage was 
reached before eye pigmentation (22 days and 
211.5 C.-degree-days), when fish culturists 
normally consider eggs to be resistant to 
handling. He did not find any increased mor-
tality from shock just before hatching. 

Superimposition of redds by later spawners 
removes previously deposited eggs from the 
gravel and is an important cause of egg mor-
tality in some areas. McNeil (1962) estimated 
that as much as 50 percent of the egg losses 
could be attributed to this cause in years of 
high spawning density. In another study, when 
densities of spawners (chum and pink salmon) 
exceeded 5 females per 1 m. 2,  the additional 
females dislodged about as many eggs as they 
deposited [Thorsteinson, 1965 (see footnote 8)].  
A decrease in density of chum salmon eggs in 
the gravel as the season progressed was also 
noted and was attributed to superimpositionby 
later spawning pink salmon. The carrying 
capacity of the gravel (defined as the number  

of eggs deposited in the streambed which is 
not substantially increased by additional 
spawning) was estimated at 5,000 eggs per 
1 m.2 .  This egg density could be reached by 
four female spawners per 1 Thorsteinson 
(1965; see footnote 8) also found evidence that 
two to four females (chum and pink salmon) 
commonly spawned at the same site in Olsen 
Creek, Alaska, and occasionally as many as 
seven females spawned at the same site. 

Fry mortality.--Possible causes of mor-
tality of fry in fresh water are lack of an 
adequate food supply, adverse physical condi-
tions of the environment, and predation. Little 
is known of the influence of food supply and 
physical conditions on mortality. The number 
of fry consumed by predators within a stream 
is more or less constant, but the percentage 
mortality varies with the size of the migration 
(Neave, 1953; Hunter, 1959). Neave also con-
cluded that the percentage mortality from 
predation increases with the distance over 
which the fry travel and increases during the 
migration. 
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Predators of chum salmon fry, as listed by 
Abramov (1949), Hunter (1959), Levanidov 
(1959), and Sano (1966) were: 

Coho salmon 
Sockeye salmon 
Dolly varden 
Cutthroat trout (Salmo clarkii 

clarkii) 
Steelhead trout (Salmo  

gairdneri) 
Aleutian sculpin (Cottus  

aleuticus) 
Prickly sculpin 

Taimen (Hucho taimen) 

Lenok 

Most of the above predators had one or two 
fry in their intestines during the period of fry 
migration (Levanidov, 1959; Hunter, 1959). 
Young coho salmon in some British Columbia 
streams averaged two to four fry per stomach 
(Hunter, 1959; Pritchard, 1936). Hunter (1959) 
found the average number of fry per stomach 
to increase with the size of the predator. 

Predators ate an estimated 23 to 85 percent 
of the salmon fry (chum and other species of 
salmon) in Hook Nose Creek, British Columbia 
(Hunter, 1959), and from 20 to 84 percent in a 
tributary of the Bolshaya River, U.S.S.R. 
(Semko, 1954). 

Juvenile and adult mortality.--Predators of 
salmon during their ocean residence were 
listed in section 3.23. Spalding (1964) esti-
mated that sea lions and harbor seals near 
British Columbia eat 1.8 million kg. of salmon 
annually or about 2.5 percent of the average 
commercial catch in British Columbia. Spald-
ing concluded that predation of this magnitude 
was of negligible importance in the reduction 
of existing salmon stocks. Tomilin (1957) indi-
cated that the amount of chum salmon in the 
diet of beluga whales in the western Pacific 
Ocean increased with age of the whale; in 
younger belugas, chum salmon made up 4.4 
percent of the food intake and in adult belugas, 
60 percent. 

Little has been published on other causes of 
natural mortality during ocean residence. 
Wickett (1958) observed that low temperature 
and reduced salinity near the coast in June 
were unfavorable to survival. Birman (1959) 
noted that survival was higher than average 
when ocean water near the coast was relatively 
warm and lower when ocean temperatures were 
relatively cool. He believed these tempera-
ture changes had the greatest influence on 
survival of chum salmon during their first 
winter at sea. 

Fishing mortality is discussed in section 
4.41. An indirect cause of mortality from 
fishing may result from fish that escape from 
gill nets but become injured (net-marked) 
while in the net (Konda, 1966). These fish 
are susceptible to infection from fungus 
(Saprolegnia)  when they enter fresh water and 
may die before spawning. Petrova (1964) re-
ported that net-marked chum salmon often 
spawn less than 80 percent of their eggs. 

Factors that affect mortality of adult fish 
in fresh water are discussed in section 3.3. 

4.43 Factors affecting morbidity 

Parasites of chum salmon are listed in 
section 3.35. 

Rucker, Earp, and Ordal (1954) summarized 
information on diseases of Pacific salmon. 
They concluded that trematodes are of little 
consequence as a cause of fatal disease in 
salmon of the Pacific Northwest. External 
protozoan parasites cause low-grade infections 
and may cause epizootics in young salmon in 
hatcheries. These diseases are easily con-
trolled with formalin.  Saprolegnia  commonly 
infects eggs, young, and adult salmon in fresh 
water. This infection is a secondary agent that 
follows injury, poor environment, malnutrition, 
and external parasites. 

Bacteria are the most important agents of 
disease in several species of Pacific salmon. 
Kidney disease, from a small unnamed Gram-
positive diplobacillus, has caused high mor-
tality in young hatchery-reared salmon and 
has also been found in wild fish.Aquatic myxo-
bacteria are also important agents of disease 
in hatcheries and the natural habitat. Rucker 
(1959) described an infection by the marine 
bacteria Vibrio  spp. of chum salmon being 
reared in sea water. These bacteria have 
caused catastrophic losses but have been 
treated satisfactorily with sulfonomides. Ko-
bayashi, Awakura, Honma, and Tamura (1963) 
described a second bacterial disease caused 
by Bacterium salmonicida  in salt-water rear-
ing areas. It was highly contagious and caused 
high mortality but was also treated satis-
factorily with sulfonomides. 

4.44 Relation of morbidity to mor-
tality 

No information. 

4.5 Dynamics of population  

The size of any fish population, even when 
not fished, is limited by natural controls. The 
mechanism of control involves factors of mor-
tality which become more effective as the 
density of the stock increases (Ricker, 1954). 

Amur grayling 
Amur ide 

Lagovsky's minnow 

Pike (Esox reicherti)  

Merganser (Mergus 
sp.) 

Common tern (Sterna 
hirundo) 

Kingfisher (Alcedo 
athis) 
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These factors may operate in one or more life 
history stages. In Pacific salmon, the fresh-
water environment is perhaps more limiting to 
size of population than the salt-water environ-
ment, although this has not been definitely 
established. Factors that may limit the maxi-
mum population size in fresh water are redd 
superimposition during spawning and mortality 
factors associated with density of eggs in the 
streambed (McNeil, 1965). 13  If the hypothesis 
is accepted that the fresh-water environment 
is the most limiting, then the fishery should be 
managed to allow an escapement that will 
produce maximum numbers of downstream 
migrants. 

Wickett (1958) and McNeil (1965; see foot-
note 13) suggested optimum densities of 
spawners for maximum production of fry for 
mixed populations of chum and pink salmon, 
on the basis of studies of the relation between 
potential egg deposition and production of fry. 
The observed relation appears to be best de-
scribed by a dome-shaped curve (fig. 11). 
Maximum production of fry is achieved by a 
spawning population that is intermediate be-
tween maximum and minimum. When the opti-
mum density is surpassed, fry production is 

2 3 4 5 6 

POTENTIAL EGG DEPOSITION (THOUSANDS OF EGGS PER I M.2  ) 

Figure 11.--Observed  relation between potential egg dep-
osition and production of fry per 1 m.2  in pink and chum 
salmon spawning streams  [McNeil, 1965 (see footnote 
13)]. A and B are two possible types of fresh-water re-
production curves, and for these data, the dome-shaped 
curve provides the best fit. 

13McNeil, William J. 1965. Pink salmon studies at 
Little Port Walter, winter and spring 1964. Bur. Commer. 
Fish., Biol. Lab., Auke Bay, Alaska, Ms. Rep. 65-1, 20 pp. 
(Processed.)  

reduced. Fluctuations in production of fry for 
any given level of spawning density are com-
monly  observed and are attributed to "non-
density" causes of mortality such as flooding, 
freezing, and drought [McNeil, 1965 (see foot-
note 13)]. McNeil concluded from his data that 
a potential egg deposition of less than 1,000 
eggs per 1 m.2  usually produced a relatively 
low number of fry. Relatively large numbers 
of fry came from potential egg depositions 
that varied between 2,000 and 3,000 eggs per 
1 m. 2, an escapement equivalent to about one 
pair of pink or chum salmon per 1 m. 2  of 
spawning area. Wickett (1958) considered the 
optimum density of spawners to vary with 
permeability of the streambed gravel. In one 
British Columbia stream (Nile Creek), he 
estimated that about 4.8 m.  2  of spawning area 
was needed for a pair of spawners to produce 
the maximum number of fry, but in  another 
stream with higher permeability (McClinton 
Creek), optimum density was achieved with 
1.2 m.2  of spawning area per pair of spawners. 

Reproduction curves based on the relation 
between escapement and return of adults have 
also been developed for chum salmon (Ricker, 
1958; Taguchi, 1965a, b; and Japan Fisheries 
Resource Conservation Association, 1966). 
The reproduction curves calculated for 
hatchery-produced fish in Japan (see fig. 12 
for one curve) have led to estimates of the 
optimum number of spawners needed for max-
imum sustained yield in that country (Japan 
Fisheries Resource Conservation Associa-
tion, 1966): 

Optimum escapement of 

Hokkaido 14  HonshU 

spawners 350,000 - 500,000 100,000 
Maximum yield of 

progeny 2,640,000 - 2,740,000 440,000 
Yield per spawner 7.6 - 5.5 4.4 

Taguchi (1965a, b) estimated that yield per 
spawner ranged from 2.4 to 3.6 at near-
maximum sustained levels of production in 
Kamchatka and Alaska. Comparing these find-
ings with those for artificial propagation in 
Japan, the Japan Fisheries Resource Con-
servation  Association (1966) concluded that the 
efficiency of artificial propagation in Hokkaido 
was about 1.8 times better than the efficiency 
of natural propagation. 

The offshore salmon fishing by the Japanese 
mothership fleet led to studies to determine  
the time and area of harvest for achievement 
of maximum yield. The net gain or loss of the 
stock for different periods of fishing are 
measured by comparing losses from natural 

14Ranges in values were derived to cover the possible 
maximum and minimum percentages of the total run used 
for artificial propagation. 
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Figure 12.--Reproduction curve for artifically spawned 
chum salmon of Hokkaido (Japan Fisheries Resource 
Conservation Association, 1966). Em is optimum es-
capement and Rm, maximum return. Solid line and 
open dots are for 1932-59; broken line and solid dots 
are for 1950-59. Replacement line represents the level 
of production where the stock is producing only enough 
progeny to replace its current numbers. 

mortality and gains from growth between the 
fishery offshore and the fishery along the 
coast. Taguchi (1961) calculated that the in-
stantaneous rates of natural mortality for 
chum salmon in their last 50 days at sea were 
0.36 to 0.40 per month; and the instantaneous 
rate of growth was 0.14 per month. Using these 
estimates, he contended that natural mortality 
in this period exceeded growth and therefore 
that offshore fishing approximated maximum 
yield more closely than inshore fishing. Parker 
(1963) and Ricker (1964) considered Taguchi's 
estimates of natural mortality to be much too 
high. Ricker (1964) also used two rates of 
instantaneous mortality-0.02  per month, 
which he considered a resonable estimate, 
and 0.04 per month, which he considered to be 
extreme and much too large for chum salmon. 
The instantaneous rates of growth used by 
Ricker were 0.12 per month for the final year 
at sea and 0.14 per month in the next-to-last 
year. From these statistics, Ricker concluded 
that growth exceeded any reasonable estimate 
of natural mortality throughout the final and 
next-to-last growth years for chum salmon. A 
fishery that took salmon at any time before 
their arrival inshore, therefore, would yield 
less than a fishery that took survivors of the 
same fish inshore. The total increase in bulk 
of fish was estimated to be 52 percent in the 
final growth year and 169 percent in their 
next-to-last and final years together. Losses 
in yield from pelagic fishing for age 0.3 chum 
salmon (in which the lower instantaneous rate 
of natural mortality, or 0.02, was used) ranged 
from 63 to 33 percent for fish caught between 
April 25 and September 1 of their next-to-last 
year at sea and from 34 to 7 percent for fish 
caught in the same period of their final year  

at sea. Losses would be somewhat greater for 
age 0.2 chum salmon and somewhat smaller for 
age 0.4 fish at comparable times before ma-
turity. 

4.6 Population in community and eco-
system  

Physical features of the fresh-water en-
vironment of chum salmon have not been 
summarized. Some information for specific 
areas and times were presented in earlier 
sections that cover the spawning migration 
and early life history stages in fresh water. 

Some aspects of the interrelations of chum 
salmon with other organisms in the fresh-
water environment also were covered in earlier 
sections. Additional information presented by 
Hikita (1960) gave the animal composition of 
one chum salmon stream in Japan (table 40). 
Figure 13 shows the interrelations of chum 
salmon with organisms in this stream. Levani-
dov (1959) measured the abundance andfeeding 
competition of fish that were associated with 
chum salmon fry in a section of the Khor 
River, U.S.S.R. (table 41). Levanidov con-
cluded that the role of the lenok as a com-
petitor was probably exaggerated because 
they were mainly migratory fish which were 
only passing through the sampling area. 
He considered Lagovsky's minnow and the 
gudgeon as the main competitors of chum 
salmon fry, and considered other resident 
species to be relatively unimportant as com-
petitors. 

General oceanographic features of the area 
occupied by Pacific salmon have been de-
scribed by Dodimead et al. (1963). Physical 
and biological f eatures  that influence the 
distribution of chum salmon within this gen-
eral area have not been defined. Manzer et al. 
(1965) concluded that chum salmon at sea 
probably tolerate temperatures of 10  to 15°C.; 
however, they probably prefer temperatures of 
2° or 3° to 110  C. 

Chum salmon intermingle extensively with 
other species of Oncorhynchus  over much of 
their ocean range. The similar distribution 
and food habits indicate a high degree of com-
petition between species of salmon. Manzer 
et al. (1965) showed that the relative abundance 
of species varied annually, seasonally, and 
regionally. For most areas of the North Pacific 
Ocean and Bering Sea, either chum or sockeye 
salmon were the dominant species during 
summer. Maturing pink salmon, especially in 
odd years, were dominant in the central and 
western Bering Sea and western North Pacific 
Ocean in some time periods. Chum salmon 
usually ranked second in abundance when other 
species of salmon were more abundant than 
chums. 
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TABLE 40.--ANIMAL COMPOSITION OF STREAM INHABITED BY CHUM SALMON, NLEMU  RIVER, HOKKAIDO 
(HIKITA, 1960) 

COMMON NAME 
 

COMMON NAME 
 

COMMON NAME 
AND SPECIES 
 

AND SPECIES 
 AND SPECIES 

PLATYHELMINTHES  

FLAT WORM 
DUGESIA  GONOCEPHALA  

LEECHES  

LEACH 
HERPOBDELLA LDNEATA   

GLOSS IPHONI A COMNLANAT  A 

MOLLUSKS  

SNAIL 

LYMNE A JAPONICA  

SEGMONTINA NITIDELLA  

FRESH-WATER BIVALVE 
SPECIES UNKNOWN 

MITES 
WATER MITE 

SPERCHON  SP. 

CRUSTACEANS  

ISOPOD 

ASELLUS  NIPPONENSIS  

AMPHIPOD 
GAMMARUS  SP. 

DECAPOD 
LEANDER PAUCIDENS  

INSECTS  

MAYFLY 
EPHEMERELLA NIGRA  

EPHEMERELLA  SP. 
EPEARUS 1  ATI FULL  UM   
BACTIS  SP. 
NEMORA  SP. 
PARALEPTOPHLEBIA  SPINOSA  

CADDIS FLY 
APATANIA  SP. 
GOERA JAPONICA  

PHARYGANEA  SP. 
HYDROPTILA  SP. 
STENOPSYCHE  GRISEIPENNIS  

LEPTOCERUS  SP. 
TWO-WINGED FLIES 

CHIRONOMUS  SP. 
SIMULIUM  AOKII 
ATHERIX  SP. 

FISH 

BROOK LAMPREY 
LAMPTERA REISSNERI 

(DYBOWSKII)  

CHUM SALMON 

ONCORHYNCHUS  KETA 
(WALBAUM) 

PINK SALMON 

ONCORHYNCHUS  

GORBUSCHA  (WALBAUM)  

MASU SALMON 
ONCORHYNCHUS  MASOU 
(BREVOORT) 

RAINBOW TROUT 
SALMO GAIRDNERI  
IPDEUS  (GIBBONS) 

DACE 
TRIBOLODON  

HAKONENSIS  

HAKONENSIS   
( GUNTHER) 

YACHI-DACE 
MOROCO PERCNURUS 

PRUSSIAN  CARP (GOLDFISH) 
CARASSIUS AURATUS  
(LINNE) 

CARP  
CYPRINUS CARPIO  

(LINNE) 

MUD FISH 
BARBATULA TONI  OREAS 
77,71877Rn  AND  FOWLER]-  
MISGURNUS  

ANGUILLICAUDATUS  

(CANTOR) 

FISH 
ST I CKLEB ACK 

PUNAITIUS  PUNGITIUS  
PUNGITIUS  LINNE 
PUNGITIUS PUNGITIUS   

TYMENUS  (NIKLOSKY)  
GASTEROSTEUS  

ACULEATUS ACULEATUS  

(LINNE) 

GOBY 
RHINOGOBIUS  SIMILIS 
(JORDAN AND ST --RCLET )  

FRESHWATER SCULPIN 
COTTUS NOZAWAE 

BIRDS 
MERGANSER  

MERGUS  MERGANSER  
LINNE 

MALLARD 
ARIAS PLATYRHYNCHUS  

PLATYRHYNCHUS  LINNE 
ANAS POECILORHYNCHA  

ZONORHYNCHA  SWINHOE 

EUNETTA FALCATA  

GEORGI 

TEAL 
NETTION CRECCA  

CRECCA  LINNE 

WOOD DUCK 
AIX GALERICULATA  

LINNE 

KINGFISHER 

CERYLA LUGUBRIS  

PALLIDA MOMIYAMA 
ALCEDO ATTHIS  

BENGALENSIS  GMELIN 

WATER OUZEL 
CINCLUS PALLASII  

TEMMICK 

LARKINS (1964B) LISTED SPECIES OF FISH TAKEN 
INCIDENTALLY BY GILL NETS USED TO SAMPLE SALMON 
ON THE HIGH SEAS (TABLE 42). HE CONCLUDED THAT 

ONLY SIX SPECIES (ALBACORE, ATKA MACKEREL, BLUE 

SHARK, JACK MACKEREL, PACIFIC HERRING AND 
POMFRET) COULD BE CLASSIFIED AS "ABUNDANT" IN 
OCEAN AREAS WHERE SALMON LIVE AND THAT THESE 
FISH WERE COMMON IN ONLY TWO OR THREE SUB-
AREAS.  

