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

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 wundertaking. 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 nearlyas 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 inthe 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 (1896),
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 Gunther (186¢
161). e

Oncorhynchus keta Jordan and Gilbert (1882:
305),

1,2 Taxonomy
1,21 Affinities (According to Berg,

1947)
Suprageneric
Phylum Vertebrata
Subphylum Craniata
Superclass Gnathostomata
Series Pisces
Class Teleostomi
Subclass Actinopterygii
Order Clupeiformes
Suborder Salmonoidei
Family Salmonidae



Figure 1,--The chum salmon, Oncorhynchus keta (Walbaum), (Photograph courtesy of National Fisherman)

Generic

Pacific in North America and Asia,
spawning in the fall."

Oncorhynchus Suckley, 1861 (1862: 313)
Specific
Genotype:

The type specimen is Salmo keta of Walbaum
(1792: 72) from the Kamchatka River, The
original description, as cited by Okada (1960)

The generic name is derived from Greek is:
Onkos (hook) and rhynchos (snout).

Salmo scouleri (Richardson)

Salmo keta VEL KAYKO WALBAUM

The generic concept used here is that of D. 14, P, 15, V. 11, A, 18,

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
small, 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 insum-
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

""Caput breve, obtusum, Corpus immac-
ulatum, Cauda Lunata, Caro alba,
Squamae argenteae, Dorsum viridescens,
Capitur copiose in flumininbus Kamtsch-
atkae,

"Salmo keta VEL KAYKO, Kraschein-
nikow, l.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, Cauda 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,
emarginate, Lateral line: slightly de-
curved, then straight, Scales: cycloid; in
first row above lateral line, 130 to 153;




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,

C.

CC.

BB.

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,

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 abundantfar offshore--On-
corhynchus tshawytscha, king
salmon,

Pyloric caeca 45-114; lateral-line
scales 124-150; branchiostegals 11-
16; anal rays 15-21 (complete count);
gill rakers 19-39,

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 firstray
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; long sea migrations; not
abundant far offshore----Oncorhyn-
chus kisutch, silver salmon.




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 (exceptlower
belly) and all fins except pectorals
and caudal lobes a deep crimson to
brick red, head adull greenondorsal
half, creamy white below; mouth
lining dark; adaptively anadromous;
long sea migrations; abundant far
offshore----Oncorhynchus nerka,
sockeye salmon,

Oncorhynchus n,kennerlyi,
kokanee,"

A sixth species, the masusalmon (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 scalecharac.
ters, and Foerster and Pritchard (1944) ha
developed a key for the identification

juvenile Pacific salmon in fresh water,

1,22 Taxonomic status
This is a morpho-species, and itis polytypic,
1.23 Subspecies

Berg (1934) separated the Asian chum salmon
into seasonal races, summer and autumn, He
assigned the autumn chums to a special race,
the infraspecies autumnalis. The separationof
chum salmon into seasonal races is supported
by other investigators (Lovetskaya, 1948;
Grigo, 1953; Birman, 1956; Hirano, 1958; Sano,
1962), 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 l.--Distinguishing characteristics of seasonal races of chum salmon in Asia (Sano, 1966)

Character

Summer chum salmon

Autumn chum salmon

Geographic distribution of
spawning areas: Asian
coast.

Amur River

Time of spawning migration
Time of spawning
Average weight

Fecundity

Age at maturity

More northern populations
including Kamchatka, the
northern coast of the
Okhotsk Sea, and the Amur
River area.

Lower river tributaries--
within 100 ¥m. from sea.

Mainly July and August
August and September

2.5 kg. or less

Small proportion of 3-year-
olds.

More southern populations including
the Amur River, Sakhalin, and
Northern Japan.

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.




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 oflateral
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)

Vernacular names

Dog salmon, calico salmomn.

Do.

Letnyaya keta (summer chum),

Osennyaya keta (autumn chum),
Sil'cha (Amur),
Haiko (Kamchatka).

Akiaji, Aki-sake, Aki-zake, Aki-aji

Tokishirazu, Buna, 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, Inu-masu (Miyagi Prefecture);

Inu-masu (lshikari Province);

Hanamagari (Iwate Prefecture).