5  FISHERY 

5.1 FISHING EQUIPMENT 

5.11 GEAR 

CANADA AND UNITED STATES.-  -DRIFT GILL NETS AND 
PURSE SEINES HAVE BEEN USED IN THE NORTH 
AMERICAN FISHERY SINCE EARLY IN THE 20TH 
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TABLE 41.--Relation OF OTHER FISH TO CHUM SALMON FRY AS COMPETITORS FOR 
FOOD IN THOR RIVER, U.S.S.R. (Levanidov, 1959) 

SPECIES RELATIVE  
ABUNDANCE 

EQUIVALENT  
OF FEEDING 
compet itionL  

COMPETITIVE 
value2  

Lenok 

GRAYLING 

PERCENT 

26.1 

4.8 

PERCENT 

5.0 

2.0 

55.7 

h.1 

AMUR  ide 7.0 1.1 3.3 

COMMON GUDGEON 28.0 1.2 1/4.0 

Lagovsky's MINNOW 36.0 1.11 20.9  

COMMON MINNOW 12.0 0.2 1.2 

STONE LEACH  0.3 0,8  0.2  

Ninespine STICKLEBACK 8.0 0.1 0.4  

BULLHEAD  1.5 0.1 0.1 

Burbot 0.2 1 . 0 0.1 

1  EQUIVALENT OF FEEDING COMPETITION IS BEST DEFINED BY AN EXAMPLE. FOR THE 
lenok IT MEANS THAT ONE lenok ATE THE SAME QUANTITY OF FOOD ORGANISMS AS 
26.1 CHUM SALMON FRY. 

2  THE FIGURES IN THIS COLUMN ARE THE PRODUCT OF THE FIRST TWO COLUMNS EX-
PRESSED IN PERCENTAGE. 

' BIRDS! .1  WILD MICE I  

SCULPM RAINBOW 
TROUT ■ 11■••  SALMON 

EGG FRY 

ý. COMMON!  YOUNG 9 O.  mosou   'STICKLEBACKS  

\-  
CRUSTACE S

]
AN  

FIGURE 13.--Relation OF FOOD ORGANISMS IN Memu RIVER, 
JAPAN (Hikita AND Nagasawa,  1960). 

century (Shepard et al., 1967). Their efficiency 
has been improved by the development of 
power drums and blocks for handling the nets 
and by the use of nylon for the webbing (Inter-
national North Pacific Fisheries Commission, 
1962a). Before 1959 (when almost all traps 
were abolished by regulation), an extensive 
trap-net fishery existed in Alaska. Traps were 
also widely used in Washington and Oregon 

before 1934 and to a much lesser extent in 
British Columbia before 1958 (Shepard et al., 
1967). 

At present, gill nets, purse seines, and 
beach seines are the principal types of gear 
(table 43). Some chum salmon are also taken 
by reef nets, trolling, traps, and fish wheels 
(International North Pacific Fisheries Com-
mission, 1962a; 1962b). The percentage of 
catches taken by types of gear in 1966 (data 
from INPFC Statistical Yearbook, 1966) was 
as follows: 

CATCHES 
THOUSANDS OF SEINES GILL NETS OTHER GEAR 

FISH   PERCENT PERCENT PERCENT  

ALASKA 6,456 73.5 26,3  0,2  
BRITISH 

COLUMBIA 1,311 44,2 55.5 0.3 
WASHINGTON 4 5  48.2 41.1 10.7 
OREGON 1 0 100.0 0 

Along the North American coast, regulations 
establish the length and sometimes the mesh 
size and depth OF GILL NETS. GILL NETS USED FOR 
CHUM and other species of salmon are generally 
made with multifilament nylon and have mesh 

I MOLLUSKS  1 AQUATIC 
INSECTS 
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TABLE 42.--EPIPELAGIC FISHES TAKEN ON THE HIGH SEAS INCIDENTAL TO CATCHES OF SALMON BY GILL NETS, 
1955-61 (LARKINS, 1964B);  CATCHES WERE MADE IN THE BERING SEA, NORTH PACIFIC OCEAN, AND GULF OF 
ALASKA 

COMMON NAME FAMILY NAME SCIENTIFIC NAME NUMBER 
TAKEN 

ALBACORE SCOMBRIDAE THUNNUS ALALUNGA 299 

ARROWTOOTH FLOUNDERL  PLEURONECTIDAE ATHERESTHES STOMIAS 1 

ATKA MACKEREL HEXAGRAMMIDAE PLEUROGRAMMUS  MONOPTERYGIUS 7,322 
BASKING SHARK LAMNIDAE CETORHINUS MAXIMUS 1 

BIGSCALE POMFRET BRAMIDAE•  TARACTES SP. 1 

BLUE SHARK CARCHARHINIDAE PRIONACE GLAUCA 877 
BOARFISH HISTIPHORIDAE PSEUDOPENTACEROS RICHARDSONI 9 
COSTER DORY ZEIDAE ALLOCYTTUS VERRUCOSUS 1 
DAGGERTOOTH ANOTOPTERIDAE ANOTOPTERUS PHARAO 31 
DOLLY VARDEN SALMONIDAE SALVELINUS MALMA 60 
ENGLISH (LEMON) SOLE L  PLEURONECTIDAE PAROPHRYS VETULUS 2 
EULACHON OSMERIDAE THALEICHTHYS PACIFICUS 1 
JACK MACKEREL CARANGIDAE TRACHURUS SYMMETRICUS 1,295 
OPAH LAMPRIDIDAE LAMPRIS REGIUS 1 
PACIFIC HAKE GADIDAE MERLUCCIUS PRODUCTUS 23 
PACIFIC HERRING CLUPEIDAE CLUPEA HARENGUS PALLASI 4,649 
PACIFIC LAMPREY PETROMYZONTIDAE LAMPETRA TRIDENTATA 5 
PACIFIC LANCETFISH ALEPISAURIDAE ALEPISAURUS RICHARDSONI 14 
PACIFIC SANDFISH TRICHODONTIDAE TRICHODON TRICHODON 3 
PACIFIC SAURY SCOMBERESOCIDAE COLOLABIS SAIRA 2 
POMFRET BRAMIDAE BRAMA RAYI 4,425 
RAGFISH ICOSTEIDAE ICOSTEUS AENIGMATICUS 9 
ROCKFISH SCORPAENIDAE SEBASTODES sp.  2 
SABLEFISH ANOPLOPOMATIDAE ANOPLOPOMA FIMBRIA 93 
SALMON SHARK LAMNIDAE LEMMA  DITROPIS 172 
SCULPINL  COTTIDAE UNKNOWN 1 
SEA POACHERL  AGONIDAE UNKNOWN 6 
SIXGILL SHARK HEXANCHIDAE HEXANCHUS GRISEUM 1 
SKI LFISH ANOPLOPOMATIDAE ERILEPIS ZONIFER 145 
SMALLEYE SQUARETAIL TETRAGONURIDAE TETRAGONURUS CUVIERI 247 
SPINY DOGFISH SQUALIDAE SQUALUS ACANTHIAS 105 
STEELHEAD (RAINBOW) TROUT SALMONIDAE SALMO GAIRDNERI 602 
THREESPINE STICKLEBACK GASTEROSTEIDAE GASTEROSTEUS ACULEATUS 38 
WALLEYE POLLOCK GADIDAE THERAGRA CHALCOGRAMMUS 145 
WOLF-EEL ANARCHICHADIDAE ANARRHICHTHYS OCELLATUS 2 
YELLOWFIN SOLE L  PLEURONECTIDAE LIMANDA ASPERA 12 
YELLOWFIN TUNA SCOMBRIDAE THUNNUS ALBACARES 1 

CHINOOK (KING) SALMON SALMONIDAE  ONCORHYNCHUS TSHAWYTSCHA 390 
CHUM SALMON SALMONIDAE O.  KETA 32,637 
COHO (SILVER) SALMON SALMONIDAE 5.  KISUTCH 2,031 
PINK SALMON SALMONIDAE  0. GORBUSCHA 15,026 
SOCKEYE (RED) SALMON SALMONIDAE  O.  NERKA  20,371 

1  BENTHIC FORMS CAPTURED IN SETS MADE IN SHALLOW WATER. 

SIZES OF 12 TO 24 CM. STRETCHED MEASURE. 
REGULATIONS FOR ALASKA IN 1962 LIMITED THE 
MAXIMUM LENGTH OF GILL NETS (91 TO 366 M.) IN 
VARIOUS REGULATORY DISTRICTS (ALASKA DEPART-
MENT OF FISH AND GAME, 1962). WHEN THE DEPTH 
OF GILL NETS HAS NOT BEEN REGULATED, THEY ARE 
USUALLY LIMITED BY PRACTICAL FISHING CONSIDERA-
TIONS TO 25 TO 30 MESHES OR ABOUT 5.5 IN.  
( WIGUTOFF, 1951). 

THE SIZE OF PURSE SEINES IS ALSO LIMITED BY 
REGULATION. THESE NETS, WHICH ARE NOW ALMOST 
ALL NYLON ARE USUALLY 300 TO 350 MESHES DEEP. 
FOR ALASKA IN 1962, THEY WERE REGULATED IN 
LENGTH FROM A MINIMUM OF 183 TO 274 NA.  TO A 
MAXIMUM OF 274 TO 548 NA.(ALASKA  DEPARTMENT 
OF FISH AND GAME,  1962). MESH SIZES COM-
MONLY ARE ABOUT 9 TO 10 CM. IN THE MAIN PART 
OF THE NET AND 8.3 TO 8.9 CM. IN THE BUNT  
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TABLE 43.--TYPES OF VESSELS USED IN THE PACIFIC SALMON FISHERY (SUNDSTROM, 1957; NAKATSU, 
1960; NEO, 1964; NAGASAKI, 1967) 

VESSEL CHARACTERISTIC 

JAPAN UNITED STATES AND CANADA 

LAND 
BASED 

HIGH SEAS 
GILL NETTERS PURSE SEINERS 

MOTHERSHIPS  CATCHER 
BOATS 

LENGTH (M.)  24-27  7-13  12-28 
INDIVIDUAL VESSEL GROSS  5-75  1  8,400  1  90  0.5-7  7-40 

TONNAGE. 

CONSTRUCTION  WOOD  STEEL  STEEL  WOOD, FIBERGLASS,  STEEL 
AND  AND ALUMINUM.  AND 

WOOD.  WOOD. 

ENGINE  

TYPE  DIESEL  DIESEL  GAS OR DIESEL  GAS OR DIESEL 

INDIVIDUAL VESSEL HORSEPOWER  280-400  50-140  35-300 
CRUISING SPEED (KM./HOUR)  -- 22-26  19  13-41  15-26 
CREW  6-20  20-22  1-2  4-9 

1 AVERAGE TONNAGE IN 1964. 

(JURKOVICH, 1967; FOOD AND AGRICULTURE ORGANI- TION  (ATKINSON,  1964).  BEACH SEINES, FISHING 
ZATION, 1965B).  BASICALLY FOR DOMESTIC CONSUMPTION  AND FOR 

SIZE RESTRICTIONS ON FISHING VESSELS ARE IM-
POSED IN SOME AREAS. PURSE SEINE VESSELS 
CANNOT EXCEED AN OVER ALL LENGTH OF 17.7 M. IN 
ALASKA, AND GILL NET VESSELS IN THE BRISTOL 
BAY AREA OF ALASKA ARE LIMITED TO 9.8 M. 

JAPAN.-  - THE JAPANESE USE DRIFT GILL NETS 
PRIMARILY BUT ALSO FISH WITH SET NETS, LONGLINES, 
AND TRAP NETS. GILL NETS WERE INITIALLY MADE OF 
RAMIE, WHICH WAS REPLACED BY NYLON IN 1955. 
MONOFILAMENT NYLON NETS WERE INTRODUCED IN 
1963, AND SINCE THEN A THIRD TO A HALF OF EACH 
NET STRING HAS BEEN OF THE MONOFILAMENT TYPE 
(NAGASAKI, 1967). THE MOTHERSHIP FISHERY IN 
THE NORTH PACIFIC OCEAN AND BERING SEA USES 
DRIFT GILL NETS. THE LAND-BASED FISHERY IN WATERS 
OFF HOKKAIDO AND THE KURILE ISLANDS SOUTH OF 
LAT. 48°  N. USES DRIFT GILL NETS AND LONGLINES; 
THE COASTAL FISHERY ALONG HOKKAIDO AND NORTHERN 
HONSHU USES TRAP NETS (NAGASAKI, 1967).  

LIMITED COMMERCIAL MARKETS, ARE ALSO FISHED 
IN THE RIVERS. 

14.--Plan OF RUSSIAN SALMON TRAP (ATKINSON, 1964). 

100  

MESH SIZES FOR GILL NETS IN THE MOTHERSHIP 
AND LAND-BASED FISHERIES ARE REGULATED BY THE 
NORTHWEST PACIFIC FISHERIES TREATY BETWEEN 
JAPAN AND THE U.S.S.R. MESH SIZES COMMONLY 
USED ARE 11.4 CM. AND 11.5 CM. STRETCHED 
MEASURE IN THE LAND-BASED FISHERY AND 12.1 CM. 
AND 13.0 CM. STRETCHED MEASURE INTHE MOTHER-
SHIP FISHERY (KONDA, 1966). NET STRINGS ARE UP 
TO 15 KM. LONG (NEO, 1964). 

U.S.S.R.  —THE  PRINCIPAL GEAR USED BY THE 
RUSSIANS IS THE TRAP NET (FIG. 14), A TYPE OF 
GEAR WHICH HAS BEEN USED SINCE THE EARLY 
1900'S, ALTHOUGH IMPROVED IN DESIGN AND OPERA-  FIGURE 
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The Japanese have also fished on Soviet 
stocks of salmon (see section 5.22). The types 
of gear used by the combined Soviet and Jap-
anese fishery have undergone changes as the 
Russians have restricted the Japanese from 
fishing near their coast. Semko (1964) sum-
marized these changes as follows: 

Percentage of catch by gear 

Coastal River Ocean 
Period set net set net drift net Longline  Catch 

  Percent   Thousand  
metric tons 

1926-33 
1934-43 
1944-51 
1952-60 

60 
70 
70 
26 

40
24 
30
10 

- 6 

- 60 
- 
4 

210 
380 
190 
250 

5.12 Boats 
Types of vessels used in the fishery are 

given in table 43. 

5.2 Fishing areas 
5.21 General geographic distribution 

Historically, the fishery has operated in 
coastal waters, but has been extended to 
offshore waters by the Japanese. Along the 
North American coast, fishing areas extend 
from Oregon north to the Yukon River. In 
Asia they range along the coasts of Japan and  

the U.S.S.R. to as far north as the Gulf of 
Anadyr. Since 1952 the Japanese have had a 
high-seas  mothership fishery in the western 
North Pacific Ocean and Bering Sea (Kasa-
hara, 1963). 

5.22 Geographic ranges 

The important fishing areas for chum salmon 
are shown in figure 15. The range of coastal 
fishing in Asia and North America has not 
changed substantially since the early days of 
the fishery. Areas fished by a part of the 
Japanese salmon fishery have changed, how-
ever. By treaty the Japanese were alloired  to 
fish for salmon in Russian territory beginning 
in the 19th century (Atkinson, 1964). Increasing 
difficulty in negotiation for these fishing rights 
in 1928-45 led to a Japanese mother ship opera-
tion off the Kamchatkan coast. The fishery 
caught salmon with drift gill nets and processed 
the catch aboard factoryships or motherships. 
Fishing was concentrated near the spawning 
rivers and took mature salmon. This type of 
fishery continued until 1944. In 1952 the mother-
ship fishery was resumed, but now fishing ex-
tends far offshore into the western Aleutian 
Islands, where the salmon are a mixture of 
stocks in different stages of maturity. This 
type of fishery also began in the Okhotsk Sea 
in 1955 and continued until the Soviets closed 
this area to the Japanese in 1958. 

• Coastal and river fisheries 

Figure 15.--Important fishing areas for chum salmon in Asia and North America (Kasahara, 1961; International North 
Pacific Fisheries Commission, 1964; Manzer et al., 1965). 
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5.23 Depth ranges 

Fukuhara (1953) reported that gill net 
catches were greatest near the surface and 
decreased with depth in offshore waters fished 
by the Japanese mothership  fleet. From 85 to 
90 percent of the catch was made from the 
float line down to 10 m. 

5.24 Condition of the grounds 

No information. 

5.3 Fishing seasons  

5.31 General seasons 

Coastal fisheries are timed to intercept 
maturing salmon as they approach spawning 
streams. Peak catches along the Asian and 
North American coasts are made earlier in 
the more northern areas (late June to August) 
than in the southern areas (September to 
November or later). The Japanese mothership 
fishery and land-based offshore fishery inter-
cept the maturing and immature fish earlier, 
and peak catches are usuallyinJune (table 44). 

5.32 Dates of beginning, peak and end 
of season(s) 

Duration of the fishing seasons and periods 
of peak catches are shown in table 44. 

5.33 Variation in date or duration of 
season 

The lengths of seasons have varied because 
of regulation changes intended to ensure ade-
quate escapement of adults to spawning grounds, 
inclement weather that interferred with fish-
ing, and price disputes that prevented fishing. 

5.4 Fishing operations and results  

5.41 Effort and intensity15  

Fishing effort is controlled primarily 
through national and international regulations 
(see section 6.1). Effort for some chum sal-
mon stocks is also influenced by the effort of 
fishing for other species such as pink and 
sockeye salmon. This would apply to the fishery 
in parts of Alaska and the Japanese mother-
ship fishery. 

No data were found that completely adhere 
to the definitions of effort and intensity (see 
footnote 15). Available information is given 
by major political area. 

Washington.--From  1944 to 1959, the num-
ber of purse seine licenses issued annually 
increased by 300 percent and gill net licenses 

15
Fishing effort is the total fishing gear in use per unit 

of time, and fishing intensity is the fishing effort per unit 
area (Ricker, 1958).  

by 94 percent (INPFC, 1962b). Because of 
shorter fishing seasons, effort had probably 
not increased at a rate proportional to the 
number of licenses issued but some increase 
had taken place. Yields fluctuated widely 
around an annual average of 742,000 fish. From 
a peak production in 1946 of 1.4 million fish, 
the catch trend was downward to a low of 
168,000 fish in 1956 and 1957. This level of 
production continued to 1966. 

British Columbia.--International North Pa-
cific Fisheries Commission (1962a) sum-
marized the effort of the British Columbia 
fishery as follows: (1) Since a low in 1932, 
the number of purse seiners had about doubled; 
(2) increases in efficiency of gill netters had 
offset the moderate decrease in this type of 
gear; (3) the result has been a greater effort 
of fishing for chum salmon but not an increase 
in the sustained yield. 

Alaska.--Fishing effort and catch per unit 
of effort for the commercial fisheries of 
Alaska have been summarized by the Inter-
national North Pacific Fisheries Commission 
(1962b) for all species of salmon collectively. 
Because much of the effort was for species 
other than chum salmon these data are not re-
ported here. 

Japanese mothership and land-based fish-
eries.-  - Units of gear, catches, and catch per 
unit of effort for the mothership fishery are 
shown in table 45. Catches increased as the 
fishery expanded from 1952 to 1955. Catches 
were at their highest (10.5-18.5 million fish) 
in 1955-60 but declined in later years as the 
U.S.S.R. reduced the quota on this fishery. 
Catch per unit of effort also increased in early 
years of the fishery, remained near 1.8 fish 
per tan (51 m. of gill net) for several years, 
and then declined to about 1.0 fish per tan 
from 1961 to 1965. 

The number of boats in the land-based 
fishery has decreased (table 45) as larger, 
more efficient vessels have replaced many 
smaller boats. Catches increased substantially 
from 1952 to 1958 as the effort of the fishery 
increased, were highest (19,100-19,600 metric 
tons) from 1958 to 1960, and declined to 
13,000 to 15,000 metric tons in more recent 
years. 

U.S.S.R.--Semko (1964) described, in gen-
eral terms, the intensity of the fishery opera-
tions on the stocks of salmon from the Soviet 
Coast. Dividing the fishery into four historical 
periods, he concluded: (1) From 1926 to 1933 
the salmon resources were fully utilized and 
escapement was sufficient; (2) from 1934 to 
1943 the Japanese offshore fishery developed 
rapidly and the coastal catches declined 
despite a curtailment of inshore gear; (3)from 
1944 to 1951 only coastal trap nets and beach 
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TABLE 44.--FISHING SEASONS AND PEAK PERIODS OF CATCHES FOR CHUM SALMON  IN ASIA AND NORTH AMERICA 

FISHERY 
YEARS 

EXAMINED 

BEGINNING 

OF SEASON 
PEAK OF CATCH END OF SEASON AUTHORITY 

ASIA: 

NORTHEAST COAST OF 1932-41 JUNE 15-25 JULY 2-23 AUG. 5-16 KASAHARA (1963). 
KAMCHATKA. 

KAMCHATKA RIVER 1932-41 JUNE 7 JULY 14-AUG. 18 SEPT. 6 DO. 

WEST COAST OF KAMCHATKA 1932-41 JULY 2-9 JULY  19-AUG. 24 AUG. 21-30 DO. 

NORTHERN OKHOTSK COAST 1932-41 JULY 12 AUG. 4-21 SEPT. 1 DO. 

SAKHALIN  1959-64 AUGUST-SEPTEMBER SEPTEMBER OCTOBER-NOVEMBER RESEARCH INSTITUTE OF MARINE 
FISHERIES AND OCEANOGRAPHY,  
U.S.S.R. (1960,  1961,  1964, 
1965). 

KURILE ISLANDS 1959-64 DO. OCTOBER NOVEMBER DO. 

AMUR  RIVER 1959-64 JUNE-AUGUST SEPTEMBER SEPTEMBER-OCTOBER DO. 

JAPANESE MOTHERSHIP  1952-64 MAY-JUNE JUNE JULY 31-AUG. 22 INTERNATIONAL NORTH PACIFIC 

FISHERIES COMMISSION  
(1953-64). 

JAPANESE LAND-BASED 1952-64 APRIL JUNE ( MARINE  FISHERY) DECEMBER-JANUARY DO. 
OCTOBER (COASTAL 
FISHERY). 

NORTH AMERICA: 

WESTERN ALASKA 1955-64 JUMB  1-11 LATE JUNE OR EARLY AUG. 27-SEPT. 29 INTERNATIONAL NORTH PACIFIC 
JULY. FISHERIES COMNISSION  

(1952-64).  

CENTRAL ALASKA 1955-64  MAY 1-JUNE 1 LATE JULY OR EARLY  SEPT. 16-OCT. 3 DO. 
AUGUST. 

SOUTHEASTERN ALASKA 1955-64 DO. JULY, AUGUST, OR OCT. 26-DEC. 31 DO. 
SEPTEMBER. 

BRITISH  COLUMBIA 1952-64 DO. SEPTEMBER OR OCTOBER DO. DO. 

WASHINGTON 1956-64 JULY 1-SEPT. 1 LATE OCTOBER OR EARLY JAN. 18-MAR.  3 DO. 
NOVEMBER. 



Table 45.--Catches of chum salmon by Japanese mothership  and land-based fisheries in 
the North Pacific Ocean and Bering Sea (Manzer et al., 1965; Fisheries Agency of 
Japan, 1967; Nagasaki,  1967) 

Year Mothership fishery Land-based fishery 
Motherships Catcher 

boats 
Gear Catch Boats Catch 

Fish Per tanI  
Number Number Million 

tans' 
Millions Number Number Thousand metric 

tons 

1952 3 57 - 0.6  1.1 1,497 1.8 
1953 3 105 2.7 2 .1  1,032  4.0  

1954 7 205 - 9.4 2.8 1,897 7.1 

1955 14 407 - 18.5 2.3 1,242 9.6 

1956 16 557 9.3 16.1 1.7 510 5.6 

1957 16 461 6.6 11.9 1.8 490 7.9 
1958 16 460 8.6 17.2 2.0 452 19.6 
1959 16 460 7.1 12.9  1.8 430 19.4 

1960 12 410 6.5 10.5 1.6 415 19.1 
1961 12 410 5.0 6.1 1.2 414 13.1 

1962 11 369 5.9 6.4 1.1 333 13.7 
1963 11 369 6.0 5.9 1.0 333 14.0 

1964 11 369 7.5 8.6 1.1 333 14.8 

1965 11 369 6.1 6.0 1.0 

1 1 tan = 51 m.  of gill net. 

seines were used and the runs increased; and 
(4) the period from 1957 to 1960 was char-
acterized by an intensified Japanese fishery 
on the high seas and a decrease in Soviet 
catches as well as a decline in escapement 
of fish. 

5.42 Selectivity 

Peterson (1964) described the selectivity of 
nylon gill nets used experimentally by U.S. 
vessels in connection with research for INPFC. 
These nets were used to sample immature and 
maturing salmon of age 0.1 or older and there-
fore had smaller meshes (6.4, 8.3, 11.4, and 
13.3 cm., stretched measure) than commercial 
nets. Lengths of fish caught most efficientlyby 
each mesh size were 30 cm. for the 6.4-cm. 
mesh, 38 cm. for the 8.3-cm. mesh, 53 cm. 
for the 11.4-cm. mesh, and 62 cm. for the 
13.3-cm. mesh. The composite mesh selection 
curve for these mesh sizes shows that the 
catch efficiency is not equal at all lengths. 

Fish from 44 cm. to 47 cm. are caught less 
efficiently because of the larger (3.1-cm.) 
gap between the 8.3-cm. and 11.4-cm. mesh 
sizes. 

Konda (1966) determined size ranges of 
chum salmon taken in experimental and com-
mercial nets of various mesh sizes. He as-
summed that fish gilled just behind the pre-
opercle were the largest fish gilled by a 
certain mesh, and the fish gilled immediately 
in front of the base of the dorsal fin (where 
the girth was greatest) were the smallest fish 
caught with a certain mesh size. These ranges 
(table 46) include the bulk of fish actually 
caught by a certain mesh, but some fish are 
also taken which become entangled in the 
mesh even though their size would normally 
allow them to escape. For example, the 
size range  of fish taken by the 6.4-cm. 
mesh was given by Konda (1966) as 26.5 to 
37.0 cm., but in actual fishing, the range of fish 
taken by this mesh was 23 to 65cm. according 
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Table 46.--Range in length of chum salmon  taken by various mesh  sizes of 
multifilament nylon gill nets (Konda, 1966) 

Mesh size Fork length 
Maximum Minimum 

Cm. Cm. Cm. 

6.4 26.5 37.0 
7.6  31.0 43.0 
8.3 33.0 45.5 
9.1 36.0  50.5 

9.7 37.5 53.5 
10.6  41.0 57.5 
11.0 42.5 59.0 
11.4 43.0 60.5 

11.5 4)4.0 61.0 
12.1 46.0 63.5 
12.6 47.5 65.0 

13.0 48.5 67.0 

13.3 49.5 67.5 

13.6 50.5 69.5 

to Manzer et al. (1965). Most of the fish (98 per-
cent), however, were 28  to 35 cm. inthe latter 
study. 

Konda (1966) also determined the optimum 
mesh sizes for chum salmon encountered by 
the Japanese mothership fisheries on the high 
seas as follows: 

Mean length of 
fish  Optimum mesh size 
Cm. Cm. 

0.2 46.8 10.4  
0,3 53.8 12.4 
0.4 56.4 13.0  

5.43 Catches 

Chum salmon have provided the second 
highest catches among the species of Pacific 
salmon. Total world catch in 1953-62 averaged 
44.2 million fish per year (132,000 metric 
tons), which was 20.7 percent of the total 
average catch of Pacific salmon in numbers 
of fish and 29.2 percent in weight (Shepard et 
al., 1967). Annual yields of chum salmon by 
area in Asia and North America are presented 
in tables 47 and 48. Kasahara (1963) considered  

these figures as only "very rough estimates" 
because statistics from some sources were 
inaccurate and factors used to convert weight 
of fish to numbers were chosen rather arbi-
trarily. 

Commercial catches of chum salmon on the 
Asian side have been considerably larger than 
those from the North American coast. The 
Asian catch averaged about 43 million fish in 
1932-41, whereas the North American catch 
was about 14.5 million (34 percent of the Asian 
catch). In 1955-60 the Asian catch averaged 
about 41.5 million chum salmon compared to the 
average North American catch of 8.7 million 
(21 percent of the Asian catch). The difference 
in abundance of stocks from the two continents, 
based on commercial catch statistics, may be 
exaggerated because of the probable lower level 
of fishing on North American stocks (Committee 
on Biology and Research, 1961). 

The proportion of chum salmon taken by 
each country (table 49) shows that catches 
were rather evenly divided among Japan, 
Russia, and North America during World 
War II. In the 10 years following the war, 
the largest catches were made by the U.S.S.R. 
and in later years by the Japanese as their 

Age of 
fish 
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Table 47.--Total annual catches of chum salmon  in Asia (Kasahara, 1963; Research 
Institute  of Marine Fisheries and Oceanography, U.S.S.R., 1964-65; International 
North Pacific Fisheries Commission, 1962-66) 

Year 
U.S.S.R. Japan Total 

By 
Japanl  

By Japan 
and U.S.S.R. 

By 
U.S.S.R. 

Mothership 
and North 
Kurile 

South South 
Sakhalin Kuriles, 

Hokkaido and 
ilonshu2  

Millions of fish  

1908 2.8 0.3 1.0 (4.1) 
1909 4.6 0.5 0.9 (6.0) 
1910 11.6 0.6 3.1 (15.3) 

1911 7.9 0.7 4.7 (13.3) 
1912 6.6 0.7 3.7 (11.0 
1913 11.3 0 0.6 2.7 (14.6)  
1914 9.9 1.1 3.1 (14.1) 
1915 5.0 0.8 5.0 (10.8) 

1916 3.9 0.3 2.3 (6.5) 
1917 6.7 0.4 3.0 (10.1) 
1918 9.3 0.9 3.6 (13.8) 
1919 11.9 1.1 4.7 (17.7)  
1920 10.8 0.7 3.5 (15.0) 

1921 10.3 0.5  3.4  (14.2) 
1922 10.1 0.4 3.3 (13.8) 
1923 8.8 0.7  5.7 (15.2) 
1924 5.1 0.4 2.7  (8.2) 
1925 0 12.0 0 0.3  4.3  16.6 

1926 0 14.7 0 0.6 4.7  20.0 
1927 0 15.4 0 0.5 3.9 19.8 
1928 0 25.8 0 0.5 2.4 28.7 
1929 0 28.7 0 ( 3) 0.3 3.8 32.8 
1930 0 4  37.1 0 0.2 0.7 5.2 43.2 

1931 0 32.8 0 (0.4) 0.5 (3.6) (37.3)  
1932 0 27.2 0 (0.7) 0.2 (2.2) (30.3) 
1933 o  22.3 o  3.5 0.3 2.3 28.4 
1934 o  34.8 o  6.5 0.4 4.7 46.4 
1935 o  28.6 o  8.3 0.5 5.6 43.o  

1936 o  42.0 o  18.5 0.4 3.6 64.5 
1937 0 26.2 0 16.8 0.7 3.0 46.7 
1938 o  30.2 0 19.7 0.3 4.5 54.7 
1939 0 27.1 0 15.8 0.6 4.6 48.1 
1940 9.3 o  17.3 15.0 0.7 3.4 45.7 

1941 9.4 o  16.8 11.8 0.9 2.9  41.8 
1942 3.6 o  12.4 13.8 0.3 2.4 32.5 
1943 2.6 o  19.6 4.1 0.3 2.1 28.7 
1944 0.5  o  17.3 2.0 - 1.6 (21.4) 
1945 - o  19.2 0.2 2.4 21.8 

1946 0 0 21.5 2.2 23.7 
1947 o  o  21.7 2.7 24.4 
1948 o  o  19.5 (2.7) (22.2) 
1949 o  o  24.8 (3.7) (28.5) 
1950 o  o  19.2 (5.4) (24.6) 

1951 0 0 26.1 (5.9) (32.0) 
1952 0 0 13.8 0.6 3.2 17.6 
See footnotes at end of table. 
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Table 47.--Total annual catches of chum  salmon  in Asia (Kasahara, 1963; Research 
Institute of Marine  Fisheries and Oceanography, U.S.S.R., 1964-65; International 
North Pacific Fisheries Commission 1962-66)--Con.  

Year 
U.S.S.R. Japan Total 

By 
Japan' 

By Japan 
and U.S.S.R. 

By 
U.S.S.R. 

Mothership 
and North 
Kurile 

South South 
Sakhalin Kuriles, 

Hokkaido and 
Honshu2  

Millions of fish  

1953 10.6 2.7 4.1 17.4 
1954 16.4 9.4  6.6 32.4 
1955 20.5 22.0 1.1  49.6 

1956 0 0 24.2 20.4 4.4 49.0 
1957 0 0 10.0 11.9 8.5 30.4 
1958 0 0 8.7  18.8 13.6 41.1 
1959 0 0 11.9 12.9 12.0 36.8 
1960 0 0 13.5 10.5 12.2 36.2 

1961 0 0 11.4 6.1 10.6 28.1 
1962 0 0 9.2 6.4 10.9 26.5 
1963 0 0 9.4 5.9 12.4 27.7 
1964 0 0 6.5 (8.6) 23.4 (38.5) 
1965 0 0 

_ 
 (6.0) 16.4 

1966 0 0 - (8.6) 16.0 

1  Figures for 1908-24 include coho salmon  catches. 
2  May include small numbers of sockeye, coho, and chinook salmon from 1908-57. 
3  Less than 50,000 fish. 
4  Estimate. 
- No data. 
0 Figures incomplete. 

Table 48.--Total annual catches of chum sail,.  in  North America and totals for Asia and North 
America (Kasahara, 1963; International Norm.  deific  Fisheries Commission,  1962-66) 

Year United States Canada 
Total 
North 

American 

Total Asian'  
and North 
American 

Western 
Alaska 

Central 
Alaska 

Southeastern 
Alaska 

Wash- 
ington  Oregon 

British 
Columbia 

Millions of fish  - - - -  

1908 
1909  
1910 

1911 -  -  
1912 -  -  -  -  
1913 -  
1914 
1915 

1916 - 
1917 - - - - - 
1918 
1919 - - - 
1920 0.6 1.5 8.0 - - 1.0 11.1  (26.1) 

See footnotes at end of table. 
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Table 48.--Total annual catches of chum salmon in North America and totals for Asia and North 
America (Kasahara, 1963; International North Pacific Fisheries Commission, 1962-66)--Con. 

Year 

United States Canada Total 
North 

American 

Total Asian' 
and North 
American Western 

Alaska 
Central 
Alaska 

Southeastern 
Alaska 

Wash- 
ington Oregon 

British 
Columbia 

Millions of fish 

1921 0.5 0.4 1.8 1.3 4.0 (18.2) 
1922 0.7 0.9 3.7 0.6 (2) 3.2 9.1 (22.9)  
1923 0.9 0.9 4.0 0.9 0.1 4.9 11.7 (26.9) 
1924 1.6 2.0 5.1 1.2 .3 6.4 16.6 (24.8) 
1925 0.7 2.2 8.6 1.1 .2 6.7 19.5 36.1 
1926 1.7 3.2 6.0 1.3 .1 7.3 19.6  39.6 
1927 1.0 2.5 2.2 1.1 .3 5.3 12.4 32.2 
1928 1.4 3.8 4.9 1.7 .5 7.7 20.0 48.7 
1929 1.7 5.1 2.6 2.0 .2 3.9 15.5 48.3 
1930 1.1 2.8 2.7 1.2 .1 5.1 13.0 56.2  
1931 1.5 2.2 2.9 1.0 .1 4.0 11.7 (49.0) 
1932 2.5 1.5 5.6 1.5 .1 3.9 15.1 (45.4) 
1933 1.1 2.2 4.5 0.7 .1 3.1 11.7 40,1  
1934 1.2 3.1 3.8 1.0 .1 4.8 14.0 60.4 
1935 1.0 3.4 5.1 0.8 .1 5.0 15.4 58.4 
1936 1.2 3.3 7.6 1.0 .2 6.1 19.4 83.9 
1937 1.1 2.3 5.6 1.0 .1 4.9 15.0 61.7 
1938 1.3 2.7 4.6 1.0 .2 4.7 14.5 69.2 
1939 1.4 2.7 3.4 0.4 .1 2.6 10.6 58.7 
1940 1.7 3.7 4.6 0.7 .1 5.0 15.8 61.5 
1941 1.1 3.5 3.0 1.2 .4 6.3 15.5 57.3 
1942 0.4 4.2 5.4 1.2 .5 4.4 16.1 48.6 
1943 0.7 2.2 6.8 0.6 .1 4.9 15.3 44.0 
1944 0.5 3.1 6.9 0.4 (2) 2.3 13.2 (34.6) 
1945 1.0 3.9 3.3 0.5 .1 3.0 11.8 33.6 
1946 0.5 3.1 4.0 1.5 .1 6.8 16.0 39.7 
1947 0.4 2.6 3.4 0.7 .1 5.7 12.9 37.3 
1948 0.9 3.4 4.0 1.1 .1 5.1 14.6 (36.8) 
1949 0.4 2.5 2.9 0.5 .1 3.0 9.4 (37.9) 
1950 0.4 2.5 4.8 1.1 .1 7.3 16.2 (40.8) 
1951 0.5 2.0 4.1 1.0 .1 5.6  13.5 (45.5) 
1952 0.5 3.5 4.2 0.9 (2) 2.5 11.6 29.2 
1953 0.6 3.1 3.5 0.5 (2) 4.7 12.4 29.8 
1954 0.8 3.3 4.2 0.7 (2) 5.9 14.9 47.3 
1955 0.3 1.6 1.5 0.4 (2) 1.6 5.4 55.0 
1956 0.8 3.7 2.7 0.2 (2) 2.5 9.9 58.9 
1957 0.5 4.4 3.4 0.2 (2) 2.4 10.9 41.3 
1958 0.6 3.2 2.8 0.5 (2) 3.2 10.3 51.4 
1959 0.9 1.9 1.2 0.5 (2) 2.0 6.5 43.3 
1960 1.9 3.7 1.0 0.2 (2) 1.8 8.6 44.8 
1961 1.0 2.1 2.6 0.2 (2) 1.2 7.1 35.2 
1962 1.1 4.0 2.0 0.2 (2) 1.5 8.8 35.3 
1963 0.6 2.4 1.5 0.3 (2) 1.5 6.3 34.0 
1964 1.2 4.2 1.9 0.3 (2) 2.3 9.9 (48.4) 
1965 (0.3) (1.6) (1.5) (0.2) (2) 0.6 (4.2) 
1966 (0.6) (2.6) (3.3) (0.4) (2) 1.3 (8.2) 