Country Standard common name
United States Chum salmon
Canada do.
U.iS: SR, Keta
Japan Sake
Foreat Yon-o

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)

Female Male
(116 fish) (151 fish)
Character
Standard |Coefficient | yo... | Standard | Coefficient

Mean deviation | of variation deviation | of variation

Mm, Mm. Mm. Mm,
3ody length 624.6 29.4 4ol 641.0 30.5 4.8
Jody depth 138.8 12l 87 149.4 107 6.7
fead Length 7.5 7ad. 6.6 13057 o908 fn L
‘nout length 28.6 3.6 1256 38.2 523 14.0
’audal peduncle depth 40.4 2.4 6.0 42.0 2.8 6.6

Correlation coefficient
3ody length to body depth 0.7 0.8
3ody length to head length 0.6 0.8
lead length to smout length 0.7 0.8
lead length to depth of
caudal peduncle. 0%5 0.7




Table 4.=-=Morphometric characters which show differences in swmwer and autumn chum salmon

(Grigo, 1953)
Fooled
Character Summer Autumm varianss
In percentage of median length of body:
Maximum height of body 25.3%0.2 24%04 9.5
In percentage of distance from posterior border of
operculum to the end of scale covering:
Posterior edge of operculum to insertion of dorsal fin 63.9 5 0.2 62.0 E 0.2 6.8
Posterior edge of dorsal fin to end of scale covering 52.6 = 0.2 53.9 = 0.2 5.6
Posterior edge of operculum to anterior edge of amus 93,2 2 0.2 9111Z%0.2 7.0
Posterior edge of operculum to anterior edge of ven= 72,0 2:0.2 70.2 % 0.2 6.0
tral fin
Distance from pectoral to ventral fins 45.1 & 0.2 42.9 2 0.1 9.2
In percentage of head length:
Height of head in mid-eye region 56.2 2 0.3 51.02% 0.4 10.4
Length of pectoral fin 61.7 2 0.4 66,7 2 0.5 8.5
Length of ventral fin 47.4 £ 0.4 50.3 % 0.3 5.7
Height of anal fin 43,6 2 0.3 47.9 2% 0.3 9.5
Distance from end of dorsal fin to anal fin 50.5 2 0.5 43.4%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 universallyto 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)

Oreatest depth of body (as

ercentage of length of trunk
Place of capture Fish Ls e et )

Range [ Mean * m
Number Percent Percent
Autumn chum salmon
Bira River Zid « 33.8 30.2 ¥ 0.3
Ussuri River 24 27.9 - 33.9 30.2 1 0.3
Amgun River 30 30.7 - 36.8 33:7 3 0.3
Amur estuary 60 27.2 = 34,3 31.6 ¥ 0.2
Summer chum salmon
Amur estuary 60 31.1 - 37.0 337 2 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
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,




Table 6.=--Morphometric characters that indicate differences in populations of chum salmon from
tributaries of the Amur River (Birman, 1956)

Averages by tributary

Pooled variance

Character
5 c Amgun- Amgun- Ussuri
SE SEERE e Ussuri Bira -Bira
As percentage of length B = o e e PEercent= = = = = = = = =« 2 0 == = - - -
of trunk.
Depth of head through 22.6 & 0.2 2007 & 0.2 07 = 0.2 6.8 6.8 0
occipute
Greatest depth of body. 3307 £ 0.3 0.2 % 0.3 502 < 0.3 8.4 8.5 0

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

River and sex
Item Beshenaia Amgun Dzhappi U1 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.) 555 Sl S D:e10 61.5 60.6 62.7 60.8 62.3 Bl 61.7
Weight(ke.) 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 22.8 231 22.1 - 22.9 22.4 21.8 22.1 22.0 22.2
In percentage of fork
length:
Trunk length 75:1 729 74.2 —— 73.4 70.8 73.0 71.8 7323 7955
Head length 21.6 23.5 21.4 - 224 25.4 22.2 24.2 22.4 22:3
Diameter of eye 2.8 2.9 3.0 - 2.6 2.6 2] 2.5 3.0 2.8
Greatest depth of body 22.8 2317 23.4 - 22.0 22.5 22.8 22.8 22.9 23.5
Least depth of body 6.7 7.0 6.4 - 6e3 6.6 6.2 6.3 6.4 6.5
Length of anal fin 11.5 1355 10.9 -— 107 10.6 10.4 10.4 112 Ll
Length of dorsal fin TS0 11.0 10.3 - 9.9 10.0 936 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 Markert, 1965; Yamanaka,
Yamaguchi, Hashimoto, and Matsuura, 1967).
Electrophoretic analysis of the muscle protein,
myogen, results in patterns thatare 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 (Vanstone,
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 O, 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 derivationof the remaining species
of Oncorhynchus from the genus Salmo is as
follows: O. kisutch, O. tshawytscha, O. keta,
O. nerka, and O. gorbuscha (Tsuyuki and
Roberts, 1966). The positions of O, nerka and
O. gorbuscha are still indoubt, based on myogen
patterns, and their order may be reversed to
conform with the order given by Hikita (1962).
In contrastto these findings, Simon (1963), from
evidence on the number of chromosomes, con-
sidered chum salmon to be the most primitive
species.