1  See table 47 for total Asian catches. - No data. 
2  Less than 50,000 fish. 0 Figures incomplete. 

71 



Catch of chum salmon  
Period 

Japan U.S.S.R. United States Canada Total 

Table 49.--Percentage of world catch of chum salmon  taken by each country 

[Percentage calculations were made  from data in tables 47 and 48] 

 

PERCENT 

 

MILLIONS  OF FISH 

  

1940-45 31.9 36.7 22.1 9.3 279.6 
1946-50 8.7 55.4 21.4 14.5 192.5 
1951-55 29.8 42.3 18.0 9.9 206.8 
1956-60 52.2 28.5 14.3 5.0 239.7 
1961-64 55.1 23.9 16.7 4.3 152.9 

Table 50.--Percentage contribution by area to the total coastal catch of chum 
salmon  in Asia (Sano, 1967) 

Year  Kamchatka Northern  Amur  Sakhalin  Primore  Japanese 
Peninsula coast of River coast coast coast 

the Sea of 
Okhotsk 

PERCENT  
1955 37.6 28,14 11.9 7.3 0.2 9.6 

1956 28.3 43.7 17.6 4.0 .1 6.3 

1957 15.3 35.6 13.9 13.3 21.9 

1958 13.3 31.6 25.4 6.4 23.3 

1959 34.0 26.7 24.3 1.8 13.2 

1960 14.3 43.0 29.7 1.9 11.1 

Average  23.8 34.8 21.3 5.8 14.2 

salmon  fishery expanded. A summary of the 
contribution of various areas to the Asian 
catch in prewar years (Committee on Biology 
and Research, 1961) showed that the Kam-
chatka Peninsula provided the largest catches 
(about 25 million fish annually). The northern 
coast of the Sea of Okhotsk also produced 
great numbers of chum salmon in this period 
(about 11 million annually). The Amur River, 
and rivers in Sakhalin, Hokkaido, and Honshu 
provided a similar annual yield of about 10.5 
million fish (7.5 million from the Amur and 
3.0 million from the other rivers). In more 

recent years (table 50), catches along the 
coast of Kamchatka have been less important; 
the largest annual yields for most years have 
been from the northern coast of the Sea of 
Okhotsk. 

In North America, the commercial catches 
are rather evenly divided between central 
Alaska, southeastern Alaska, and the area 
from British Columbia southward (Shepard et 
al., 1967). Northern Alaska streams (north 
of Bristol Bay) have substantial runs that are 
used by the Alaska natives. 
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6  PROTECTION AND MANAGEMENT 

6.1 Regulatory (legislative) measures 

6.11 Limitation or reduction of total 
catch 

In Asia, catches have been reduced by quotas 
and closures on fishing. The Soviets have re-
stricted their own coastal fisheries (Atkinson, 
1964) and, through the Northwest Pacific 
Fisheries Treaty, have imposed a quota on the 
Japanese mothership and land-based fisheries 
(Nagasaki, 1967). The Japanese have regulated 
their own land-based fishery by restricting 
the number of boats and the length of the 
fishing season (Nagasaki, 1967). 

In North America, catches have been re-
duced by periodic closures on fishing during 
the season and by reducing gear efficiency, 
which has been accomplished by limiting the 
length of nets and size of boats and by pro-
hibiting the use of monofilament nylon gill 
nets, electronic fish finders, or airplanes to 
locate salmon (Bevan, 1965). Efficient types 
of gear such as fish wheels and fish traps have 
been banned for many years. 

6.12 Protection of portions of the 
population 

International treaties have restricted the 
Japanese mothership fishery to certain areas. 
A treaty with the United States and Canada 
restricted the Japanese from fishing east of a 
provisional line (long. 175°  W.) in the North 
Pacific Ocean and Bering Sea (Oda, 1967). 
Through a Japanese-Soviet treaty, the fishery 
has been excluded from the Okhotsk Sea, the 
Kurile Islands, and the east coast of Kam-
chatka (Oda, 1967). Moreover, the Russians 
have established minimum mesh sizes, which 
reduces the catch of small immature salmon on 
the high seas. 

Regulations for North America were sum-
marized by the International North Pacific 
Fisheries Commission (1962b) as follows: 

1. "Time restriction - limiting the time at 
which fishing may be carried on both 
seasonally and within seasons. In gen-
eral, fishing time is set to coincide with 
the peak of abundance of local runs, with 
intermittent closures to allow for escape-
ment throughout the runs." 

2. Area restrictions - widely employed to 
curtail or prohibit commercial fishing 
within rivers or estuaries where mature 
or spawning fish could easily be caught. 
"In Alaska, area restrictions include all 
offshore waters. Recent regulations have 
shown a trend toward reducing netting in 
all rivers, except by Indians who have 
special treaty rights." 

3. "Gear restrictions - prohibiting certain 
gear according to area, limiting size and 
specifications of gear and fishing vessels, 
and restricting number of units of gear 
that may be fished." 

6.2 Control or alteration of physical fea-
tures of the environment 

6.21 Regulation of flow 

No information is available on the influence 
of hydroelectric and storage dams on popula-
tions of chum salmon. See section 6.26. 

6.22 Control of water levels 

Vasilev (1957) reported on experiments that 
involved raising the water level to prevent 
chum salmon redds from drying and freezing. 
A dam that increased the water level 40 to 50 
cm. but allowed intragravel water to move 
under the dam was constructed on a tributary 
of the My River, U.S.S.R. The cessation of 
spawning a week after the dam was installed 
was attributed to the accumulation of silt on 
the gravel surface or to the change in flow 
characteristics created by the dam. Water 
velocity and oxygen within the gravel were 
improved and eggs previously deposited in this 
section developed normally. The effect of 
raising the water level on freezing of redds 
was not determined because of heavy snowfall 
in the winter of the test. 

6.23 Control of erosion and silting 

See section 6.26. 

6.24 Fishways  at artifical and 
natural obstructions 

Although the North American coast has many 
fishways over artificial and natural obstruc-
tions, most of them are upstream from the 
spawning grounds of chum salmon (Atkinson, 
Rose, and Duncan, 1967). Weber (1965) listed 
22  fishways in Washington and 4 in Alaska that 
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are used by the species. Chum salmon pass 
over fishways at three major dams on the 
Columbia River (Bonneville, The Dalles, and 
McNary Dams). In Hokkaido, over 100 man-
made dams or other facilities either totally 
or partially obstruct the migration of adult 
and young fish (Japan Fisheries Resource 
Conservation Association, 1966). 

6.25 Fish screens 

Because of the short distances to their 
spawning grounds, chum salmon seldom en-
counter fish screens, but Weber (1965) listed 
six such installations that confront chum 
salmon in Washington. 

6.26 Improvement of spawning 
grounds 

Some experiments on improvement of spawn-
ing areas have been carried out in the United 
States and Canada, based on research which 
has shown that flooding, gravel erosion, silting, 
and predation cause serious losses. These 
detrimental characteristics of natural streams 
have been partially eliminated by regulating 
flow, improving spawning gravel, and excluding 
predators. Improved spawning areas for chum 
salmon are of two types: One consists of a 
completely artificial streambed, excavated and 
supplied with clean gravel, an example of 
which is the Jones Creek channel in British 
Columbia (Woodland, 1961); a second is a 
natural stream in which a storage dam regu-
lates flow and where the natural streambed 
has been improved by loosening and cleaning 
of the gravel. This type of improvement was 
recently undertaken on the Big Qualicum River 
in British Columbia (Lister and Walker, 1966). 
Egg-to-fry survival has been increased in 
these controlled-flow spawning areas over that 
in uncontrolled streams (see section 4.31). 

Other stream improvements on spawning 
areas of chum salmon include the removal of 
rock slides, logjams, beaver dams, debris, 
and gravel deposits and the charmelization  of 
strearnb  eds 

6.27 Habitat improvement 

Measures to improve natural habitat have 
not been reported except for those listed in 
section 6.26. 

6.3 Control or alteration   of chemical 
features of the environment  

6.31 Water pollution control 

Waste products from mining and the pro-
duction of wood pulp, dairy products, alcohol, 
gas, sugar, and starch were detrimental to 
chum salmon in Hokkaido (Japan Fisheries 

Resource Conservation Association, 1966). 
Similar kinds of pollution occur in other 
countries and undoubtedly affect chum salmon. 

6.32 Salinity control 

No information. 

6.33 Artificial fertilization of waters 

No information. 

6.4 Control or alteration of the biological  
features of the environment 

6.41 Control of aquatic vegetation 

No information. 

6.42 Introduction of fish foods 

No information. 

6.43 Control of parasites and disease 

See section 4.43. 

6.44 Control of predation and com-
petition 

Populations of predators and competitors 
have been reduced in artificial spawning chan-
nels and in some rearing areas of chum salmon 
in North America. 

6.45 Population manipulation 

No information. 

6.5 Artificial stocking  

6.51 Stocking to maintain runs 

Hatchery operations for chum salmon are 
much more extensive in Asia, particularly in 
Japan, than in North America (table 51). From 
10 to 12 hatcheries produce less than 10 
million fry annually in North America, whereas 
in Hokkaido alone, 49 hatcheries have produced 
from 200 million to over 400 million fry. 
Japanese scientists consider artificial propa-
gation as the only practical method to maintain 
runs of salmon in Japan, which are faced with 
deterioration of spawning streams from in-
dustrial growth (Japan Fisheries Resource 
Conservation Association, 1966). In Hokkaido, 
where chum salmon enter 160 streams, from 
300,000 to 500,000 adults (57 percent of the 
escapement) are taken annually from 52 to 64 
of the streams for artificial propagation; from 
150,000 to 200,000 fish in Honshu are also taken 
each year for artificial propagation. 

The Japanese have estimated maximum sus-
tainable  yields and economic returns for their 
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Table 51.--Hatchery  production of chum salmon, 1950-65 

[No production hatcheries for chum salmon exist in Canada or Alaska] 

Country Hatcheries Brood year Eggs collected Fry releasedi  Authority 

Number Thousands Thousands 
United States: 
Washington 9 1950 329 3,421 Washington  State 

9 1951 6,996 7,808 Department 
9 1952 10,480 9,157 of Fisheries 
9 1953 2,974 2,460 (1964). 
9 1954 2,907 1,639 
9 1955 340 248 
9 1956 564 559 
9 1957 5,815 4,578 
9 1958 7,466 7,266 
9 1959 7,010 7.106 
9 1960 7,980 6,618 
9 1961 2,347 1,864 
9 1962 6,230 4,787 
9 1963 4,226 4,101 
9 1964 3,551 2,870 

Oregon 1-3 1955 450 452 Fish Commission  
1-3 1956 524 478 of Oregon 
1-3 1957 314 306 (1957-65). 
1-3 1958 254 230 
1-3 1959 2,703 2,693 
1-3 1960 1,554 1,456 
1-3 1961 267 254 
1-3 1962 447 315 
1-3 1963 404 281 
1-3 1964 345 319 

U.S.S.R. 2 25 1959 150,000-170,000 Chernyavskaya  
(1964). 

28 1960 201,000 Sano (1967).  

Japan:  
Hokkaido 49 1950 283,000 222,000 Japan Fisheries 

49 1951 238,000 189,000 Resource 
49 1952 221,000 160,000 Conservation 
49 1953 211,000 170,000 Association 
49 1954 334,000 269,000 (1966). 
49 1955 298,000 248,000 
49 1956 168,000 140,000 
49 1957 461,000 362,000 
49 1958 566,000 417,000 
49 1959 410,000 314,000 
49 1960 269,000 203,000 
49 1961 455,000 359,000 
49 1962 355,000 281,000 
49 1963 362,000 272,000 
49 1964 413,000 334,000 
49 1965 772,000 -- 

Honshu 82 1954 45,000 39,000 
82 1955 43,000 39,000 
82 1956 42,000 35,000 
82 1957 42,000 54,000 
82 1958 67,000 81,000 
82 1959 71,000 64,000 
82 1960 72,000 65,000 
82 1961 92,000 85,000 
82 1962 153,000 138,000 
82 1963 133,000 116,000 
82 1964 158,000 140,000 

Fry are released in year following brood years. Eggs were apparently  transferred in years when 
the number of fry released exceeded the number of eggs taken. 

2  Does not include hatcheries on Amur River system. 
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hatchery operations. They concluded that maxi-
mum sustainable yields were achieved from 
artificial propagation in Hokkaido with 350,000 
to 500,000 spawners, which would produce from 
2.6 to 2.8 million returns annually. In Honshu, 
they estimated that the hatchery program 
achieved maximum sustainable yields with 
100,000 spawners, for an adult return of 
440,000 fish. On the basis of studies of Taguchi 
(1965a), the Japan Fisheries Resource Con-
servation  Association (1966) considered that 
Hokkaido hatcheries produced about twice as 
many returns per spawner as did natural 
spawners in Alaska. It also estimated that 
hatchery-produced fry suffered from 2 to 2.5 
times as much mortality before they returned 
as adults as did naturally produced fry from 
Hook Nose Creek, British Columbia. The cost 
of producing a returning adult was given as 
45 to 65 yen (about 12-18 cents); since each 
adult fish sells for an average price of 892 yen 
(about $2.50), the economic return from 
hatchery operations in Hokkaido was con-
sidered to range from 14 to 20 times the ex-
penditure. 

Noble (1963) cited experiments by the Wash-
ington State Department of Fisheries which 
indicated that releases of unfed chum salmon 
fry from hatcheries have not been as effective 
as allowing the fish to spawn naturally. Success 
has been greater when the fry were reared for 
a short time, but an adequate diet has not been 
found for young chum salmon. 

6.52 Transplantation; introduction 

Through hatchery operations in the United 
States, chum salmon eggs have been trans-
ferred between streams within their natural 
range, but the results of these experiments 
have not been studied and reported in detail. 
From 1933 to 1939, the Russians attempted to 
introduce chum salmon to the Atlantic coast 
by transplanting about 9 million eggs to 
tributaries of the White and Barents Seas 
(Isaev, 1961) but were unsuccessful. More 
recent experiments to introduce chum salmon 
to this area were started in 1957 by trans-
ferring eyed eggs from hatcheries in Sakhalin 
to hatcheries on the Kola Peninsula. The num-
bers of fry released into tributaries of the 
White and Barents Seas were: 
Year Fry 

Thousands 
Authority 

1958 1,847 Isaev (1961). 
1959 1,900 
1960 14,425 Karpevich and Bokova 

(1963). 
1961 17,362 
1962 7,409 Karpevich  and Lok- 

shina (1965a). 
1963 21,295 Karpevich  and Lok- 

shina (1965b). 

Information regarding the success of adult 
returns from these releases was not available, 
but Azbelev and Surkov (1963) reported that 
some adult migrants were caught in 1961 and 
1962. In their opinion runs of chum salmon to 
this area can be maintained only by artificial 
propagation. 

7  POND FISH CULTURE 

Not applicable. 

LITERATURE CITED 

ABRAMOV, V. V. 
1949. Adaptivnye priznaki molodi Tikho-

okeanskikh lososei roda Oncorhynchus   
(Adaptive features of the young Pacific 
salmon belonging to the genus Onco-
rhynchus).  Dokl. Akad. Nauk SSSR 67: 
193-396.  (Transl.  pp. 1.5 in  "Pacific 
salmon;  selected articles  from  Soviet 
periodicals", avail. Clearinghouse  Fed,  
Sci.  Tech.  Inform.,  Springfield, 
Va. 22151, TT 60-511?9,  $3,00,)  

AKHMEROV, A. Kh. 
1963. Gel' minty kak biologicheskikh  indika-

tor lokal'nykh stad amurskikh prokhod-
nykh lososei  [Helminths as biological 
indicators of local schools of Amur 
anadromous salmon (Oncorhynchus)],  
Vop. Ikhtiol. 3(3) (28): 536-555. (Transl. 
in "Recent developments in Soviet ich-
thyology, " avail. Clearinghouse Fed. 
Sci. Tech. Inform., Springfield, Va. 
22151, as JPRS 22222, TT 63-41336, 
$3.00.) 

ALASKA DEPARTMENT OF FISHAND GAME. 
1962. Regulations of the Alaska Board of 

Fish and Game for commercial fishing 
in Alaska, 1962 ed. Alaska Dep. Fish 
Game, 127 pp. 

ALDERDICE, D. F., and W. P. WICKETT. 
1958. A note on the response of developing 

chum salmon eggs to free carbon di-
oxide in solution. J. Fish. Res.  Bd. Can. 
15: 797-799. 

ALDERDICE, D. F., W. P. WICKETT, and 
J, R,  BRETT. 
1958. Some effects of temporary exposure 

to low dissolved oxygen levels on Pacific 
salmon eggs. J. Fish. Res. Bd. Can. 
15: 229-250. 

ALLEN, GEORGE H., and WILLIAM ARON. 
1958. Food of salrnonid fishes of the western 

North Pacific Ocean.  U.S. Fish Wildl. 
Serv., Spec. Sci. Rep. Fish. 237, 11 pp. 

AMERICAN FISHERIES SOCIETY. 
1960. A list of common and scientific names 

of fishes from the United States and 
Canada.  2d ed. Its Spec. Publ. 2, 102 
PP.  

76 



ANDRIEVSKAYA, L. D. 
1957. Pitanie Tikhookeanskikh lososei  v 

severo-zapadnol  chasti Tikhogo okeana 
( The food of Pacific salmon in the north-
western Pacific Ocean). In: Materialy 
po  biologii morskogo perioda zhizni 
dal'nevostochnykh lososei, pp. 64-75. 
Vses. Nauch.-issled. Inst. Morsk. Ryb. 
Khoz. Okeanogr., Moscow. ( Transl.,  
Fish. Res. Bd.  Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl.  Ser. 182.) 

1966. Pishchevye yzaimpotnosheniya  Tik- 
hookeanskikh lososei v more (Food re-
lationships of Pacific salmon inthe sea). 
Vop. Ikhtiol. 6(1)(38): 84-90. (Transl.,  
Bur. Commer. Fish., Biol. Lab., Seattle, 
Wash.) 

ARO, K. V., and M. P. SHEPARD. 
1967. Salmon of the North Pacific Ocean  - 

Part IV. Spawning populations of North 
Pacific salmon. 5. Pacific salmon in 
Canada. Int.  N. Pac. Fish. Comm., 
Bull. 23: 225-327. 

ATKINSON, CLINTON EDWIN. 
1964. The salmon fisheries of the Soviet 

Far East. M.S. Thesis, Univ. Wash., 
Seattle, 119 pp. (Typescript.) 

ATKINSON, C. E., J. H. ROSE, and T. 0. DUN-
CAN.  
1967. Salmon of tht  North Pacific Ocean - 

Part IV. Spawning populations of North 
Pacific salmon. 4. Pacific salmon in 
the United States. Int. N. Pac. Fish. 
Comm., Bull. 23: 43-223. 

AWAKURA, TERUHIKO. 
1963. Physiological and ecological studies 

on the fishes at spawning state. I. On 
oxygen consumption of spawning chum 
salmon Oncorhynchus keta  (Walbaum). 
Sci. Rep. Hokkaido Fish Hatch. 18: 1-9. 
In Japanese, Engl. summary. 

AZBELEV, V. V., and S. S. SURKOV. 
1963. An experiment in acclimatization of 

pink and chum salmon in the Barents 
and White Seas. In: A. I. Yanushevich 
(editor), Akklimatizatsiya zhivotnykh v 
SSSR (Acclimatization of animals in the 
U.S.S.R.), pp. 210-211. Izdatel'stvoAk-
ademii Nauk Kazakhskei  SSR, Alam-
Ata. (Transl.  pp. 142-143 in complete 
transl. avail. Clearinghouse Fed. Sci.  
Tech. Inform., Springfield, Va. 22151, 
as AEC-tr-6206, $3.00.) 

BAGGERMAN, BERTHA 
1960. Salinity preference, thyroid activity 

and the seaward migration of four 
species of Pacific salmon (Oncorhyn-
chus).  J. Fish. Res. Bd.  Can. 17: 
295-322. 

BAKSHTANSKII, E. L. 
1964. Vozdeistvie khishchnikov na molod' 

gorbushi Oncorhynchus gorbuscha  
(Walb.) i kety Oncorhynchus  keta (Walb.)  
v belom i barentsevom more (Effect of 
predators on young pink and chum 

salmon in the White and Barents 
Seas). Vop. Ikhtiol. 4(1)(3): 136-141. 
( Transl. pp. 25-32 in "Breeding, popula-
tion dynamics and health of fish," avail. 
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as JPRS 24431, 
TT 64-31188, $3.00.) 

BARRETT, I. 
1951. Fertility of salmonoid eggs and sperm 

after storage. J. Fish. Res. Bd.  Can. 
8: 125-133. 

BECKER, CLARENCE D., and MAX KATZ. 
1965. Distribution, ecology, and biology of 

the salmonid leech, Piscicola salmo-
sitica  (Rhynchobdellae: Piscicolidae). 
J. Fish. Res. Bd.  Can. 22: 1175-1195. 

BELYANINA, T. N. 
1963. 0 plodovitosti letnei Amurskoi kety 

(Fecundity of autumn chum salmon of 
the Amur River). Nauch. Dokl.  Vyssh. 
Shkoly, Biol. Nauk 4:24-30. 

BERG, L. S. 
1934. Yarove i ozime rasy u prokhodnykh 

ryb (Vernal and hiemal races among 
anadromous fishes). Izv. Akad. Nauk 
SSSR, Otd. Mat. Estestv. Nauk 5:711-
732. ( Transl. in J. Fish. Res. Bd.  Can., 
1959, 16: 515-537.) 

1940. Ryby (Fishes). In:  V. I. Zhadin (edi-
tor), Zhizn presnykh vod SSSR (Life in 
fresh waters of the USSR) 1: 44-78 
Izd. Akad. Nauk SSSR, Moscow-Lenin-
grad. 

1947. Classification of fishes both recent 
and fossil. J. W. Edwards, Ann Arbor, 
Mich., 517 pp. 

1948. Ryby presnykh vod SSSR i sopredel'-  
nykh stran (Freshwater fishes of the 
U.S.S.R. and adjacent countries). Vol. 
1. 4th ed. Akad. Nauk SSSR, Zool. Inst., 
Opredeliteli po Faune SSSR 27, 466 pp. 
( Transl. by Israel Program Sci. Transl., 
1962, 504 pp., avail. Clearinghouse Fed. 
Sci. Tech. Inform., Springfield, Va. 
22151, as TT 61-31218, $3.00.) '  

BEVAN, DONALD E. 
1965. Methods of fishery regulation. In: 

James A. Crutchfield (editor), The fish-
eries: problems in resource manage-
ment, pp. 25-40. Univ. Wash. Press, 
Seattle. 

BILTON, H. T., D. W.  JENKINSON, and M. P. 
SHEPARD. 
1964. A key to five species of Pacific salmon 

(genus Oncorhynchus)  based on scale 
characters. J. Fish. Res. Ed. Can. 
21: 1267-1288. 

BIRMAN, I. B. 
1951. Kachestvennye pokazateli  stad i di-

namika chislennosti osennei ketyamura 
(Qualitative  characteristics of the 
stocks and the dynamics of abundance 
of the autumn chum salmon of the Amur 
R iv e r). Izv. Tikhookeansk. Nauch.- 
issled. Inst. Ryb. Khoz. Okeanogr. 35: 

77 



17-31. ( Transl.,  Fish. Res. Bd.  Can., 
Biol. Sta., Nanaimo. Brit.  Columbia, 
Transl.  Ser. 103.) 

1956. j..,okalinye  stada osennei  kety v bas- 
seine amura (Local stocks of autumn 
chum salmon in the Amur Basin). Vop. 
Ikhtiol.  7: 158-173. ( Transl.,  Fish. 
Res. Bd. Can., Biol. Sta.Nanaimo,Brit. 
Columbia, Transl. Ser. 349.) 

1957. Kuro,,-Sio  i chislennost Amur s koi 
osennei kety (Oncorhynchus  keta (Walb.) 
infrasp. autumnalis)  [The Kuro-Shio 
and the abundance of Amur autumn chum 
salmon (Oncorhynchus  keta (Walb.) in-
frasp. autumnalis)].  Vop. Ikhtiol. 8: 
3-7. ( Transl.,  Fish._  Res. Bd.  Can., 
Biol. Sta., Nanaimo, Brit.  Columbia, 
Transl.  Ser. 265.) 

1958. 0 rasprostranenii,  i migratsiyakh 
kamchatskikh lososei v severo-zapadnoi 
chasti Tikhogo okeana ( The distribution 
and migration of Kamchatka salmon in 
the northwestern part of the Pacific 
Ocean). In: Materialy po  biologii mor-
skogo vperioda zhizni dal'nevostochnykh 
lososel, pp. 31-51. Vses. Nauch.- 
issled. Inst. Morsk. Ryb. Khoz. Okean-
ogr., Moscow. (Transl.,  Fish. Res. Bd.  
Can. Biol. Sta., Nanaimo, Brit. Colum-
bia, Transl. Ser 180.) 

1959. Eshche  o vliyanii Kuro,,-Sio na di- 
namiku chislennosti lososei (More about 
the influence of the Kurio-shio on the 
dynamics of abundance of salmon). Vop. 
Ikhtiol. 13: 16-18. ( Transl.,  Fish. Res. 
Bd. Can., Biol. Sta., Nanaimo, Brit. 
Columbia, Transl.  Ser. 269.) 

1960. Novye dannye o morskom periode 
zhizni i morskom promysle Tikhook-
eanskikh lososei (New information on 
the marine period of life and the marine 
fishery of Pacific salmon). Akad. Nauk 
SSSR, Tr. Soveshch. Ikhtiol.  Komm. 10 
(Trudy soveshchaniya po biologicheskim 
osnovam okeanicheskogo rybolovstva): 
151-164. (Transl., Fish. Res. Bd.  Can., 
Biol. Sta., Nanaimo, Brit. Columbia, 
Transl. Ser. 357.) 

1964. 0 vertikal'nykh migratsiyakh i verti- 
kal'nom raspredelenii lososei v more 
(Vertical migrations and vertical dis-
tribution of salmon in the sea). Dokl.  
Akad. Nauk SSSR 156: 444-447. ( Transl.  
in Dokl. Biol. Sci. 156: 346-349, issued 
by Consultant's Bur., New York, 1965.) 

BRETT, J. R. 
1952. Temperature tolerance in young Pa-

cific salmon, genus Oncorhynchus.  J. 
Fish. Res. Bd.  Can. 9: 265-323. 

BRETT, J. R., and D. F. ALDERDICE. 
1958. The resistance of cultured young 

chum and sockeye salmon to tempera-
ture below 0° C..  J. Fish. Res. Bd. 
Can. 15: 805-813. 

BURNER, CLIFFORD J. 
1951. Characteristics of spawning nests of 

Columbia River salmon. U.S. Fish Wildl.  
Serv., Fish. Bull. 52: 97-110. 

BYKHOVSKAYA-PAVLOVSKAYA, I. E., A. V. 
GUSEV, M. N. DUBININA, N. A. IZYUMOVA, 
T. S. SMIRNOVA, I. L. SOKOLOVSKAYA, 
G. A. SHTEIN, S. S. SHUL'MAN, and V. N. 
EPSTEIN (compilers). 
1962. Opredelitel' parazitov presnovodnykh 

ryb SSSR (Key to parasites of fresh-
water fish of the U.S.S.R.). Akad. Nauk 
SSSR, Zool. Inst., Opred. Fauna SSSR 
80, 776 pp. (Transl., 1964, 919 pp., by 
Israel Program Sci. Transl., avail. 
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 64-11040,  
$3.00.)  

CHATWIN, B. M. 
1953. Tagging of chum salmoninJohnstone 

Strait, 1945 and 1950. Fish. Res. Bd.  
Can., Bull. 96, 33 pp. 

CHERNYAVSKAYA, I. K. 
1964. Sostoyarne  iskusstvennoso  razveden- 

iya lososei v Sakhalinskoi oblasti ( The 
status of artificial rearing of salmon  
in the Sakhalins). In: E. N. Pavlovskii 
(editor), Lososevoe khozyalstvo  dal'- 
nego vostoka, p. 175-178. Izdatel'stvo 
Nauka, Moscow. (Abst. Transl., Fish. 
Res. Inst., Univ. Wash., Seattle, Circ. 
227.) 

CHUGUNOVA, N. I. 
1959. Rukovodstvo po izucheniyu vozrasta i 

rosta ryb (Age and growth studies in 
fish). Izdatel'stvo Akad. Nauk SSSR, 
Moscow, 164 pp. (Transl. avail.Clear-
inghouse  Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 61-31036, 
$3.00.) 

CLEMENS,W. A., and G. V. WILBY.  
1946. Fishes of the Pacific coast of Canada. 

Fish. Res. Bd.  Can., Bull. 68, 368 pp. 
COMMERCIAL FISHERIES REVIEW. 

1966. Food habits and behavior of salmon 
fry. Its 28(3): 18. 

COMMITTEE ON BIOLOGY and RESEARCH. 
1961. Report of the Sub-committee on chum 

salmon. Int.  N. Pac. Fish. Comm., 
Proc. 8th Annu. Meeting 1961, pt. 2, 
app. 3 (Doc.491):  143-191.(Processed.)  

DISLER, N. N. 
1953. Ekologo-morfologicheftie  osoben- 

nosti  razvitiya osennei kety - On-
corhynchus  keta (Walb.) r. Amura 
[Ecological and morphological charac-
teristics of the development of the 
Amur autumn chum salmon - Oncor-
hynchus keta  (Walb.)] Akad. Nauk SSSR, 
Tr. Soveshph. Ikhtiol. Komm. 1 (Trudy 
vsesoyuznoi ko,,nferentsii  po  voprosam 
rybnogo khozyaistva): 354-362. (Transl. 
pp. 33-41 in "Pacific salmon: selected 
articles from Soviet periodicals",  avail. 

78 



Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 60-51139,  
$3.00.) 

1954. Razvitie osennei kety r. Amura (De-
velopment of autumn chum salmon in 
the Amur River). Akad. Nauk SSSR, Tr. 
Soveshch. Dchtiol.  Komm. 4 ( Trudy 
soveshchaniya po  voprosam lososevogo 
khozyaistva dal'nego vostoka): 129-143. 
(Transl. avail. Clearinghouse Fed. Sci. 
Tech. Inform. Springfield, Va. 22151, 
as TT 63-11100, $3.00.) 

DODIMEAD, A. J., F. FAVORITE, and T. 
HIRANO. 

1963. Salmon of the North Pacific Ocean. 
Part II. Review of oceanography of the 
subarctic Pacific region. Int.  N. Pac. 
Fish. Comm., Bull. 13, 195 pp. 

DVININ, P. A. 
1952. Lososi yuzhnogo Sakhalina ( The 

salmon of south Sakhalin). Izv. Tikho-
okeansk. Nauch.-is sled. Inst. Ryb. Khoz. 
Okeanogr. 37: 69-108. (Transl., Fish. 
Res. Bd. Can., Biol,  Sta. Nanaimo, 
Brit. Columbia, Transl.  Ser. 120.) 

EALES, J. G. 
1963. A comparative study of thyroid func-

tion in migrant juvenile salmon. Can. J. 
Zool. 41: 811-824. 

EGUCHI, HIROSHI, TOYOHIKO, HIKITA, and 
HIDEO NISHIDA. 

1954. A comparison between Hokkaido and 
South Kurile Islands on the salmon 
egg-number. Sci. Rep. Hokkaido Fish 
Hatch. 9:151-159. In Japanese, Eng. 
Abs tr. 

FISCUS, GRANT. 
1963. Chum sampling. Wash. State Dep. 

Fish., 73d Annu. Rep., p. 25. 
FISH COMMISSION OF OREGON. 

1957-65. Its biennial reports, 1957-65. Var-
ious pagination. 

FISHERIES AGENCY OF JAPAN. 
1959. Report of research on salmon con-

ducted by Japan in 1958 for the Inter-
national North Pacific Fisheries Com-
mission, Int.  N. Pac,  Fish. Comm., 
Annu. Rep. 1958: 50-68. 

1967. Report on research by Japan for the 
International North Pacific Fisheries 
Commission during the year 1965. Int.  
N. Pac. Fish. Comm., Annu. Rep. 1965: 
51-71. 

FISHERIES RESEARCH BOARD OF CANADA. 
1960. Progress in 1959 in Canadian re-

search on problems raised by the pro-
tocol. Int.  N. Pac. Fish. Comm., Amu. 
Rep. 1959: 31-53. 

1964. Progress in 1962 in Canadian re-
search on problems raised by the pro-
tocol.  Int.  N. Pac. Fish. Comm., Annu.  
Rep. 1962: 30-53. 

FOERSTER, R. E. 
1935. Inter-specific cross-breeding of  

Pacific salmon. Trans. Roy. Soc. Can., 
ser. 3, vol. 29, sect. 5: 21-33. 

FOERSTER, R. E., and A. L. PRITCHARD. 
1936. The egg content of Pacific salmon. 

Biol. Bd. Can., Progr. Rep. Pac. Coast 
Sta. 28: 3-5. 

1944. The identification of the young of five 
species of Pacific salmon, with notes 
on the fresh-water phase of their life-
history. Dep. Fish. Brit. Columbia, 
Rep. 1943: 86-97. 

FOOD and AGRICULTURE ORGANIZATION. 
1965a. Yearbook of fishery statistics - 

catches and landings 1964. Its Year-
book Fish. Stat. 18, various pagination. 

1965b. FAO  catalogue of fishing gear de-
signs. FAO (Food Agr. Organ. U. N.) 
Rome, 24 pp. text, [158] pp. data sheets. 

FRASER, C. MC LEAN. 
1921. Further studies on the growth rate 

in Pacific salmon. Contrib. Can. Biol. 
1918-1920: 7-27. 

FRENCH, ROBERT R. 
1965. Visceral adhesions in high-seas 

salmon. Trans. Amer. Fish. Soc. 94: 
177-181. 

FRENCH R., and J. E. MASON. 
1964. Salmon distribution and abundance on 

the high seas--winter season 1962 and 
1963. In: Report on investigations by 
the United States for the International 
North Pacific Fisheries Commission-- 
1963. mt.  N. Pac. Fish. Comm., Annu,  
Rep. 1963: 131-141. 

FUKUHARA, FRANCIS M. 
1953. Japanese 1952 North Pacific salmon-

fishing expedition. Commer. Fish. Rev. 
15(2): 1-17. 

GILBERT, CHARLES H. 
1913. Age at maturity of the Pacific Coast 

salmon of the genus Oncorhynchus.  U.S. 
Bur. Fish., Bull. 32: 1-22. 

1922. The salmon of the Yukon River. U.S. 
Bur. Fish., Bull. 38: 317-332. 

GILBERT, CHARLES H., and WILLIS H. RICH. 
1927. Investigations concerning the red-

salmon runs to the Karluk River, Alaska. 
U.S. Bur. Fish., Bull. 43: 1-69. 

GRIGO, L. D. 
1953. 0 morfologicheskikh otlichiyakh let-

nei i osennei kety Oncorhynchus  keta 
( Walbaum), 0. keta (Walbaum) infra-
species autumnalis  Berg [Morphological 
differences between summer and autumn 
chum salmon Oncorhynchus keta  ( Walb-
aum) and O.  keta  ( Walbaum) infraspecies 
autumnalis  Berg)]. Dokl.  Akad. Nauk 
SSSR 92: 1225-1228. (Transl. pp.13-17 
in "Pacific salmon: selected articles 
from Soviet periodicals," avail. Clear-
inghouse Fed. Sci.  Tech. Inform., 
Springfield, Va. 22151, as TT 60-51139,  
$3.00.)  

79 



GUNTHER, ALBERT. 
1866. Catalogue of the fishes in the British 

Museum. Vol. 6. British Museum, Lon-
don, 368 pp. 

HALLOCK, RICHARD J., and DONALD H. FRY, 
JR. 
1967. Five species of salmon, Oncor-

hynchus,  in the Sacramento River, Cali-
fornia. Calif. Fish Game. 53: 5-22. 

HAMANO, SH1GERU.  
1957. Physico-chemical studies on the ac-

tivation and fertilization of fish eggs. 
Men-i.  Fac. Fish. Hokkaido  Univ. 5: 91-
143. 

HARTT, ALLAN C. 
1962. Movement of salmon in the North 

Pacific Ocean and Bering Sea as deter-
mined by tagging, 1956-1958. Int.  N. 
Pac. Fish. Comm., Bull. 6, 157 pp. 