Table 8.--Meristic characters of chum salmon as given by Hikita, by Rounsefell, and by Dark and Landrum

Mean Range® Sample size
Character Hikital | Rounsefell? E:ﬁ and | pikita |Rounsefell Dark and | Hikita|Rounsefell e
1962 1962 196
(1962) (1962) 5s.) (1962) | (1962) (’mMS“m_ ) (1962) (1962) Land’( g )‘m
----------------------- NUMDETr= = = = = = = = = = = = = = = = = = = = = = =
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 - 17 -= 15.0- 16:1 198 - 9,222
Anal 171 17.3 18.1 - 18 16~ 20 17 =187 160 137 9,208
Ventral 130 - - 10- 13 - - 108 - -
Branchiostegals 13.4 13.8 1%4.5 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 22.9 22.7 22.9 19~ 27 19- 26 22.1- 23.9 243 188 9,213
gill arch.
Lateral line scales 13557 136.0 132.0 126-146  124-153 126.4-137.4 287 155 9,096

1 Hikxita's specimens were from Japan, the U.S.S.R., Canada, the Pacific Ocean, and the Bering Sea.

2 Rounsefell's 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 (Oncorgxgchus
nerka, O keta, and 0. gorbuscha). Bur. Commer. Fish., Biol. Iab., Seattle, Wash. These samples were from Hokkaido and
Kamchatka in Asia and the North American coast (from Kotzebue Sound on the Arétic 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.)

2 DISTRIBU TION
2,1 Total areas

Chum salmon have the widest distribution of

are ranges in sample means.

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

(Rosa, 1965, Appendix I)

any of the Pacific salmon (fig. 2; table 9).

Streams inhabited along the North American Abundant Rare
coast during reproductive and early life history

stages extend from the Sacramento R1ver in

California (long. 122°30' w., lat, 37°50' N.) Marine areas INE, INW PNE, PNW, ANE
northward more orless continuously (including

the Aleutian Islands) to the Arctic shore of Land areas 211,212,224 208,232, 444
Alaska (Walters, 1955; Atkinson, Rose, and 222,225,234

Duncan, 1967; Aro and Shepard, 1967; Hallock 451,710

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° N.) of Chiba
Prefecture on the Pacific side of Honshu, 1n
Nagasaki Prefecture (long. 130° 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, 1967%)., Spawning streams extend
northward to the Lena River (long. 125° E.,
lat. 73° 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,).

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 limitataboutlat, 40 N, mthe western
Pacific Ocean and at about lat, 44° 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 fishto reachocean
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 removaloflogjams, 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, Mostof
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 foundinstreams 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;



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 salmonbecome
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.
140° W. to long, 179° E. in the North Pacific
Ocean and from about long. 169° W. to at least
long, 177° 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. 170° 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 Bering 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 July to 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 inthe 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 fewlater 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 loose streambed gravelin whichthey
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
egge. Chum salmon gave 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° 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 withabrack-
ish upper zone and a saline lower zone, Its
southern boundary varies from lat, 40 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,)



to 42° N, (Dodimead, Favorite, and Hirano,
1963), Within the Subarctic Region, chum
salmon are mainly concentrated where sur-
face water temperature exceeds 2° or 3" C,
(Birman, 1958; Konda, 1959; Manzer, Ishida,
Peterson, and Hanavan, 1965), Theyare rarely
found where surface temperature falls below
1© C, Kasahara (1961) hypothesized that chum
salmon leave the northern waters of the seaof
Okhotsk and Bering Sea in the winter because
of probable low surface temperature, As the
North Pacific Ocean warms inthe 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
12° to 13° C. surface temperature isotherms,
The probable preferred range is 2° or 3°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 froma 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 percentdeveloped

Table 10.--Results of experimental cross breeding of chum salmon with other species of salmonids in Canada,

U.S.S.R., and Japan

Cross

Authority

Foerster (1935)
British Columbia,
Canada

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

Hikita and
Yokohira (1964 )
Hokkaido, Japan

Terao, Uchiyama, Kurahashi,
and Matsumoto (1963)
Hokkaido, Japan

Male chum salmon and female
pink salmon.