1966. Migrations of salmon in the North 
Pacific Ocean and Bering Sea as deter-
mined by seining and tagging, 1959-1960. 
Int.  N. Pac. Fish Comm., Bull. 19, 141 
pp. 

HARTT, A. C., L. S. SMITH, M. B. DELL, and 
R. V. KILAMBI. 
1967. Tagging and sampling. In: Investiga-

tions by the United States for the Inter-
national North Pacific Fisheries Com-
mission--1966.  Int.  N. Pac. Fish. 
Comm., Annu. Rep. 1966: 73-78. 

HASHIMOTO, SUSUMU. 
1967. Studies on the metabolic function of 

adult chum salmon, Oncorhynchus keta 
(Walbaum) - II. Erythrocyte sedimenta-
tion rate and serum protein concentra-
tion of chum salmon ascending the river 
for spawning. Sci. Rep. Hokkaido Salmon 
Hatch. 21: 49-70. In Japanese, Engl. 
abstr. 

HELLE, JOHN H. 
1960. Characteristics and structure of early 

and late spawning runs of chum salmon, 
Oncorhynchus  keta (W alb a um), in 
streams of Prince William Sound, 
Alaska. M.S. Thesis, Univ. Idaho, Mos-
cow, 53 pp. (Typescript.) 

HENRY, KENNETH A. 
1953. Analysis of factors affecting the pro-

duction of chum salmon (Oncorhynchus  
keta) in Tillamook Bay. Fish. Comm. 
Oreg., Contrib. 18, 37 pp. 

1954. Age and growth study of Tillamook 
Bay chum salmon (Oncorhynchus  keta). 
Fish. Comm. Oreg., Contrib. 19, 28 pp. 

HIKITA, TOYOHIKO. 
1955. An aberrant form of the dog-salmon 

with abnormal scales. Jap. J.  Ichthyol. 
4: 133-135. In Japanese, Engl. abstr. 

HIKITA, TOYOHIKO. 
1958a. On the hermaphroditic gonads of the 

blueback salmon (0. nerka)  and the chum 
salmon (O.  keta).  Sci. Rep. Hokkaido 
Salmon Hatch. 12: 111-114.InJapanese, 
Engl. abstr. 

1958b. Occurrence of the mottled dog-
s a lmo n. Sci. Rep. Hokkaido Salmon 
Hatch. 12: 45-49. In Japanese, Engl.  
abstr. 

1960. Biological observations of Me mu 
stream, Tokachi River system. The 
freshwater fishes and its environment. 
Sci. Rep. Hokkaido Salmon Hatch. 15: 
47-67. In Japanese. (Transl., Bur. Com. 
Fish., Biol. Lab., Seattle, Wash.) 

1962. Ecological and morphological studies 
of the genus Oncorhynchus  (Salmonidae) 
with particular consideration on phy-
logeny. Sci. Rep. Hokkaido Salmon 
Hatch. 17, 98 pp. 

HIKITA, TOYOHIKO, and ARIAKI NAGASAWA. 
1960. Biological observations of Me mu 

Stream, Tokachi River system. The 
damage of salmon eggs and fry by 
predaceous fishes. Sci. Rep. Hokkaido 
Salmon Hatch. 15: 69-83. ( Transl.,  
Bur. Commer.  Fish., Biol. Lab., Seattle, 
Wash.) 

HIKITA, TOYOHIKO, and YOSAJIRO YOKO-
HIRA. 
1964. Biological study on hybrids  of the 

salmonid fishes. A note of F I hybrids  
between chum (Oncorhynchus keta)  and 
pink salmon (Oncorhynchus gorbuscha). 
Sci. Rep. Hokkaido Salmon Hatch. 18: 
57-65. In Japanese, Engl. abstr. 

HIRANO, YOSHIMI. 
1958. Migration route of the autumn salmon 

of Hokkaido. Hokkaido Ritsu Suisan 
Shikenjo (Hokkaido Govt. Fish. Res. 
Sta.), Hokusuishi Geppo 15: 349-353. 

HOAR, WILLIAM S. 
1951. The chum and pink salmon fisheries 

of British Columbia, 1917-47. Fish. 
Res. Bd. Can., Bull. 90, 46 pp. 

1953. Control and timing of fish migration. 
Biol. Rev., Cambridge Philos. Soc. 
28: 437-452. 

1954. The behavior  of juvenile Pacific 
salmon with particular reference to the 
sockeye (Oncorhynchus nerka).  J. Fish. 
Res. Bd. Can. 11: 69-97. 

1956. The behaviour of migrating pink and 
chum salmon fry. J. Fish. Res. Bd. 
Can. 13: 309-325. 

1958. The evolution of migratory behavior 
among juvenile salmon of the genus 
Oncorhynchus.  J.  Fish. Res. Bd. Can. 
15: 391-428. 

HOAR, WILLIAM S., and G. MARY BELL. 
1950. The thyroid gland in relation to the 

seaward migration of Pacific salmon. 
Can. J. Res., Sect. D., Zool. Sci. 28: 
126-136. 

80 

http://Bur.Com
http://Bur.Com


HOUSTON, ARTHUR H. 
1961. Influence of size upon the adaptation 

of steelhead trout (Salmo gairdneri)  
and chum salmon (Oncorhynchus  keta) 
to sea water. J. Fish. Res. Bd.  Can. 
18: 401-415. 

HUNTER, J. G. 
1948. Natural propagation of salmon in the 

central coastal area of British Colum-
bia. Fish. Res. Bd. Can., Progr. Rep. 
Pac. Coast Sta. 77: 105-106. 

1949. Occurrence of hybrid salmon in the 
British Columbia commercial fishery. 
Fish. Res. Bd. Can., Progr. Rep. Pac. 
Coast Sta. 81: 91-92. 

1959. Survival and production of pink and 
chum salmon in a coastal stream. J.  
Fish. Res. Bd. Can. 16: 835-886. 

IEVLEVA, M. YA. 
1951. Morfologiya i temp embrionalinogo  

razvitiya  Tikhookeanskikh lososei  
(Morphology and rate of embryonic de-
velopment of Pacific salmon). Izv. Tik-
hookeansk. Nauch.-issled. Inst. Ryb. 
Khoz. Okeanogr. 34: 123-130. (Transl. 
pp. 236-244 in "Pacific salmon: selected 
articles from Soviet periodicals," avail. 
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 60-51139, 
$3.00.) 

IKEYAMA, KOZZ5  (or MITSUZ(5).  
1935. Data on salmon predation (2). Preda-

tion on salmon by harbor seal and sea 
lions. Suisankai (J. Fish. Soc. Japan), 
[n.p.]. In Japanese. (Transl. in Hokuyo 
Bas  en Kyogi  Kai, Data on salmon preda-
tion, avail. Bur. Commer. Fish., Biol. 
Lab., Seattle, Wash., Transl. Ser. 32.) 

INTERNATIONAL NORTH PACIFIC FISH-
ERIES COMMISSION. 
1952-66. Its: Statistical yearbooks, 1952-66. 

Various pagination. 
1962a. The exploitation, scientific investi-

gation and management of salmon (genus 
Oncorhynchus)  stocks on the Pacific 
coast of Canada in relation to the absten-
tion provisions of the North Pacific 
Fisheries Convention. 1.  Report on 
salmon stocks of the Pacific coast of 
Canada with reference to articles III 
(1)(a) and IV of the International Con-
vention for the High Seas Fisheries of 
the North Pacific Ocean. Its Bull. 9: 
1-17. 

1962b. The exploitation, scientific investi-
gation and management of salmon (genus 
Oncorhynchus)  stocks on the Pacific 
coast of the United States in relation to 
the abstention provisions of the North 
Pacific Fisheries Convention.. 1. Report 
of the United States of America con- 

cerning the management of certain North 
Pacific salmon stocks with reference to 
article III (1)(a) of the International 
Convention for the High Seas Fisheries 
of the North Pacific Ocean of 1952. Its 
Bull. 10: 1-23. 

ISAEV, A. I. 
1961. Akklimatizatsiya Tikhookeanskikh lo-

sosei
q   v Barentsevom i Belom moryakh 

(Acclimatization of Pacific salmon in 
the Barents and White Seas). Vop. 
Ikhtiol. 1(1)(18): 46-51 (Transl., Fish. 
Res. Bd. Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl. Ser. 361.) 

ISHIDA, TERUO. 
1963. Male and female catches of the Pacific 

salmon by the Japanese high seas fish-
eries. Bull. Hokkaido Reg. Fish. Res. 
Lab. 27: 1-6. In Japanese, Engl. abstr. 

ITO, JUN. 
1964. Food and feeding habit of Pacific 

salmon (genus Oncorhynchus)  in their 
ocean life. Bull. Hokkaido Reg. Fish. 
Res. Lab. 29: 85-97. InJapanese, Engl. 
abstr. 

JAPAN FISHERIES RESOURCE CONSERVA-
TION ASSOCIATION. 
1966. Propagation of the chum salmon in 

Japan. Jap. Fish. Resour. Conserv. 
Ass., Tokyo, 55 pp. 

JOHNSEN, RICHARD C. 
1964. Direction of movement of salmon in 

the North Pacific Ocean and Bering Sea 
as indicated by surface gillnet catches, 
1959-1960. Int.  N. Pac. Fish Comm., 
Bull. 14: 33-48. 

JORDAN, DAVID STARR, and BARTON WAR-
REN EVERMANN. 

1896. The fishes of North and Middle Amer-
ica. U.S. Nat. Mus., Bull. 47(1), 1240 
pp. 

JORDAN,   DAVID S., and CHARLES H. 
GILBERT,  
1882. Synopsis of the fishes of NorthAmer-

ica. U.S. Nat. Mus., Bull. 16, 1018 pp. 
JURKOVICH, JERRY E. 

1967. A method for tapering purse seines. 
Commer. Fish. Rev. 29(11): 71-78. 

KAMYSHNAYA, M. S. 
1961. 0 biologii gibrida kety i  gorbushi 

(Oncorhynchus  keta (Walbaum) infra-
species  autumnalis  Berg x0.  orbuscha 
(Walbaum) sem.  Salmonid-a.e  On the 
biology of the hybrid between chum and 
pink salmon: Oncorhynchus  keta (Wal-
baum) infraspecies autumnalis  Berg 
x 0. gorbuscha (W a lb a u m)- - Family 
Salmonidae . Nauch. Dokl.Vyssh. Shkoly, 
Biol. Nauk., 4: 29-33. (Transl., Fish. 
Res. Bd.  Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl. Ser 403.) 

KARPEVICH, A. F., and E. N. BOKOVA. 
1963. Peresadka ryb i  vodnykhbespozvono-

chnykh, provedennaya v SSSR za 1960-
1961 gg. (Acclimatization of fish and 

81 



invertebrates carried 
U.S.S.R., 1960 and 1961). 

out in the 
Vop Ikhtiol. 

3(2)(27): 366-395. 
KARPEVICH, A. F., and I. E. LOKSHINA. 

1965a. Peresadka ryb i vodnykh bespoz-
vonochnykh v 1962g. (Transplantation 
of fish and aquatic invertebrates in 
1962). Vop. Ikhtiol. 5(1)(34): 178-197. 
(Transl.  1965, avail. Clearinghouse Fed. 
Sci. Tech. Inform., Springfield, Va. 
22151, as JPRS 29787, $3.00.) 

1965b. Peresadki ryb i vodnykh bespoz-
vonochnykh v 1963g. ( Transplantation 
of fish and aquatic invertebrates in 
1963). Vop. Ikhtiol. 5 (4)(37): 698-713. 

KASAHARA, HIROSHI. 
1961. Pacific salmon. In: Fisheries re-

sources of the North  Pacific Ocean, 
pt. I, pp. 23-48. H. R. MacMillan Lec-
tures in Fisheries, Jan.-Feb. 1960, 
Inst. Fish., Univ. Brit. Columbia, Van-
couver. 

1963. Salmon of the North Pacific Ocean, 
Part I. Catch statistics for North Pa-
cific salmon. Int.  N. Pac. Fish Comm., 
Bull. 12, 82 pp. 

KATAYAMA, MASAO. 
1935. Biometric study of dog salmon 

(Oncorhynchus  keta (Walbaum)). Bull. 
Jap. Soc. Sci.  Fish. 4: 171-173. In 
Japanese. (T rans I.,  Bur. Commer. 
Fish., Biol. Lab., Seattle, Wash., 
Transl.  Ser. 1.)  

KOBAYASHI, HIROMU. 
1964. Biological study on hybrids of the 

salmonid fishes. Cytological observa-
tion on fertilization in the cross between 
the chum-salmon and the pink-salmon. 
Sci. Rep. Hokkaido Salmon Hatch. 18: 
67-72. In Japanese, Engl. abstr. 

KOBAYASHI, TETSUO. 
1961. Biology of chum salmon, Oncorhyn-

chus  keta (Walbaum), by the growth 
formula of scale. Sci.  Rep. Hokkaido 
Salmon Hatch. 16: 1-102. In Japanese, 
Engl. summary. 

KOBAYASHI, TETSUO, TERUHIKOAWAKURA, 
KAORU HONMA, and TADASHI TAMURA. 

1963. Study of rearing of the salmon, On-
corhynchus  keta (Walbaum). Sci. Rep. 
Hokkaido Fish. Hatch. 18: 11-26. In 
Japanese. 

KOBAYASHI, TETSUO, and YOSHIO 
ISHIKAWA. 
1964. An ecological study on the salmon 

fry, Oncorhynchus keta  (Walbaum) - 
VIII. The growth and feeding habit of the 
fry during seaward migration. Sci. Rep. 
Hokkaido Salmon Hatch. 18: 7-15. In 
Japanese, Engl.  abstr. 

KOBAYASHI, TETSUO, and MASAO SASAKI. 
1965. Experiments using air bubbles and 

the light to deflect migrating chum 
salmon fry, Oncorhynchus keta 

(Walbaum). Sci. Rep. Hokkaido Salmon 
Hatch. 19: 33-42. In Japanese, Engl.  
abstr. 

KONDA, MITSUO. 
1959. On the distribution area of salmon in 

the high seas. Suisan Cho (Fisheries 
Agency, [Japan]), (Int.  N. Pac. Fish. 
Comm. Doc. 309(1)), 10  pp. (Processed.). 
(Japanese text in Int.  N. Pac. Fish. 
Comm. Doc.  309(2), 32 pp. Processed.). 

1966. Studies on the optimum mesh of 
salmon gill net. Mem. Fac. Fish. Hok-
kaido Univ. 14(1/2), 88 pp. 

KONDO, HEIHACHI, YOSHIMI HIRANO, NO-
BUYUKI  NAKAYAMA, and MAKOTO MIYAKE. 

1965. Offshore distribution and migration 
of Pacific salmon (genus Oncorhynchus)  
based on tagging studies (1958-1961). 
Int. N. Pac. Fish Comm., Bull. 17, 213 
pp. 

KONSTANTINOV, A. S. 
1951. 0 pitanii malkov kety (Oncorhynchus 

keta infrasp.  autumnalis  Berg) v bas-
seine  r. amura [Nutrition of juvenile 
churn salmon (Oncorhynchus  keta 
infrasp. autumnalis  Berg) in the Amur 
basin]. Zool.  Zh. 30: 586-589. (Abst. 
transl.,  Fish. Res. Bd. Can., Biol. Sta., 
Nanaimo, Brit. Columbia, Transl,  Ser. 
20.) 

KOO, TED S. Y. 
1959. A preliminary report on the marine 

growth of pink, red, and chum salmon, 
as determined from tagging and re-
covery data. Univ. Wash., Seattle, Fish. 
Res. Inst., Circ. 107, 11 pp. (Processed.) 

1961. Circulus growth and annulus forma-
tion on scales of chum salmon (On-
corhynchus  keta). Cons. Perma. Int.  
Explor. Mer, Symposium on "Scale-
reading  for Salmon",  Cons. Memo. 1761, 
pap. 2, 10+ [12] pp. (processed.) 

1962. Age designation in salmon. In: Ted 
S. Y. Koo (editor), Studies of Alaska 
red salmon, pp. 37-48. Univ. Wash., 
Seattle, Publ.  Fish. n. s. 1. 

KUBO, ITSUO. 
1938. Preliminary notes on the stock of the 

anadromous dog salmon (Oncorhynchus  
keta (Walb.).  1. On the catch from the 
Miomote River. Bull. Jap. Soc. Sci. 
Fish. 6(5): 262-265. In Japanese.  
( Transl.,  Bur. Commer. Fish., Biol. 
Lab., Seattle, Wash., Transl.  Ser. 4.) 

KUBO, TATSURO. 
1950. A preliminary report of the study on 

the g r oups of Oncorhynchus  keta 
(Walbaum) (dog salmon) and the numbers 
of their segments. Bull. Fac. Fish. 
Hokkaido Univ. 1(1): 1-11. In Japanese, 
Engl.  summary. 

KUZNETSOV, I. I. 
1928,  Nekotorye nablyudeniya nad razmno-

zheniem Am ursk ikh i  Kamchatskikh 

82 



lososel  (Some observations on the 
spawning of the Amur and Kamchatka 
salmons). Izv. Tikhookeansk. Nauch.-  
promysl.  Sta. 2(3), 195 pp. ( Transl.,_  
Fish.-Oceanogr. Libr. Univ. Wash., 
Seattle.) 

LAGLER, KARL F., and ASA T. WRIGHT. 
1962. Predation of the Dolly Varden, Sal- 

velinus malma,  on young salmons, On-
corhynchus  spp., in an estuary of south-
eastern Alaska. Trans. Amer. Fish. 
Soc. 91: 90-93. 

LANDER, R. H., G. K. TANONAKA,  K. N. 
THORSON, and T. A. DARK. 
1966. Ocean mortality and growth. In: Re- 

port on the investigations by the United 
States for the International North Pacific 
Fisheries Commission -- 1964. Int. 
N. Pac. Fish. Comm., Annu. Rep. 1964: 
105-111. 

LARKINS, HERBERT A. 
1964a. Direction of movement of salmon 

in the North Pacific Ocean, Bering Sea 
and Gulf of Alaska as indicated by sur-
face gill net catches, 1961. Int.  N. Pac. 
Fish. Comm., Bull. 14: 49-58. 

1964b. Some epipelagic fishes of the North 
Pacific Ocean, Bering  Sea, and Gulf of 
Alaska. Trans. Amer. Fish. Soc. 93: 
286-290. 

LEBRASSEUR, R. J. 
1966. Stomach contents of salmonand steel-

head trout in the northeastern Pacific 
Ocean. J. Fish. Res. Bd. Can. 23: 85-100. 

LEVANIDOV, V. YA. 
1954. Puti usileniya vosproizvodstva kety 

Amura (Ways of increasing the repro-
duction of Amur chum salmon). Akad. 
Nauk SSSR, Tr. Soveshc h. Ikhtiol. 
Komm.  4 (T rudy soveshchaniya po  
voprosam lososevogo khozyaistva dal'- 
nego vostoka): 120-128. (Transl. avail. 
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 60-51042,  
$3.00.) 

1955. Pitanie i rost malkov kety v presnykh 
vodakh (Food and growth of young chum 
salmon in fresh water). Zool. Zh. 34: 
371-379. (Transl., Fish. Res. Bd.  Can., 
Biol. Sta., Nanaimo, Brit. Columbia, 
Transl., Ser. 77.) 

1959. Pitanie pishchevye otnosheniya ryb v 
predgornykh pritokakh nizhnego tech-
eniya Amura (Feeding and food relations 
of fishes in piedmont tributaries of the 
lower course of the Amur River). Vop. 
Ilchtiol.  13: 139-155. (Tr a ns 1.  avail. 
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 63-11104, 
$3.00.) 

1964. Zakonomernosti  dinamiki chislennosti 
lososei  v basseine Amura i puti vospro-
izvodstva zapasov (Salmon population 
trends in the Amur basin and means of 
maintaining the s to ck s). In:  E. N. 

Pavlovskii  (editor), Lososevoe khozyaistvo 
dal'nego vostoka, pp. 49-68 Izd. Nauka, 
Moscow. (Abet.  transl., Fish. Res. Inst., 
Univ. Wash., Seattle, Circ. 227.) 

LEVANIDOV, V. YA., and I. N. LEVANIDOVA. 
1951. Pitanie molodi Amurskol kety v 

presnykh vodakh (The food of young Amur 
chum s a l mon  in fresh water). Izv. 
Tikhookeansk. Nauch.-issled. Inst. Ryb. 
Khoz. Okeanogr. 35: 41-46. (Transl., 
Fish. Res. Bd.  Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl. Ser. 102.) 

1957. Pitanie pokatnol molodi letnei  kety i 
gorbushi v pritokakh Amura (Food of 
downstream migrant young summer chum 
and pink salmon in Amur tributaries). 
Izv. Tikhookeansk. Nauch.-issled. Inst. 
Ryb. Khoz. Okeanogr. 45: 3-16. (Transl.  
pp. 269-284 in "Pacific salmon: selected 
articles from Soviet periodicals", avail.  
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 60-51139, 
$3.00.) 

LISTER, D. B., and C. E. WALKER. 
1966. The effect of flow control on fresh-

water survival of chum, coho, and chinook 
salmon in the Big Qualicum River. Can. 
Fish Cult. 37: 3-25. 

LOVETSKAYA, E. A. 
1948. Materialy po  biologiI  AmurskoI  kety 

(Data on the biology of the Amur chum 
salmon). Izv. Tikhookeansk. Nau c h.- 
issled. Inst. Ryb. Khoz. Okeanogr. 27: 
115-137. (Transl. pp. 101-126 in "Pacific 
salmon: selected articles from Soviet 
periodicals," avail. Clearinghouse Fed. 
Sci. Tech. Inform., Springfield, Va. 22151, 
as TT 60-51139, $3.00.) 

LYSAYA, N. M. 
1951. Ob izmenenii sostava krovi losoei  v 

period nerestovykh migratsii (Changes in 
blood composition of salmon during the 
spawning migration). Izv. Tikhookeansk. 
Nauch.-issled. Inst. Ryb. Khoz. Okeanogr. 
35: 47-60. (Transl.  pp. 199-215 in "Pa-
cific  salmon: selected articles from 
Soviet periodicals," avail. Clearinghouse 
Fed. Sci. Tech. Inform., Springfield, Va. 
22151, as TT 60-51039, $3.00.) 

MCINERNEY, JOHN E. 
1964. Salinity preference: an orientation 

mechanism in salmon migration. J. Fish. 
Res. Bd.  Can. 21: 995-1018. 

MCNEIL, WILLIAM JOHN. 
1962. Mortality of pink and chum salmon 

eggs and larvae in southeast Alaska 
stream s. Ph. D. Thesis, Univ. Wash., 
Seattle, 270 pp. (Typescript.) 

MCNEIL, WILLIAM J. 
1966. Effect of the spawning bed environ-

ment on reproduction of pink and chum 
salmon. U.S. Fish Wildl.  Serv., Fish. 
Bull. 65: 495-523. 

MA C HIDORI, SEIJI. 
1966. Vertical distribution of salmon (genus 

83 



Oncorhynchus)  in the northwestern Pa-
cific--I. Bull. Hokkaido Reg. Fish. Res. 
Lab. 31:11-17. In Japanese, EngL sum-
mary. (Transl.,  Bur. Commer. Fish., 
Biol. Lab., Seattle, Wash.) 

MAHON, E. F., and W. S. HOAR. 
1956. The early development of the chum 

salmon, Oncorhynchus  keta (Walbaum). 
J. Morphol. 98: 1-48. 

MAMAEV, YU. L., A. M. PARUKHIN, 0. M. 
BAEVA, and P. G. OSHMARIN. 
1959. Gel'mintofauna dal'nevostochnykh 

lososevykh v s v ya zi s voprosom o 
lokal'nykh stadakh i putyakh migratsii 
etikh ryb ( The helminth fauna of Far 
Eastern salmonids in connection with the 
question of local stocks and routes of 
migration of these fish). Primorskoe 
Knizhnoe Izd., Vladivostok, 72 pp. 

MANZER, J. I. 
1956. Distribution and movement of young 

Pacific salmon during early ocean resi-
dence. Fish. Res. Bd. Can., Progr. Rep. 
Pac. Coast Sta. 106: 24-28. 

1958. Salmon distribution and abundance in 
the northeast Pacific,  1956 and 1957, 
with some comparisons with other regions 
of the North Pacific and the Bering Sea. 
Fish. Res. Bd. Can Biol. Sta., Nanaimo, 
Brit. Columbia (INPFC Doc. 195), 8 pp. 
text,  [5] pp. tables, [25] pp. figs.  
(Processed.) 

MANZER, J. I. 
1964. Preliminary observations on the 

vertical distribution of Pacific salmon 
(genus Oncorhynchus)  in the Gulf of Alaska. 
J. Fish. Res. Bd. Can. 21: 891-903. 

MANZER, J. I., T. ISHIDA, A. E. PETERSON, 
and M. G. HANAVAN. 
1965. Salmon of the North Pacific Ocean. 

Part V. Offshore distribution of salmon. 
Int.  N. Pac. Fish. Comm., Bull. 15, 
452 pp. 

MARGOLIS, L. 
1965. Parasites as an auxiliary source of 

information about the biology of Pacific 
salmons (genus Oncorhynchus).  J. Fish. 
Res. Bd. Can. 22: 1387-1395. 

MARR, JOHN C. 
1943. Age, length and weight studies of 

three species of Columbia River salmon 
(Oncorhynchus keta,  0. gorbuscha  and 
0. kisutch).  Stanford Ichthyol. Bull. 2: 
157-197. (Reprinted 1944, Oreg. Fish 
Comm., Contrib. 9.)  

MIHARA, TATEO. 
1958. An ecological study on the salmon 

fry, Oncorhynchus  keta, in the coastal 
waters of Hokkaido. Sci. Rep. Hokkaido 
Salmon Hatch. 13: 1-14. In Japanese. 
(Transl.,  Fish. Res. Bd. Can., Biol. Sta., 
Nanaimo, Brit. Columbia, Transl. Ser. 
226.) 

MIHARA, TATEO, SIGERU ITO, TOSHIO 
HACHIYA, and MIYOE ICHIKAWA. 
1951. Studies on the change of fishing con-

ditions of salmon in Hokkaido. (1) The 
fishing conditions on salmon. Sci. Rep,  
Hokkaido Fish Hatch. 6: 27-133. In Jap-
anese, Engl.  abstr. 

NAGASAKI, FUKUZO. 
1967. Some Japanese far-sea fisheries. 

In: North Pacific fisheries symposium. 
Wash. Law Rev. 43: 197-229. 

NAGASAWA, ARIAKI, and SEIZO SANO. 
1961. Some observations onthe downstream 

chum salmon fry (0. keta) counted in the 
natural spawning ground at Memu Stream 
1957-1959. Sci. Rep. Hokkaido Salmon 
Hatch. 16: 107-125. In Japanese, Engl. 
summary. 

NAKATSU, LORRY N. 
1960. The eastern Hokkaido land-based sal-

mon fishery of Japan. U.S. Fish Wildl. 
Serv.,  Spec. Sci. Rep. Fish. 331, 9 pp. 

NAKATSUKASA, YASUO. 
1965. An example of the hermaphroditic 

gonad found in Oncorhynchus keta  (Wal-
baum). Jap. J. Ichthyol. 13: 59-63. In 
Japanese, Engl.  summary. 

NEAVE, FERRIS. 
1947. Natural propagation of chum salmon 

in a coastal stream. Fish. Res, Bd.Can., 
Progr. Rep. Pac. Coast Sta. 70: 20-21. 

1948. Fecundity and mortality in Pacific 
salmon. Trans. Roy. Soc. Can., ser. 3, 
vol. 42, sect. 5: 97-105. 

1953. Principles affecting the size of pink 
and chum salmon populations in British 
Columbia. J. Fish. Res, Bd. Can. 9: 
450-491. 

1955. Notes on the seaward migration of 
pink and chum salmon fry. J. Fish. Res. 
Bd. Can. 12: 369-374. 

1958. The origin and speciation of Onco-
rhynchus.  Trans. Roy. Soc. Can., ser. 3, 
vol. 52, sect. 5: 25-39. 

1961. Pacific salmon: ocean stocks and 
fishery developments. Proc. Ninth Pac. 
Sci. Congr. 10: 59-62. 

1966. Salmon of the North Pacific Ocean - 
Part III. A review of the life history of 
North Pacific salmon. 6. Chum salmon 
in British Columbia. Int.  N. Pac. Fish. 
Comm., Bull. 18: 81-86. 

NEO, M. 
1964. How the salmon fleets operate. In: 

Modern fishing gear of the world 2, pp. 
428-431. Fishing News (Books) Ltd., 
London. 

NIKOLSKII, G. V. 
1954. Chastnaya ikhtiologiya (Special ich-

thyology). Goes.  Izd. Sovetskaya Nauka, 
Moscow, 458 pp. (Transl. avail. Clearing-
house Fed. Sci. Tech. Inform., Spring-
field, Va. 22151, as TT 60-21817, $3.00.) 

84 



NISHIDA, HIDEO. 
1953. Histological and cytological studies 

on the hatch of salmon, Oncorhynchus 
keta. I.  On the hatching gland, mucous 
cell,  and softening of egg membrane. 
Sci. Rep. Hokkaido Fish Hatch. 8: 63-70. 
In Japanese, Engl.  abstr. 

NISHINO, KAZUHIKO. 
1967. A hematological study of chum sal-

mon (Oncorhynchus  keta) during up-
stream migration for spawning. II. Sci. 
Rep. Hokkaido Salmon Hatch. 21: 35-47. 
In Japanese, Engl. abstr. 

NOBLE, R. E. 
1963. Artificial propagation of chum and 

pink salmon. In: Richard S. Croker and 
Don Reed (editors), Report of Second 
Governor's Conference on Pacific Salmon, 
Jan. 7-10, 1963. App. C-5, p. 86. State 
Printing Plant, Olympia, Wash. 

OAKLEY, ARTHUR L. 
1966. A summary of information concerning 

chum salmon in Tillamook Bay. Fish. 
Comm. Oreg., Res. Briefs 12: 5-21. 

ODA, SHIGERU. 
1967. Japan and international conventions 

relating to North Pacific Fisheries. In: 
North Pacific fisheries symposium. 
Wash. Law Rev. 43: 63-75. 

OKADA, SHUN, YOSHIO ISHIKA WA, A n d 
GI-ICHI KIMURA. 
1956. On the viability of the sperm and the 

egg left in the dead body of the dog-
salmon, Oncorhynchus  keta (Walbaum). 
Sci. Rep. Hokkaido Fish Hatch. 11: 7-17. 
In Japanese, Engl.  abstr. 

OKADA, SHUN, and TETSUSHI ITO. 
1955. On the activity and fertilizing capacity 

of sperm in dog-salmon (Oncorhynchus 
keta). Sci. Rep. Hokkaido Fish Hatch. 
10: 21-31. In Japanese, Engl.  summary. 

OKADA, YAICHIRO. 
1960. Studies on the freshwater fishes of 

Japan. II.  Special part. J. Fac. Fish. 
Univ. Mie 4: 267-588. 

PALLAS, PETER SIMON. 
1811. Zoographia Rosso - Asiatica, sistens 

omnium animalium in extenso Imperio 
Rossico et adjacentibes maribus obser-
vatorum recensionem, domicilia mores et 
descriptiones anatomen atque icones 
plurimorum.  3 vols. Petropoli, 1811. 

PARKER, ROBERT R. 
1962. A concept of the dynamics of pink 

salmon populations. In: N.J. Wilimovsky 
(editor), Symposium on pink salmon, 
pp. 203-211. H. R. MacMillan Lectures 
in Fisheries, Univ. Brit. Columbia, Van-
couver. 

1963. On the problem of maximum yield 
from North Pacific sockeye salmon 
stocks. J. Fish. Res. Bd. Can. 20: 1371-
1396. 

PENTEGOV, B. P., YU. N. MENTOV, and 
E. F. KURNAEV. 
1928. Fiziko-khimicheskaya kharakteristika 

nerestovo-migratsionnogo golodaniyakety 
(Phys ic 0-chemical  characteristics of 
breeding migration fast of chum salmon). 
Izv. Tikhookeansk. Nauch.-promysl. Sta. 
2(1), 64 pp. (Transl.,  Fish.-Oceanogr. 
Libr., Univ. Wash. Seattle.) 

PETERSON, A. E. 
1964. Gillnet  selectivity. In: Report on the 

investigations by the United States for the 
International North Pacific Fisheries 
Commission-1962.  Int. N. Pac. Fish. 
Comm.,  Annu. Rep. 1962: 116-117. 

PETROVA, Z. I. 
1964. 0 sostoyanii sta da lososei  reki 

Bol'shoi  (Condition of the stocks of sal-
mon of the Bol'shaya River). In: E. N. 
Pavlovskil  (editor), Lososevoe khcTiyalstvo  
dal'nego vostoka, pp. 36-42. Izdatel'stvo 
Nauka, Moscow. (Abet.  transl., Fish. Res. 
Inst., Univ. Wash., Seattle, Circ. 227). 

PRITCHARD, A. L. 
1936. Stomach content analyses of fishes 

preying upon the young of the Pacific 
salmon during the fry migration at 
McClinton Creek, Masset Inlet, British 
Columbia. Can. Field-Natur. 50: 104-
105. 

1943. The age of chum salmon taken in 
the commercial catches inBritishColum-
bia. Fish. Res. Bd. Can., Progr. Rep. 
Pac. Coast Sta. 54: 9-11. 

REED, ROGER J. 
1967. Observation of fishes associated with 

spawning salmon. Trans. Amer. Fish. 
Soc. 96: 62-67. 

REGNART, RONALD I., PETER FRIDGEN, 
and MICHAEL GEIGER. 
1967. Age, sex and size compositions of 

arctic and sub-arctic Alaska stocks of 
chum and sockeye salmon. Alaska Dep. 
Fish Game, Div. Commer. Fish., [Juneau], 
(Int.  N. Pac. Fish. Comm. Doc. 926), 
9 pp. (Processed.) 

RESEARCH INSTITUTE OF MARINE FISH-
ERIES and  OCEANOGRAPHY OF THE 
U.S.S.R. 
1960. Statistical information on the coastal 

catch of Far-Eastern salmon by the 
U.S.S.R. for the year 1959. Int. N. Pac. 
Fish. Comm.,  Doc. 363,2pp.  (Processed.) 

1961. Statistical information on the coastal 
catch of Far-Eastern salmon by the 
Soviet Union for the year 1960. Int.  N. 
Pac. Fish. Comm., Doc. 457, 3 pp. 
(Process ed.) 

1964. U.S.S.R. coastal salmon catch sta-
tistics for 1962. Int.  N. Pac. Fish. Comm.,  
Doc. 686, 5 pp. (Processed.) 

1965. U.S.S.R. coastal salmon catch sta-
tistics for 1963. Int.  N. Pac. Fish. Comm., 
Doc. 779, 5 pp. (Processed.).  

85 



RICHARDSON, JOHN. 
1854. The zoology of the voyage of H.M.S. 

"Herald",  under the command of Henry 
Kellett, R. N., C. B., during the years 
1845-51. Lovell Reeve, London, 172 pp., 
33 pl.  

RICKER, W. E. 
1954. Stock and recruitment. J. Fish. Res. 

Bd. Can. 11: 559-623. 
1958. Handbook of computations for biolog-

ical statistics of fish populations. Fish. 
Res. Bd. Can., Bull. 119, 300 pp. 

1964. Ocean growth and mortality of pink 
and chum salmon. J. Fish. Res. Bd. Can. 
21: 905-931. 

RICKER, W. E., and J. I. MANZER. 
1967. Recent information on salmon stocks 

in British Columbia. Fish. Res. Bd. 
Canada, Nanaimo, British Columbia (Int.  
N. Pac. Fish. Comm. Doc. 997), 62 pp. 
text, [18 pp.] figs. (Processed.) 

RIETZE,  H. L. 
1954. Naturally missing single fins from 

chum salmon. Fish. Comm. Oreg., Res. 
Briefs 5(1): 26. 

ROBERTSON, J. G. 
1953. Sex differentiation in the Pacific sal-

mon Oncorhynchus keta  (Walbaum). Can. 
J. Zool. 31: 73-79. 

ROCKWELL, JULIUS, JR. 
1956. Some effects of sea water and tem-

perature on the embryos of the Pacific 
salmon, Oncorhynchus gorbuscha  (Wal-
baum)  and Oncorhynchus keta  (Walbaum). 
Ph. D. Thesis, Univ. Wash., Seattle, 
416 pp. (Processed.) 

ROSA, H., JR. 
1965. Preparation of synopses on the biol-

ogy of species of living aquatic organ-
isms. FAO (Food Agr. Organ. U. N.) 
Rome, FAO  Fish. Synopsis 1, Rev. 1, 
75 pp. (Processed.) 

ROUNSEFELL, GEORGE A. 
1957. Fecundity of North American Sal-

monidae. U.S. Fish Wildl. Serv., Fish. 
Bull. 57: 451-468. 

1962. Relationships among North American 
Salmonidae. U.S. Fish Wildl. Serv., Fish. 
Bull. 62: 235-270. 

ROUNSEFELL, GEORGE A., and GEORGE B. 
KELEZ. 
1938. The salmon and salmon fisheries of 

Swiftsure Bank, Puget Sound, and the 
Fraser River. Bull. U.S. Bur. Fish. 48: 
693-823. 

RUCKER, ROBERT R. 
1959. Vibrio infections among marine and 

fresh-water f i s h. Progr. Fish-Cult. 
21(1): 22-25. 

RUCKER, ROBERT R., BRIAN J. EARP, and 
ERLING J. ORDAL. 
1954. Infectious diseases of Pacific salmon. 

Trans. Amer. Fish. Soc. 83: 297-312. 

SAITO, SABURO. 
1950. The embryological study of fishes. 