Female chum salmon and
male pink salmon.

Male chum salmon and female
sockeye salmon.

Female chum salmon and male
sockeye salmon.

Male chum salmon and female
kokanee (0. nerka var,
adonis ).

Female chum salmon and male
kokanee.

Male chum salmon and female
chinook salmon.

Female chum salmon and male
chinook salmon.

“Male chum salmon and female
coho salmon.

Female chum salmon and male
coho salmon.

Female chum salmon and male
Siberian char (Salmo
leucomaenis ).

Male chum salmon and female
Siberian char.

Excellent hatch of
healthy fry.

166 healthy fry
from 1,196 eggs.

Good hatch of
healthy fry.

Good hatch of
healthy fry.

Fggs all died
during early
development.

Moderate hatch of
healthy fry.

No fertile eggs
recovered.

Very poor - only
5 fry from 965

eggs.

High percentage of
fertilization
and viable fry.

High percentage of
fertilization
and viable fry.

No viable fry.

Less than 30-per-
cent fry.

81.8- to 91.5-
percent survival
over 3 years.

93.3- to 94.5-
percent survival
over 3 years.

7- and 90-percent survival
over 2 years.

80- and 90-percent survival
over 2 years.

11



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
(2s 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 werelarger
than males and resembled chum salmon in
weight and fecundity, Males attained maturity
at age 0.1° and females atage 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 Canalhatcheryin 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) butare
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: Gilbertand Rich, 1927;
Chugunova, 1959; and Koo, 1962, The Gilbert
and Rich method records age from time of egg
deposition; the other methods record agefrom
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 by Koo (1962).
This method uses two digits separated by a
period; for example, age 1.2 indicates that a
fish spentone 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 inits 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 beende-
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 salmonofage 0,1 were males
and that males outnumbered females at age
0.2. The sex ratio was nearly equal atage 0.3,
but females tended to outnumber males in ages
0.4 and 0.5,



Table 1l.--Results of backerossing hybrids with normal species and with other hybrids

Female

Male

Progeny survival

Authority

Species:
Sockeye salmon

Do.
Do.

Hybrid from:
Male chinook salmon

and fews .e chum salmon.

Male e} m .almon rnd
female sockeye salmo:

Male chinuok salmon
and female sockeye
salmon.,

Male chum salmon and
female sockeye salmon.

Do.

Do.

DO-

Female chum salmon
and male kokanee,

Do.

Female kokanee and
male chum salmon.

Species:

Chum salmon

Hybrid from:

Female chum salmon and

male kokanee,

Hybrid from:

Male chum salmon and
female sockeye salmon.

Male sockeye salmon and
female chum salmon,

Male chum salmon and
female pink salmon.

Male chinook salmon and
female sockeye salmon.

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,

Male chum salmon and
female pink salmon.

Male chum salmon and
female sockeye salmon.

Species:

Chum salmon

do.

do.

Hybrid from:

Female kokanee and
male chum salmon.

Female chum salmon and
male kokanee,

Excellent hatech of fry

do.

do.

No fertilization

do.

Good hatch

do.

do.

do.

do.

74-percent hatch of fry

68-percent hatch of fry

of 1\1‘}'

75-percent hatch

79-percent hatch of fry

25-percent hatch of fry

Foerster (1935).

lw




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 salmonat ma-
turity (table 12) indicate that most Asianchum
salmon are 45 to 96 cm. long and weigh 1.0 to
11.9 kg. and that most North Americanfishare
53 to 92 cm, long and weigh 0.8 to 13.4 kg.
Mature chum salmon under 50 cm, appear to
be more commoninAsia thanin North America,
The maximum length and weight for mature
chum salmonis about 100 cm. and 20 kg. (Lovet-
skaya, 1948).