I. General observation on the early de-
velopment of dog salmon, Oncorhynchus 
keta  (Walbaum). J. Fac. Agr. Hokkaido 
Univ. 48: 267-289. 

SANO, SEIZO. 
1959. The ecology and propagation of genus 

Oncorhynchus  found in northern Japan. 
Sci. Rep. Hokkaido Salmon Hatch. 14: 
21-90. In Japanese, Engl. abstr. 

1966. Salmon of the North Pacific Ocean. 
Part III. A review of the life history of 
North Pacific salmon. 3. Chum salmon in 
the Far East. Int.  N. Pac. Fish. Comm., 
Bull. 18: 41-57. 

1967. Salmon of the North Pacific Ocean - 
Part IV.  Spawning populations of North 
Pacific salmon. 3. Chum salmon in the 
Far East. Int.  N. Pac. Fish. Comm., 
Bull. 23: 23-41. 

SANO, SEIZO, and TETSUO KOBAYASHI. 
1952. An ecological study on the salmon 

fry, Oncorhynchus keta  (1). Sci.  Rep. 
Hokkaido Fish Hatch. 7: 1-10. In Jap-
anese. Engl. abstr. 

1953. An ecological study on the salmon 
fry, Oncorhynchus keta  (2). The migra-
tion and growth of the fry in the marking 
experiment. Sci. Rep. Hokkaido Fish 
Hatch. 8: 71-80. In Japanese, Engl. sum-
mary. (Transl., Bur. Commer. Fish., 
Biol. Lab., Seattle, Wash.) 

SANO, SEIZO, and ARLA.KI  NAGASAWA. 
1958. Natural propagation of chum salmon, 

Oncorhynchus keta,  in Memu River, 
Tokachi. Sci. Rep. Hokkaido Salmon 
Hatch. 12: 1-19. In Japanese. (Partial 
transl., Fish. Res. Bd. Can., Biol. Sta., 
Nanaimo, Brit. Columbia, Transl.  Ser. 
198.) 

SEMKO, R. S. 
1954. Zapasy zapadnokamchatskikh lososesi 

i  ikh promyslovoe ispol'zovanie ( The 
stocks of West Kamchatka salmon and 
their commercial utilization). Izv. Tik- 
hookeansk. Nauch.-issled. Inst. Ryb. 
Khoz. Okeanogr. 41: 3-109. (Transl., 
Fish. Res. Bd. Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl. Ser. 288, or Bur. 
Commer. Fish., Biol. Lab., Seattle, Wash., 
Transl. Ser. 30.) 

1964. Sovremennoe sostoranie z a pa s o v 
Tikhookeanskikh lososei, stepen' ikh 
ispol'zovaniya i puti vosproizvodstva (The 
current condition of stocks of Pacific 
salmon, rate of exploitation, and future 
utilization). In: E. N. Pavlovskil  (editor), 
Lososevoe khozyaistvo dal'nego vostoka, 
pp. 7-16. Izd. Nauka, Moscow. (Abst. 
transL, Fish. Res. Inst., Univ. Wash., 
Seattle, Circ. 227.) 

86 



SHELBOURN, J.  E. 
1966. Influence of temperature, salinity, 

and photoperiod on the aggregations of 
chum salmon fry (Oncorhynchus keta).  
J.  Fish. Res. Bd. Can 23: 293-304. 

SHE PARD, M. P. 
1948. Responses of young chum salmon, 

Oncorhynchus  keta (Walbaum), to changes 
in sea water content of the environment. 
M.A. Thesis, Univ. Brit. Columbia, Van-
couver, 50 pp. (Typescript.) 

SHEPARD, M. P., A. C. HARTT, and  
T. YONEMORI. 
1967. Salmon of the North Pacific Ocean - 

Part VIII. Chum salmon in offshore 
waters. Int.  N. Pac. Fish. Comm., Doc.  
942, 92 pp. (Processed.) 

SIMON, RAYMOND C. 
1963. Chromosome morphology and species 

evolution in the five North American 
species of Pacific salmon (Oncorhynchus).  
J.  Morphol. 112: 77-97. 

SMIRNOV, A. G. 
1947. So s to yani e zapasov amurskikh 

lososei i princhiny ikh c hi s lennykh 
kolebanii (Condition of stocks of the Amur 
salmon and causes of fluctuations in their 
abundance). 'zit.  Tikhookeansk. Nauch.- 
issled. Inst. Ryb. Khoz. Okeanogr. 25: 
33-51. (Transl. pp. 66-85 in "Pacific 
salmon s elected articles from Soviet 
periodicals," avail. Clearinghouse Fed. 
Sci. Tech. Inform., Springfield, Va. 22151, 
as TT 60-51139, $3.00.) 

SMIRNOV, A. I. 
1954. Voprosy ratsi2nalizatsii  biotekhniki 

razvedeniya lososei na Sakhaline (Prob-
lems of rationalization of the biotech-
niques of salmon propagation on Sakhalin). 
Akad. Nauk SSSR, Tr. Soveshch. Ikhtiol. 
Komm. 4(Tr. Soyeshch. po voprosam 
lososevogo khozyaistvo Dal'nego Vostoka): 
94-110. 

1955. Vliyanie mekhanicheskikh vozde.istvii 
na razvivayushchuyusya ikru osermei  kety 
(Oncorhynchus keta  infrasp.  autumnalis 
Berg, Salmonidae) [The effect of mechan-
ical agitation at different periods of de-
velopment on the eggs of autumn chum 
s al  mo n (Oncorhynchus keta  infrasp. 
autumnalis  B e r g, Salmonidae)].  Dokl. 
Akad. Nauk SSSR 105: 873-876. (Transl.,  
Fish. Res. Bd. Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl.  Ser. 230.) 

1963. Produtsirovanie  spermy Tiknookean-
skimi lososyami roda Oncorhynchus  
(Sperm production in Pacific Ocean sal-
mon of the genus Oncorhynchus).  Vop. 
Ikhtiol. 3 (1)(26): 84-98. (Transl.  ex-
cerpts, Bur. Commer. Fish., Biol. Lab., 
Seattle, Wash.) 

SOIN, S. G. 
1954. Zakonomernosti razvitiya letneikety,  

gorbushi i simy. (Pattern of development 
of summer chum, pink, and masu salmon). 

Akad. Nauk SSSR, Tr. Soveshch. Ikhtiol. 
Komm. 4 (Trudy soveshchaniya po  
vopros am lososevogo khozyaistva dal'nego  
vostoka): 144-155. (Transl. p. 42-54 in 
"Pacific salmon: selected articles from 
Soviet periodicals," avail. Clearinghouse 
Fed. Sci.  Tech. Inform. Springfield, Va. 
22151, as TT 60-51139, $3.00.) 

SPALDING, D. J.  
1964. Comparative feeding habits of the fur 

seal, sea lion and harbor seal on the 
British Columbia coast. Fish. Res. Bd. 
Can., Bull. 146, 52 pp. 

STREKALOVA I. I. 
1963. Nablyudeniya za nerestom gorbushi 

Oncorhynchus gorbusha  [sic] (Walbaum) 
i letnei  kety Oncorhynchus  keta (Walbaum) 
v  reke My (liman Amura) [Observations 
on spawning of pink salmon Oncorhynchus 
gorbuscha  (Walbaum) and chum salmon 
Oncorhynchus keta  (Walbaum) in the My 
River (Amur estuary)]. Vop. Ikhtiol. 3 (2) 
(27): 256-265. 

SUCKLEY, GEORGE. 
1862. Notices of certain new species of 

North American Salmonidae, chiefly in 
the collection of the N.W. Boundary Com-
mission, in charge of Archibald Campbell,  
Esq., Commissioner of the United States, 
Collected by Doctor C. B. R. Kennerly, 
Naturalist to the Commission. Ann. 
Lyceum Natur. Hist. N.Y. 7: 306-313. 

SUETAKE, TOSHIO. 
1959. Prevention of upstream migration of 

adult salmon by electromechanical weir. 
Sci. Rep. Hokkaido Salmon Hatch. 14: 
157-165. In Japanese, Engl. abstr. 

SUNDSTROM, GUSTAF T. 
1957. Commercial fishing vessels and gear. 

U.S. Fish Wildl. Serv., Circ. 48, 48 pp. 
SVETOVIDOVA, A. A. 

1961. Lokalnye stada letnei kety Onco-
rhynchus keta  (Walbaum) basseina Amura 
[Local stocks of summer chum salmon 
Oncorhynchus keta  (Walbaum) of the Amur 
basin]. Vop. Ikhtiol. 17: 14-23. (Transl., 
Fish. Res. Bd. Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl. Ser. 347.) 

SYNKOVA, A. I. 
1951. 0 pitanii Tikhookeanskikh lososei v 

Kamchatskikh vodakh (Food of Pacific 
salmon  in Kamchatka waters). Izv. 
Tikhookeansk. Nauch.-issled. Inst. Ryb. 
Khoz. Okeanogr. 34: 105-121. (Transl. 
pp. 216-235 in "Pacific salmon: selected 
articles from Soviet periodicals," avail. 
Clearinghouse Fed. Sci. Tech. Inform., 
Springfield, Va. 22151, as TT 60-51139, 
$3.00.) 

TAGUCHI, KISABURO. 
1961. A trial to estimate the instantaneous 

rate of natural mortality of adult salmon 
(Oncorhynchus  spp.) and the considera-
tion of the rationality of offshore fish-
ing. I. For chum salmon (Oncorhynchus  

87 



keta)  1961. Bull. Jap. Soc. Sci. Fish. 27: 
963-971. In Japanese, Engl. abstr. 

1965a. The reproduction situation of Pacific 
salmon (Oncorhynchus  spp.) in Alaska. 
II. Chum salmon (0. keta).  Bull. Jap. 
Soc. Sci. Fish. 31:9-64-970.inJapanese,  
Engl. abstr. 

1965b. Returning effect and its limit result-
ing from the artificial propagation for 
chum salmon in Hokkaido. Bull. Jap. 
Soc. Sci. Fish. 31: 323-326. In Japanese, 
Engl.  Abstr. (Transl., Bur. Commer. 
Fish., Biol. Lab., Seattle, Wash.) 

TCHERNAVIN, V. 
1939. The origin of salmon. Salmon Trout 

Mag. 95: 120-140. 
TERAO, TOSHIRO, MASAAKI UCHIYAMA, 
SUMIO KURAHASHI, and HARU YOSHI MAT-
SUMOTO. 
1963. Studies on the interspecific salmonid 

hybrids between chum salmon, Onco-
rhynchus  keta (Walbaum) and kokanee 
salmon, Oncorhynchus nerka  var. adonis  
(Jordan et McGregor) - I. Survival and 
growth from fertilized eggs to fry. Sci. 
Rep. Hokkaido Fish Hatch. 18: 45-58. 
In Japanese. 

1965. Studies on the interspecific salrnonid  
hybrids between chum salmon Onco-
rhynchus  keta (Walbaum) and kokanee 
salmon Oncorhynchus nerka  var.  adoniat   
(Jordan et McGregor) - III. On some 
external characteristics and fertility 
of F1  hybrids. Sci. Rep. Hokkaido Fish 
Hatch. 20: 29-36. In Japanese, Engl. 
abstr. 

THORSTEINSON, FREDRIK V., WALLACE H.  
NOERENBERG, and HOWARD D. SMITH. 
1963. The length, age, and sex ratio of 

chum salmon in the Alaska Peninsula, 
Kodiak Island, and Prince William Sound 
areas of Alaska. U.S. Fish. Wild.Serv., 
Spec. Sci. Rep. Fish. 430, 84 pp. 

TODD, I. S. 
1966. A technique for the enumeration of 

chum salmon fry in the Fraser River, 
British Columbia. Can. Fish Cult. 38: 
3-35. 

TOMILIN, A. G. 
1957. Kitoobraznye (Cetaceans). Zveri SSSR 

i  prilezhashchikh stran (Mammals of 
the U.S.S.R. and adjacent countries), 
vol. 9. Izdatel'stvo Akad. Nauk SSSR, 
Moscow, 756 pp. (Transl. by Israel 
Program Sci. Transl., 1967, 717 pp., 
avail. Clearinghouse Fed. Sci. Tech. 
Inform. Springfield, Va. 22151, as TT 
65-50086, $3.00.) 

TRADE NEWS. 
1956. Artificial stream produces salmon. 

Can. Dep. Fish., Trade News 9(1): 7-8. 
TSUYUKI, H., and E. ROBERTS. 

1966. Inter-species relationships within the 
genus Oncorhynchus  based on bio- 

chemical systematics. J. Fish. Res. Bd. 
Can. 23: 101-107. 

TSUYUKI, H., E. ROBERTS, and W. E. VAN-
STONE. 
1965, Comparative zone electropherograms 

of muscle myogens and blood hemo-
globins of marine and freshwater verte-
brates and their application to bio-
chemical systematics. J. Fish. Res. Bd. 
Can. 22: 203-213. 

TSUYUKI, H., E. ROBERTS, W. E. VANS TONE, 
and J. R. MARKERT. 
1965. The species specificity and constancy 

of muscle myogen and hemoglobin elec-
tropherograms  of Oncorhynchus.  J. 
Fish. Res. Bd. Can. 22: 215-217. 

UZMANN, J.  R., and M. N. HESSELHOLT. 
1957. New host and locality record for 

Triaenophorus crassus  Forel (Cestoda: 
Pseudophyllidae). J.  Parasitol. 43: 205. 

1958. Teratological hermaphroditism inthe 
chum salmon, Oncorhynchus  keta (Wal-
baum). Progr. Fish-Cult. 20: 191-192. 

VANSTONE, W. E., EVE ROBERTS, and H. 
TSUYUKI. 
1964. Changes in the multiple hemoglobin 

patterns of some Pacific salmon, genus 
Oncorhynchus,  during the parr-smolt 
transformation. Can. J.  Physiol. Phar-
macol. 42: 697-703. 

VASILEV, I. S. 
1957. Ob iskusstvennom podnyatii urovnya 

vody na nerestilishchakhdal'nevostoch- 
nykh lososel  (Artificial raising of water 
level in the spawning grounds of Far 
Eastern salmons). Ryb. Khoz. 33: 70-71. 
( Transl. pp. 64-65 in "Pacific salmon: 
selected articles from Soviet periodi-
cals," avail. Clearinghouse Fed. Sci.  
Tech. Inform., Springfield, Va. 22151, as 
TT 60-51139, $3.00.) 

1959. Ob adaptivnor  znachenii  stroeniya ne- 
restovykh  bugrov lososel  roda Onco-
rhynchus  (Adaptive significance of the 
structure of spawning redds of salmon 
of the genus Oncorhynchus).  Zh. Obshch. 
Biol. 20: 155-160. 

WALBAUM, JOHANN JULIUS. 
1792. Petri Artedi Sueci Genera piscium 

in quibus systema totum ichthyologiae 
proponitur cum classibus, ardinibus,  
generum characteribus, specierum dif-
ferentiis, observationibus plurimi s. 
Ichthyologiae, pars. iii, Grypeswaldiae,  
723 pp. 

WALTERS, VLADIMIR. 
1955. Fishes of western arctic America and 

eastern arctic Siberia: taxonomy and 
zoogeography. Amer. Mus. Natur. Hist., 
Bull. 106 (art. 5): 255-368. 

WASHINGTON STATE DEPARTMENT OF 
FISHERIES. 
1964. Annual report 1964. Wash. State Dep. 

Fish., Olympia, 233 pp. 

88 



WATANABE, MUNESHIGE. 
1955. Some observations on the eggs of the 

mature salmon (Oncorhynchus  keta) in 
Hokkaido, with special reference to the 
race of salmon as characterized by the 
size of their eggs. Sci. Rep. Hokkaido 
Fish Hatch. 10: 7-20. In Japanese, Engl.  
abstr. 

WEBER, KINGSLEY G. (Compiler). 
1965. Salmon and steelhead protection and 

transport facilities. Pac. Salmon Inter-
Agency Council, Inventory Rep. 7 (2), 
323 pp. (Processed.) 

WICKETT, W. P. 
1952. Production of chum and pink salmon 

in a controlled stream. Fish. Res. Bd.  
Can., Progr. Rep. Pac. Coast. Sta. 
93: 7-9. 

1954. The oxygen supply to salmon eggs 
in spawning beds. J.  Fish. Res. Bd.  
Can. 11: 933-953. 

1958. Review of certain environmental fac-
tors affecting the production of pink 
and chum salmon. J. Fish. Res. Bd. 
Can. 15: 1103-1126. 

WIGUTOFF, NORMAN B. 
1951. Pacific salmon drift gill netting. U.S. 

Fish Wildl.  Serv., Fish. Lean. 386,6 pp. 
WINBERG (VINBERG), G.G. 

1956. Intensivnost obmena i pishchevye 
potrebnosti ryb (Rate of metabolism 
and food requirements of fishes). Nauch. 
Tr. Belorussk. Goa.  Univ. im. V. I. 
Lenina, Minsk, 253 pp. ( Transl.,  Fish. 
Res. Bd. Can., Biol. Sta., Nanaimo, 
Brit. Columbia, Transl. Ser. 194.) 

WOODLAND, BRUCE. 
1961. Jones Creek a proven success. Can. 

Dep. Fish., Trade News 14(5-6): 11-12. 
YAMAMOTO, KIICHIRO. 

1952. Studies of fertilization in the dog-
salmon, Oncorhynchus keta.  I. The 
morphology of the normal fertilization. 
J. Fac. Sci. Hokkaido Univ., Ser. 6, 
Zool., 11: 81-94. 

YAMANAKA, HIDEAKI, KA.TSUMI  YAMA-
GUCHI, KANEHISA HASHIMOTO, and FUMIO 
MATSUURA. 
1967. Starch-gel electrophoresis of fish 

hemoglobins -  III.  Salmonoid fishes. 
Bull. Jap. Soc. Sci. Fish. 33: 195-203. 

MS. #1827 

89 

GPO 892.358  



As the Nation's principal conservation agency, the Depart-
ment of the Interior has basic responsibilities for water, 
fish, wildlife, mineral, land, park, and recreational re- 
sources. Indian and Territorial affairs are other major 
concerns of America's "Department of Natural Resources." 

The Department works to assure the wisest choice in 
managing all our resources so each will make its full 
contribution to a better United States -- now and in the future. 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

U.S. FISH AND WILDLIFE SERVICE 
BUREAU OF COMMERCIAL FISHERIES 

WASHINGTON, D.C. 20240 
POSTAGE AND FEES PAID 

U.S. DEPARTMENT OF THE INTERIOR 
OFFICIAL BUSINESS 

Return this sheet to above address, if you do 
NOT wish to receive this material  or if 
change of address is needed [ 1(indicate  
change including ZIP Code). 

0285935 005 E 0170  01 

KOBFTICH  GAIL  C 0k  

BUR  OF SPORT  FISH a 
OOLF  

DIV OF FISHFRY  sekvicos 
 

P 0 BOX  484 

PINFTOP  AZ 05935 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92