3.13 Mating

Promiscuous, male fish frequently attend
more thanone 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 markad by
a funnel-shaped depression. Penetrationbythe
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 divisionofthe 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 inseminationand 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 about8 hoursor
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

T
Area Year(s) S:?lz)ie 122;211 Weight Authori ty
Number m. Kg.
Asia:
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 25,397 45-82 1l.1- 6.8 Dvinin }l{:’«.;‘ .
Primore (Tummin River) 1948-49 55 55-85 - Birman (1956).
Hokkaido 1956, 1958-59 852 -= 1.0-10.4 =
Honshu (Miomote River) 1936 - 50-90 1.0- 8.0 Kubo (1938).
North America: _
Northwest Alaska 1920 448 53-80 1.8~ 5.9 Gllberf1 192
1955-59 1,324 - 1.4~ 5.8 ‘1
Central Alaska 1955-59 1,603 - 0.8- 8.2 i
Southeastern Alaska 1955-59 1,913 -- 1.8-10.8 =
British Columbia 1916-17 1,024 53-84 1.8- 4.9 Fraser (1921
1955-59 1,784 - 1.2-13.4
Washington and Oregon 1910, 1914, 1947-61 3,721 56-92 - Giibert :2-,
Marr (1943);
Qakley (1966
1955-59 410 —- 1.8- 8.6 (=)

1 Data on file, Bureau of Commercial Fisheries, Biological Laboratory, Seattle, Wash.



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 andless 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 muchnarrower 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 (1957)
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
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average of 2,171 eggs forage 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)%and Mattson, Rowland, and
Hobart (1964)° could not demonstrate a signifi-
cant difference in fecundity ofage 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 c¢m. long, had a
total volume of spermatozoa of 37,1 to 133,6
cm,? over the complete period of spermatozoa
production, Spermatozoa per cubic millimeter
of sperm averaged 24.l1 million, and the total
number of spermatozoa per stripping was 220
billion, Smirnov concluded that the long dura-
tion of sperm productionallows 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 entryof 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.

"Mattson, 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

Fecundity
Y - Sample
Area ear(s) el oay | Ravee 1 10- Authority
dividual fish
0; Number of eggs
fish
North America:
Alaska:
Prince William Sound 1959 34 2,935 2,118-3,852  Helle (1960).
Southeastern 1959 296 2,763 - Mattson and Hobart (1962).°
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 2,301 - 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 il 2,613 - Do.
Port John Creek 1947-48 9% 2,107 - Hunter (1948, 1949).
Namu 1934 21 2,760 - Foerster and Pritchard (1936).
Nile Creek - 47 2,726 e Neave (1953).
Fraser River 1934 S 2,943 - Foerster and Pritchard (1936).
Asia:
UeiSeSelRe s
Bolshaya River 1943 - 2,400 - Semko (1954).
Do. 1944 - 2,379 - Do.
! Do. 1945 - 2,160 - Da.
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 D
My River 1950 - 2,205 - Svetovidova (
Do. 18951 - 2,282 - Do.
Do. 1952 - 2,477 - Do.
Do. 1953 - 2,214 —— Da.
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: 3712 - De.
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 - 2yenl - De.
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 Lovetskaye (1948).
Do. 1928 43 4,046 2,786=5,477 Do.
Do. 1929 20 2,777 1,771=3,374 Do.
Sakhalin:
} Sumer 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.




Table 13.--Fecundity of chum salmon in Asia and North America--Continued

Fecundity
S le
Area Year(s) :!:]LIzPe M Range in in- o S
ean
dividual fish
Number of Number of eggs
fish
Asia--Continued
Kurile Islands:
Nikishiro River 1939-40 40 1,800 997-2,633 Eguchi et al., 1954-
Betsutobu River 4 20 35959 1,540-2,485 Do.
Betsusama River " 17 2,162 1,594=3,414 Do.
Toro River it 19 2,044 1,365-2,779 Do.
Shibetoro River n 36 2,110 1,546-3,320 Do.
Hokkaido:
Tonbetsu River 1939-40 18 2,497 1, 654~3,015 Eg?chi et al., (1954); Sano
1966) .
Teshio River 1939-40 19 2,825 1,967-3,103 Do.

Do. 1955-58 4 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 97 2,562 1, 259-3,508 Do.
Ishikari 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 18 3,740 1,945-7,779 Do.

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

JL

Table l4.--Mean size~ and range in size of chum salmon eggs from unspawned females sampled along

the North American coast in 1958-59

Mean diameter Range in diameters Fish sampled
Area Age Age Age
0.2 [ 03 | 04 | G2 e 0.2 | o3 ioid
Mm. Mm. Number

Alaska:

Kotzebue Sound 4.7 5.6 6.0 4=5 5-6 6 13 27 6

Kuskokwim River 552 5.8 6.5 4=7 5-7 6-7 5 1L 56 6

Bristol Bay 5.6 5] - 5-7 5-7 -- 88 37 --

Alaska Peninsula 5.9 6.5 6.5 4= 4-8 5-7 16 46 15

Kodiak Island 6.6 i) - 5-8 5-9 - 9 66 -—-

Cook Inlet - 683 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 74 Tl 5=8 5=9 7-8 20 77 7

Rivers Inlet T2k 7410} T3 5-8 5-9 7-8 18 47 3

Fraser River 7:0 T - 6=-8 6=9 - 42 52 -
Washington:

Skagit River T3 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 onlyagainst
currents below a maximum level, Helle (1960)
noted an absence of chum salmon ina 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 spawninstreams ranging from
short coastal streams, where the adults may
spawn within the tidal zone, to large river
systems, suchas the Amur River inthe 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 selectedby
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 20to 110 cm,. for chum salmon
in Hokkaido (Sano, 1959)and from 30to 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-
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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), Inthe 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 approachedl:l. Males
predominated in the early part of the run and
females in the later part (Gilbert, 1922; Marr,
1943; Henry, 1954; Semko, 1954), Semko (1954)
also found that sex ratios changed inthis 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 indicatedthatthe 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 expiration phase
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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Figure 4.--Construction of redd and spawning
behavior of chum salmon (Sano and Nagasawa,
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,

(c) From time to time during redd construc-
tion, the male came in contact with the
female and exhibited body spasms which
appeared to excite the female,



(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 » and
female exhibited body spasms as the sperm
and eggs were released. Their mouths, fins,

and opercula were extended.
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females were no longer attended by males and
passively guarded the redds. Strekalova (1963)
reported that females guarded the redds 1 to6
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 animportant cause of eggloss.,
Semko (1954) presented data to show that egg
retention can increase when spawning density
is high:

Year Eggs retained per female Total eggs deposlted6

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,

8The size of area in which these eggs were deposited
was not given,

(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.

Eggs have been spawned at depthsof12to 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
)]s

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.? for summer chum salmon in one
Asian stream (Vasilev, 1959), and 2.3 m,? for
autumn chum salmoninfour small North Amer-
ican streams (Burner, 1951).

7Myren, 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.)



Table 15.--Egg retention by chum salmon in Asian and North American spawning streams

Area Year Average egg retention Authority
Number Percent
Tillamook Bay, Oreg. -- < 100 - Henry (1953).
Hook Nose Creek, British Columbia 1951 104.1 47 Hunter (1959).
Do. 1952 102043 0.5 Do.
Do. 1953 18.2 07 Do.
Do. 1954 355 e 2 Do.
Do. 1955 D%, 0.2 Do.
Do. 1956 3904 1.5 )O.
Big Qualicum River, British Columbia 1959 -- 4.5 Lister and Walker (1966).
Do. 1960 - 5.0 Do.
Do. 1961 - LA Do.
Do. 1962 -- 5aid Do.
Do. 1963 - I Do.
Do 1964 -- 2.8 Do.
Memu River, Hokkaido 1957 - A 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 20ux (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 maybenonviable.
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
gHamano. 1957). This is caused by harden-
ing of the chorion from colloidal changes of
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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° 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 (Bargett, 1981). 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 36 u. (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,



Okado and Ito (1955) found that the viability
of spermatozoa after stripping varied with
temperature; the spermatozoa were viable fo
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° 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 (3.40 C.) at which theydeveloped.

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 caninfluence
rate of development. The mean rate of hatching
was delayed in eggs exposed to oxygen below
air-saturation at 10~ 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 mayalso slow
the development of the embryo,

24

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 directlyby 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 percentin
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



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%

2,

11.

127

13.

14.

15.

16.

17

18.

19.

Unsegmented blastodisc. 5 hours, 7.6° C. (Note
irregular shape of protoplasm.)

Unsegmented blastodisc showing protoplasm
regular in outline and somewhat elevated, 12,5
hours, 7.4° C.

Two celled stage showing first cleavage furrow.
18.5 hours, 7.29 C,

Four celled stage. Note CM (coagulated material)
due to Bouin's fixative on surface of yolk, 21
hours, 7.2° C.

Eight celled stage. 28 hours, 7,50 C.

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,
Later segmentation stage. Note prominent MP
(marginal periblast), 56 hours, 7.1° C.
Blastulae, 5 and 6 days, respectively, 7.0° C.
Blastoderm has begun to spread over yolk, and
marginal periblast diminishes in extent.
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.

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,
5.99 C.

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

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, 5.8° C.

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.

5.3-mm. embryo, B (blastopore) almost closed;
head slightly raised from yolk. 21 days, 20
hours, 4.0° C.

5.5-mm, embryo. B (blastopore) closed; head
and tail freed from yolk, 23 days, 20 hours,
3.92 @5

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



Figure 6,~-Development of the chum salmon embryo from
closure of the blastopore through the alevin stage
(Photographs and description from Disler, 1954),

. Embryo at 65-somite stage; 45 days of develop-
ment; beginning of blood circuladon,

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

. Embryo at ll-mm, stage (68 somites); 64 days
of development,

23. Embryo at hatching; length 20,5 mm,; 122 days of

development.

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

hatching.

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 intheir third
and fourth years,

Fresh-water stage,--Shortly after the young
chum salmon leaves the redd, its swimbladder
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
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(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, Mocst fry entering the sea
are 29 to 60 mm, long. Information onfeeding,
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 radially from this area
(Kobayashi, 1961), Scales firstappear on young
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 timeoffirstappearance,
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 atabout 62 days after
hatching (Robertson, 1953), The smaller, more
pPrimitive-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),



Table 16.--Development of the chum salmon embryo

Stage of Range in length| Time after Thermal
development of embryo fertilization g s units g ek
o o
Mm. Days Hours _C. C. days
Beginning of t0.9- 1.2 == 24 2 3.4 - Disler (1954).
cleavage - - 18.5 72 == Mahon and Hoar (1956).
(2-cell stage). - -- 20 =24l 5 - Saito (1950).
Beginning of the R 8 -- 3.4 = Disler (1954).
blastula stage.
Formation of = 18-19 - 3.4 e Disler (1954).
germ ring. 33,0 9 -— 6.0 - Mahon and Hoar (1956).
Closing of 6.5- 7.0 4b=45 -- B -- Disler (1954).
blastopore. 5.5- 6.0 24 -- - -- Mahon and Hoar (1956).
Beginning of eye 7.8-11.0 50-64 -- 3.4 -- Disler (1954).
pigmentation. 13.3-13.9 61 -- == 338 Ievleva (1951).
Beginning of 14.0-17.0 95-100 - 3.4 -- Disler (1954).
embryo movement.
Hatching -- 135 -- 0.0- 5.0 -- Kubo (1950).
20.0-22.0 122-128 - Sl 408-420 Disler (1954).
-— 120 - 1.0- 5.0 -- Kubo (1950).
-- T4 6.5- 7.5 -- Do.
- 62-63 -- MS0=13.5 - Saito (1950).
-- 52-61 -- 9.7- 9.9 510-589 Alderdice, Wickett,
and Brett (1958).
- 56 -- 8.0- 9.6 -- Smirnov (1955).
-- 54 -- 9.5-11.0 .- Kubo (1950).
-- 46 - 7.0-15.0 -- Do.
1 Range in diameter of blastodisc.
2 Disler gave a mean temperature of 3.4° C. for the entire incubation period. Apparently tem-

peratures varied less than 1° 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 stage.--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 researchves-
sels in June and July over several years (Lan-
der, Tanonaka, Thorson, and Dark, 1966) were:

2.

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



Table 1’7.—-Devélopment of chum salmon in the
alevin stage (adapted from Disler, 1954)

Part of

stops Development

Skeleton and muscle of fins become
formed--fin fold is resorbed.

First

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 aeppears 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
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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 maris-albi) were predators of young
chum salmon that had been transplanted in
tributaries of the Barents and White Seas (Bak-
shtanskii, 1964), Inthe 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; Allenand 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 sexuallyand spawns,
Because all chum salmon die after they spawn,
this final phase of their life lasts about6 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 mostof 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, Inone coastal
stream of southeastern Alaska, the average
stream life was 18,3 days for males and 17.6




days for females in 1962 and 11.6 days for
males and 11.4 days for females in 1963 [ Mat-
tson, etal., 1964 (see footnote 5)]. These figures
are probably typical for many populations that
spawn in brackish water or within a shortdis-
tance from the sea. For cther 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 readilyduring 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 cancause 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. Theyinter-
mingle in ocean feeding grounds, intheinshore
areas on the way to the spawning streams, and
on spawning grounds., Pink salmonare 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 preyonadult
fish in Kamchatka (Semko, 1954) and in Alaska
(Helle, 1960; Thorsteinson, 1965%), Helle also
mentioned seals (Phocidea) and wolverines
(Gulo luscus) as predators in fresh water,

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

Parasites and diseases.--Parasites of chum
salmon caught at sea or after their return to
fresh water arelisted intable 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 8to 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 percentof chum
salmon had net marks in 1960; in rivers along
the Kamchatka coast, 6.2 percenthad 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 abnormalhead
and body shapes.

French (1965) reported on adhesions that
caused the visceral elements tobe 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 beenfound
only in immature chum salmon caughtoffshore,
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 tolocateand
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 consumgd
more readily than larvae because of their



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 -— Saprolegnia
Protozoa Flagellata Cryptobia.
Cnidosporida Henneguya, Myxosoma, Myxidium.
Ciliata Tripartiella and Trichodina.
Platyhelminthes Cestoidea Eubothrium, Proteocephalus, Pelichnibothrium, Nybelinia,
Hepatoxylon, Scolex, Diphyllobothrium, Phyllobothrium, and
Triaenophorus.
Trematoda Tubulovesicula, Brachyphallus, Lecithaster, Isoparorchis,
Hemiurus, Parahemiurus, and Bucephalopsis.
Nemathelminthes Nematoda Contracaecum, Anisakis, Philonema, Cystidicola, Rhaphidascaris,
and Porrocaecum.
Acanthocephala Echinorhynchus, Bolbosoma, Corynosoma, Rhadinorhynchus,
Metechinorhynchus, and Acanthocephalos.
Arthropoda Crustacea Lepeophtheirus, Ergasilus, Salmincola, Argulus.
Annelida 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

Summer chum salmon Autumn chum salmon

(436 fish) (179 fish)
Parasite Fish Parasites Fish Parasites
infected per fish infected per fish
Mean Range Mean Range
Percent No. No. Percent No. No.
Brachyphallus crenatus 2-32 1-21 1-100 5=66 6=33 1-200
Lecithaster gibbosus 5=T 5-21  1-ko 13 - 2-16
Phyllobothrium caudatum 96-100 90-680 T-1000 100 L0-860 9-5000
Scolex pleuronectis 36-93 1-6 1-27 39-98 3-8 1-28
Nybelinia surmonicola 1-11 1-2 1-3 L - 1
Eubothrium erassum:
Imago 2-9 - P =26 k=10 1-38
Plerocercoid 2-36 3-9 1-100  14-45 26 1-Lkoo
Echinorhynchus gadi 2-4 1-8 1-22 6-T = 9
Bolbosoma coenoforme 2-23 3-14 1-58 7-18 1-7 1-18
Anisakis sp. (larvae) 31-T2 2-3 1-8 35-81 2-3 1=7
Contracaecum aduncum 1-9 - 1-2 L7 1= T=s
Contracaecum sp. (larvae) - - - 2-13 2 I3
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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 influenced by water tem-
perature (Levanidov, 1955). At 4° to 10° C,,
the weight of food eaten daily was 5 to 10 per-
cent of the body weight; between 12° and 20 (S
it was 13 to 19 percent of thebody weight,

Stomach contents of adolescentand adult fish
in salt water are frequently difficultto identify
because of the advanced stage of digestion.
Chum salmon digest food faster than other
species of salmon or feed more extensivelyon
readily digestible organisms (LeBrasseur,
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 fromthe 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 stop feeding
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
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also impo